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MINUTES   OF   MEETINGS 
OF  THE  SOCIETY 


May  i6th,  ipij- — The  meeting  was  called  to  order  at  8.30  P.  m.; 
President  George  H.  Pegram  in  the  chair;  Chas.  Warren  Hunt,  Sec- 
retary; and  present,  also,  89  members  and  8  guests. 

A  paper  by  J.  F,  Partridge,  Jun.  Am.  Soc.  C.  E.,  entitled  "Modern 
Practice  in  Wood  Stave  Pipe  Design,  and  Suggestions  for  Standard 
Specifications",  was  presented  by  the  Secretary,  who  also  read  com- 
munications on  the  subject  from  Messrs.  H.  von  Schrenk,  F.  F.  Bell, 
H.  D.  Coale,  and  D.  C.  Henny.  The  paper  was  discussed  further  by 
Messrs.  Henry  P.  Rust,  H.  B.  Machen,  W.  J.  Boucher,  and  F.  M. 
Robbins. 
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The  Secretary  announced  the  election  of  the  following  candidates 
on  May  15th,  1917 : 

As   MEilBERS 

Charles  Eogy  Burky,  Jerome,  Idaho 

Albert  Bennett  Cudebec,  New  York  City 

Elmer  Ellsworth  Greenwood,  Skowhegan,  Me. 

Henry  Guttin,  New  York  City 

Harry  Allardt  Kluegel,  Denver,  Colo. 

Lamar  Lyndon,  New  York  City 

HiSANORi  Numata,  Yawata-Machi,  Chikuzen,  Japan 

Jacob  Latch  Warner,  Wilmington,  Del. 

Ealph  Nims  Whitcomb,  New  York  City 

As  Associate  Members 

Murray  Chase  Ayers,  Pasadena,  Cal. 

William  Earnest  Baldry,  Dodge  City,  Kans. 

John  Ealph  Bogert,  Wilkinsburg,  Pa. 

George  Hathaway  Canfield,  Oakland,  Cal. 

Earl  William  Chamberlin,  Chicago,  111. 

Joseph  Brandly  Converse,  Montgomery,  Ala. 

Daniel  Boyden  Cutler,  Tyler,  Tex. 

LoTT  Davis  Draper,  Germantowii,  Pa. 

Arthur  Hoyt  Dunlap,  Barstow,  Tex. 

Lester  Fisher  Ellis,  Lexington,  Mass, 

Lambert  Theodore  Ericson,  Toledo,  Ohio 

Chester  McKenzie  Everett,  New  York  City 

EuDOLPH  EvERS,  Brooklyn,  N.  Y. 

Alvin  Bartholdi  Eox,  Perth  Amboy,  N.  J. 

Charles  Grover  Gabelman,  Fort  Mills,  Philippine  Islands 

Leslie  Drew  Goddard,  Ann  Arbor,  Mich. 

William  Eobert  Goodwin,  Minneapolis,  Minn. 

Howard  Allison  Gray,  West  Somerville,  Mass. 

Clarence  Saylor  Gruetzmacher,  Milwaukee,  Wis. 

Benjamin  Mortimer  Hall,  Jr.,  Atlanta,  Ga. 

Aloysius  Frank  Harter,  Phoenix,  Ariz. 

Eugene  Eobert  Hoffman,  Olympia,  Wash. 

Joseph  Earl  Huber,  Mt.  Vernon,  111. 

William  Hill  Hulsizer,  Omaha,  Nebr. 

HoLLisTER  Johnson,  Albany,  N.  Y. 

Percival  Charles  Jones,  Cleveland,  Ohio 

Egbert  Leroy  Jones,  Sacramento,  Cal. 

Gerald  Sturtevant  Ivibbey,  Minneapolis,  Minn. 

Paul  Eobert  Kirstein,  Cincinnati,  Ohio 

Enno  Paul  Knollman,  Columbus,  Ohio 
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Adonis  William  Kueameu,  Wheeling,  W.  Va. 

Edward  Allyn  Lambert,  Bridgeport,  Conn. 

Arthur  Lewis  LaRoche,  Binghamton,  N.  Y. 

MoiffiAN  Foster  Larson,  Perth  Amboy,  IST.  J. 

Percival  John  MACiSrAUGHTON,  Springfield,  Mass. 

William  Oliver  McCluskey,  Jr.,  Wheeling,  W.  Va. 

Hyman  Harry  Mandelzweig,  Cleveland,  Ohio 

William  Christian  Miller,  Sycamore,  111. 

James  Shively  Neibert,  Liberty,  Tex. 

George  Frances  Nicholson,  Seattle,  Wash. 

Albert  Koy  Olds,  Havana,  Cuba 

Frank  Hugh  O'Rourke,  Sellersville,  Pa. 

Edmund  Addison  Pratt,  Philadelphia,  Pa. 

Maurice  James  Quinn,  Detroit,  Mich. 

Charles  Ramsay  Rinehart,  New  York  City 

W^ilbert  Robin  Rosche,  Pueblo,  Colo. 

Charles  Christian  Scharpenberg,  Bakersfield,  Cal. 

James  Hilton  Sherman,  Kansas  City,  Mo. 

Elmer  Sigler,  Kansas  City,  Mo. 

Isaac  Cleveland  Steele,  Alameda,  Cal. 

.Otto  Christian  Tretten,  San  Luis  Obispo,  Cal. 

William  Claude  Tyson,  Little  Rock,  Ark. 

Thomas  Albert  Van  Amburgh,  Oklahoma,  Okla. 

Claude  Linn  Van  Auken,  Chicago,  111. 

George  Parker  Van  Vliet^  Cincinnati,  Ohio 

Lester  Carl  Walker,  Richfield,  Idaho 

Herbert  Kirkman  Ward,  San  Diego,  Cal. 

Lee  Gilbert  Warren,  Milwaukee,  Wis. 

Harry  Artemas  Wells,  Hanover,  N.  H. 

Herbert  James  Wright,  Philadelphia,  Pa. 

As  Juniors 
Walter  David  Binger,  New  York  City 
James  DeWitt  Bohlken,  Blacksburg,  Va. 
Arthur  Taylor  Bragonier,  Roanoke,  Va. 
John  Bernard  Breymann,  Jr.,  Toledo,  Ohio 
Simon  Bricklin,  Philadelphia,  Pa. 

Clarence  Condon  Dustheimer,  Cristobal,  Canal  Zone,  Panama 
Aaron  Herbert  Frank,  Utica,  N.  Y. 
Roland  Russell  Graham,  Elmira,  N.  Y. 
Bernard  Henry  Grehan,  New  Orleans,  La. 
Harry  Neville  Jenks,  Berkeley,  Cal. 
George  Seymour  McCullough,  Evanston,  111. 
Thomas  Charles  Morgan,  Brooklyn,  N.  Y. 
David  Nabow,  Charlotte,  N.  C. 
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William  Henri  Francais  August  Pockels,  Buenos  Aires,  Argen- 
tine Republic 
Frederic  Borradaile  Prichett,  Philadelphia,  Pa. 
George  Francis  Sexton,  New  York  City 
William  Edward  Shea,  Remedios,  Cuba 
•  Walter  Raymond  Weber,  Denver,  Colo. 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on  May  15th,  1917 : 

From  Associate  Member  to  Member 

Farrand  Northrop  Benedict,  East  Orange,  N.  J. 

Clarence  Moore  Blair,  New  Haven,  Conn. 

Gustave  Maurice  Braune,  Cincinnati,  Ohio 

Frederick  Charles  Carstarphen,  Trenton,  N.  J. 

John  Percival  Da  vies,  New  York  City 

Farley  Gannett,  Harrisburg,  Pa. 

Otto  Henry  Gentner,  Jr.,  Philadelphia,  Pa. 

Samuel  Rowland  Ginsburg,  La  Romana,  Dominican  Republic 

Oliver  Zell  Howard,  Lawrence,  Mass. 

John  Nathaniel  Mackall,  Harrisburg,  Pa. 

William  Hale  Phillips,  Spokane,  Wash. 

Rex  Cameron  Starr,  Los  Angeles,  Cal. 

From  Junior  to  Associate  Member 

Chester  Ely  Atwood,  Yalier,  Mont. 

Wilbur  Earl  Bickerton,  Baltimore,  Md. 

Guy  Hersey  Bishop,  Oelwein,  Iowa 

Frank  Leonard  Bolton,  Erie,  Pa. 

Edouard  Jean  Bernard  de  Mey,  Pittsburgh,  Pa. 

Harold  Lewis  English,  Washington,  D.  C. 

William  Wetmore  Gibbs,  Nichols,  Fla. 

EwiNG  Sloan  Humphreys,  Richmond,  Ya. 

Ernst  Gustav  Kaufmann,  Buffalo,  N.  Y. 

John  Bruce  Mailey,  Lynn,  Mass. 

Clifford  Eaton  Murray,  Newark,  N.  J. 

Ernest  Benjamin  Nelson,  Chaiiaral,  Chile 

Kingsbury  Eastman  Parker,  San  Francisco,  Cal. 

John  Joseph  Francis  Phalan,  Utica,  N.  Y. 

Charles  Lysander  Rakestraw,  San  Francisco,  Cal. 

Harold  August  Hastrup  Schultz,  Detroit,  Mich. 

Yaleriano  Segura,  Manila,  Philippine  Islands 

Minton  Machado  Warren,  Cambridge,  Mass. 

Maurice  Anderson  Webster,  Philadelphia,  Pa. 
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The  Secretary  announced  the  following  deaths : 

Stanley  Alfred  Miller,  of  Paducah.  Ky.,  elected  Junior,  Febru- 
ary 4th,  1902;  Associate  Member,  April  6th,  1909;  Member,  June  24th, 
191G;  died  May  13th,  1917. 

David  Simson,  of  Hitchin,  Herts,  England,  elected  Member,  Janu- 
ary 8th.  1902 ;  died  December  16th,  1916. 

John  Hatfield  Frazee,  of  New  York  City,  elected  Associate  Mem- 
ber, December  6th,  1899;  died  May  4th,  1917. 

Lewis  Roberts  Pomeroy,  of  Orange,  N.  J.,  elected  Associate,  April 
2d,  1890;  died  May  7th,  1917. 

Adjourned. 

June  6th,  i9'7« — The  meeting  was  called  to  order  at  8.30  p.  m.; 
President  George  H.  Pegram  in  the  chair;  Chas.  Warren  Hunt,  Secre- 
tary; and  present,  also,  196  members  and  43  guests. 

The  minutes  of  the  meetings  of  April  18th  and  May  2d,  1917,  were 
approved  as  printed  in  Proceedings  for  May,  1917. 

E.  F.  Robinson,  Assoc.  M.  Am.  Soc.  C.  E.,  Captain,  Corps  of  Engrs., 
N.  G.  N.  Y.,  addressed  the  meeting  on  "The  Work  of  the  22d  K  Y. 
Engineers  on  the  Mexican  Border",  illustrating  his  remarks  with 
lantern  slides,  and  J.  H.  Granbery,  M.  Am.  Soc.  C.  E.,  exhibited 
French  and  German  helmets,  gas  masks,  and  other  military  accoutre- 
ments from  the  French  front  at  Verdun. 

The  Secretary  read  a  communication  from  J.  H.  Gandolfo,  Assoc. 
M.  Am.  Soc.  C.  E.,  announcing  the  establishment  of  an  evening 
section  of  a  course  of  theoretical  and  practical  instruction  in  military 
subjects  by  the  College  of  the  City  of  New  York,  during  the  summer. 

The  Secretary  annoimced  the  following  deaths : 

James  Walter  Grimshaw,  of  Westminster,  London,  England, 
elected  Member,  November  7th,  1888 ;  died  February  15th,  1917. 

Franklin  Buchanan  Looke,  of  North  Adams,  Mass.,  elected  Mem- 
ber, March  1st,  1893 ;  died  May  11th,  1917. 

Adjourned. 

ELECTIONS  AND  TRANSFERS  BY  THE  BOARD  OF  DIRECTION, 
JUNE  iith-i2th,  1917. 

Elected  as  Members 

Lyonel  Ayres,  Duluth,  Minn. 
Alfred  William  Bowie,  New  York  City 
Malcolm  Colburn  Cleveland,  New  York  City 
William  Cantrill  Curd,  St.  Louis,  Mo. 
David  Smith  Gendell,  Jr.,  Pottstown,  Pa. 
Paul  Anthony  Trost,  West  Hoboken,  N.  J. 
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Elected  as  Associate  Members 
Raymond  Ashton,  San  Francisco,  Cal. 
Frederick  Andrew  Baker,  Bogalusa,  La. 
Wilbur  Vick  Banister,  Boston,  Mass. 
John  Robert  Biedinger,  Cincinnati,  Ohio 
Robert  Lawton  Bowen,  Providence,  R.  I. 
Robert  Platt  Boyd,  Monroe,  La. 
Robert  Wesley  Briggs,  Yonkers,  N.  Y. 
John  Henry  Brown,  Jr.,  Philadelphia,  Pa. 
Charles  Homer  Buford,  Chicago,  111. 
Isaac  Jacques  Casey,  Jr.,  Irvington,  N.  J. 
John  Hirst  Caton,  3d,  Providence,  R.  I. 
Charles  Walter  Chapin,  San  Luis  Obispo,  Cal. 
Francis  Dorsey  Christhilf,  Baltimore,  Md. 
George  Phelps  Clayson,  Chicago,  111. 
William  Henry  Courtenay,  Philadelphia,  Pa. 
James  Cresson,  Norristown,  Pa. 
Perry  Augustus  Fellows,  Ann  Arbor,  Mich. 
Clarence  Stephens  Gale,  Easton,  Md. 
Franklin  Joseph  Hanmer,  North  Milwaukee,  Wis. 
Neal  Hanson,  TJte  Park,  N.  Mex. 
Wellington  Prescott  Hews,  San  Francisco,  Cal. 
Arthur  Julius  Knight,  Worcester,  Mass. 
Lyman  Calvin  Lamb,  Youngstown,  Ohio 
Henry  Lloyd,  Cheyenne,  Wyo. 
Charles  Edward  MacLean,  Boise,  Idaho 
Charles  Allen  Merriam,  Portland,  Ore. 
John  Earl  Morelock,  Chattanooga,  Tenn. 
Thomas  Preston  Paxton,  Okmulgee,  Okla. 
William  Clay  Penn,  Alcoa,  Tenn. 
Victor  Smith  Persons,  San  Francisco,  Cal. 
Percy  Lawrence  Reed,  Philadelphia,  Pa. 
William  Cathcart  Riddle,  Harrisburg,  Pa. 
Andrew  Francis  Ross,  Powell,  Wyo. 
Lewis  Pelot  Scott,  Aurora,  111. 
George  Milson  Shepard,  Minneapolis,  Minn. 
Eugene  Adalbert  Silagi,  Columbus,  Ohio 
John  William  Swaren,  Hayward,  Cal. 
Rock  Granite  Taber,  Dallas,  Tex. 
Louis  Earle  Thornton,  Pensacola,  Fla. 
Frank  Kline  Webb,  New  Orleans,  La. 

Elected  as  Juniors 
Roy  Leonard  Anderson,  West  Berkeley,  Cal. 
Alfred  Andrew  Burger,  Akron,  Ohio 
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Charles  Michael  Carnelli,  New  York  City 
Daniel  Wakwick  Colhoun,  New  York  City 
Alden  Wales  Harvev,  Coatesville,  Pa. 
Alfred  John  Mahnken,  Weehawken,  N.  J. 
Arthur  Clough  Nichols,  Knoxville,  Tenn. 
George  Anton  Repko,  Queens,  N.  Y. 
Leo  Francis  Reynolds,  St.  Joseph,  Mo. 
FoNziE  Eugene  Robertson,  Dallas,  Tex. 
William  Lewis  Stanton,  Los  Angeles,  Cal. 
William  Robert  Swanson,  Chicago,  111. 
Charles  Laurence  Warwick,  Narberth,  Pa, 

Transferred  from  Associate  Member  to  Member 

Joseph  Chester  Allison,  Calexico,  Cal. 

Charles  Terrell  Bartlett,  San  Antonio,  Tex. 

Percy  Lewis  Braunworth,  Montclair,  N.  J. 

Charles  Franklin  Brow^n,  Salt  Lake  City,  Utah 

John  Richard  Caiiill,  San  Francisco,  Cal. 

Edwin  Keen  Cortright,  Lawrence,  Mass. 

George  Cromwell,  San  Diego,  Cal. 

William  Earle  Elam,  Greenville,  Miss. 

Henry  Dievendorf  Dewell,  San  Francisco,  Cal. 

William  Dewoody  Dickinson,  Little  Rock,  Ark. 

Franklin  Edward  Estes,  Petersburg,  Fla. 

Harry  Carter  Gardner,  Lancaster,  Pa. 

Albert  Wesley  Gaumer,  Santiago  de  Cuba,  Cuba 

Howard  Howell  George,  Newark,  N.  J. 

Trygve  Daniel  Bodtker  Groner,  Springfield,  Ohio 

Charles  Newton  Green,  New  York  City 

Samuel  Whilden  Henderson,  Excelsior  Springs,  Mo. 

Clarence  Decatur  Howe,  Port  Arthur,  Ont.,  Canada 

Walter  Leroy  Huber,  San  Francisco,  Cal. 

Hinman  Barrett  Hurlbut,  Washington,  D.  C. 

Willis  Ranney,  San  Antonio,  Tex. 

Richard  Wood  Randolph,  Ichang,  China 

John  Marie  Thomas  Rice,  Pittsburgh,  Pa. 

Percy  Augustus  Shaw,  Lancaster,  Pa. 

Thomas  Shackelford  Shepperd,  Pittsburgh,  Pa. 

Walter  James  Spalding,  Ancon,  Canal  Zone,  Panama 

Adolpiius  Gustavus  Trost,  El  Paso,  Tex. 

Hubert  Southwick  Tullock,  Leavenworth,  Kans. 

Guy  Anderson  Watkins,  Little  Rock,  Ark. 

Maurice  William  Williams,  Albany,  N.  Y. 

William  Horace  Williams,  New  Orleans,  La. 
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Transferred  from  Junior  to  Associate  Member 

Richard  Henderson  Eurich,  Montclair,  N.  J. 

Fred  Dailey  Hartford,  Denver,  Colo. 

Jose  Justo  Manzanilla  y  Carbonell,  Havana,  Cuba 

Charles  Ernest  Ramser,  Washington,  D.  C. 

Neil  Thom,  Jr.,  San  Francisco,  Cal. 

John  Malcolm  Waller,  Kansas  City,  Mo. 

George  Leland  Youmans,  Tacoma,  Wash. 

OF  THE    BOARD   OF    DIRECTION 

(Abstract) 

May  15th,  1917. — The  Board  met  at  10.30  p.  m.,  immediately  after 
the  adjournment  of  the  Membership  Committee;  President  Pegram  in 
the  chair;  Chas.  Warren  Hunt,  Secretary;  and  present,  also,  Messrs. 
Davies,  Fay,  Flinn,  Humphreys,  Kittredge,  and  Noble. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election  of 
9  Members,  60  Associate  Members,  and  18  Juniors,  and  the  transfer  of 
19  Juniors  to  the  grade  of  Associate  Member. 

Twelve  Associate  Members  were  transferred  to  the  grade  of 
Member. 

A  Report  from  the  Membership  Committee  was  received  and  acted 
upon. 

Adjourned. 
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Letter  from  the  United  States  Coast  and  Geodetic  Survey 

"Washington,  D.  C,  June  5,  1917. 
'^Dr.  Charles  Warren  Hunt, 

Secretary,  American  Society  of  Civil  Engineers, 
New  York,  N.  Y. 

''Dear  Sir. — I  am  sending  you  herewith  a  copy  of  the  bill  recently 
passed  by  Congress  which  includes  an  item  of  vital  interest  to  the 
Coast  and  Geodetic  Survey. 

"It  authorized  the  President  to  turn  over  to  the  War  or  to  the 
Navy  Department,  in  time  of  war,  any  part  of  the  equipment  or  per- 
sonnel of  the  Survey  that  he  may  think  advisable  for  the  national 
defense  and  offense. 

"The  bill  also  provides  that  any  of  the  personnel  assigned  to  duty  in 
the  War  or  jSTavy  Department  shall  have  proper  military  status.  The 
status  of  the  engineers  of  the  Survey  is  provided  for  in  the  bill. 

"An  item  of  the  greatest  importance,  not  only  to  this  bureau  but 
to  civil  engineers  throughout  the  country,  is  the  provision  that  the 
field  engineers,  who  will  be  called  hereafter  hydrographic  and  geodetic 
engineers  and  junior  hydrographic  and  geodetic  engineers,  and  aids, 
are  to  be  appointed  or  commissioned  by  the  President  of  the  United 
States,  with  the  advice  and  consent  of  the  Senate. 

''Those  persons  in  the  Survey  who  have  had  the  title  of  Assistant 
and  of  Aid  have  already  been  commissioned  by  the  President  and 
these  commissions  have  been  confirmed  by  the  Senate. 

"It  is  believed  that  the  passage  of  the  bill  referred  to  is  a  recog- 
nition of  the  engineering  profession  by  the  federal  governrrient  which 
is  most  gratifying.  I  feel  that  you  will  be  glad  to  bring  this  action 
of  the  Government  to  the  attention  of  the  Board  of  the  American 
Society  of  Civil  Engineers,  'for  their  information. 

"Very  truly  yours, 

"R.  L.  Paris, 

"Acting  Superintendent." 

The  Award  of  the  John  Fritz  Medal  for  1917 

The  John  Fritz  Medal  for  1917,  awarded  to  Dr.  Henry  M.  Howe  for 
his  "investigations  in  metallurgy,  especially  in  the  metallography  of 
iron  and  steel",  was  presented  in  the  Auditorium  of  the  United  Engi- 
neering Society's  Building,  New  York  City,  on  Thursday  evening, 
May  10th,  1917. 

Mr.  Ambrose  Swasey,  Chairman  of  the  John  Fritz  Medal  Board 
of  Award,  presided,  and  addresses  were  delivered  by  Dr.  Rossiter  W. 
Raymond,  Secretary  Emeritus  of  the  American  Institute  of  Mining 
Engineers,  and  Dr.  Ira  N.  Hollis,  President  of  the  American  Society 
of  Mechanical  Engineers. 
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Professor  Albert  Sauveur,  Chairman  of  the  Board  at  the  time  the 
award  was  made,  presented  the  medal,  and  the  ceremonies  concluded 
with  the  response  of  Dr.  Howe. 

List  of  Eecipients  of  the  John  Fritz  Medal. 

John  Fritz 1902 

Lord  Kelvin 1905 

George   Westinghouse 1906 

Alexander  Graham  Bell 1907 

Thomas   Alva   Edison 1908 

Charles   Talbot  Porter 1909 

Alfred  Noble 1910 

Sir    William    Henry    White.  .1911 

Eobert  Woolston   Hunt 1912 

John  Edson   Sweet 1914 

James  Douglas 1915 

Elihu  Thomson 1916 

Henry   Marion   Howe 1917 

Report  of  the  Committee  on  Special  Committees 
Presented  to  the  Board  of  Direction,  June  nth,  ip'?. 
and  Ordered  Printed  for  the  Information  of  Members 

30  Church  Street,  New  York, 
June  5,  1917. 
The  Board  of  Direction, 

American  Society  of  Civil  Engineers, 

New  York,  N.  Y. 
Gentlemen. — At  your  last  meeting,  April  17th,  1917,  you  referred 
to  the  Committee  on  Special  Committees  two  matters  for  investigation 
and  report,  regarding  which  we  beg  to  submit  the  following  report: 
1. — Request  for  the  Appomtment  of  a  New  Special  Cominittee  on 
Concrete  and  Reinforced  Concrete. 
We  have  given  careful  consideration  to  the  possible  advantages  to 
the   Society  of  continuing  the   Special   Committee  on   Concrete   and 
Reinforced  Concrete  or  of  the  appointment  of  a  new   Special   Com- 
mittee.    Since  the  date  of  the  recent  report  there  is  nothing  new  in 
the  art  which  would  warrant  continuing  the  old,  or  appointing  a  new. 
Special  Committee  to  continue  the  work  beyond  the  scope  of  the  final 
report  which  was  presented  in  January.     There  is  no  warrant  under 
our  Constitution  for  maintaining  a  Special  Committee  perpetually  to 
watch  developments  in  any  particular  branch  of  the  art  of  engineering. 
Our  recommendation  is  that  no  such  Special  Committee  should  be 
continued  nor  new  Special  Committee  appointed.    In  the  future,  when 
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there  shall  have  been  some  further  advance  in  the  use  of  concrete  and 
reinforced  concrete  sufficient  to  warrant  a  further  study  and  report  on 
the  subject,  the  appointment  of  a  Special  Committee  can  be  considered 
on  its  merits. 

2. — Request  for  the  Appointment  of  a  Special  Committee  of  Five 
Members  to  Investigate  and  Report  on  the  Conditions  and 
Opportunities  for  American  Engineers  in  Russia  and  in  South 
America. 

Article  VI,  Section  12,  of  the  Constitution  of  the  Society,  pro- 
vides that,  "Special  committees  to  report  upon  engineering  subjects 
shall  be  authorized,  except  as  further  provided  in  this  paragraph",  etc. 
In  our  opinion,  tlie  matter  of  investigating  the  conditions  and  oppor- 
tunities for  American  Engineers  in  Russia  and  in  South  America 
does  not  come  within  the  scope  of  the  meaning  of  "engineering  sub- 
jects", and  we,  therefore,  recommend  against  the  appointment  of  such 
a  Committee  as  is  requested. 

In  submitting  this  report,  we  beg  to  state  that  while  it  is  not  signed 
by  Mr.  W.  L.  Darling,  a  member  of  the  Committee  on  Special  Com- 
mittees, the  recommendations  herein  made  are  fully  concurred  in  by 
him.  The  absence  of  Mr.  Darling's  signature  hereto  is  due  to  his 
leaving  this  country  on  government  business  prior  to  the  report  being 
written. 

Committee  on  Special  Committees. 

J.  Y.  Davies,  Chairman. 
Geo.  W.  Tillson. 

Contingent  Fees 

The  following  letter,  relating  to  contingent  fees,  was  presented 
to  the  Board  of  Direction  at  its  meeting  on  June  11th,  1917,  and 
was  ordered  printed  for  the  information  of  the  membership. 

"New  Orleans,  La. 
"May  29th,  1917. 
"To  THE  Board  of  Direction, 

American  Society  of  Civil  Engineers, 
220  West  57th  St.,  New  York. 
"Gentlemen. — Referring  to  the  correspondence  .published  in  the 
May  number  of  Proceedings*  in  regard  to  the  acceptance  by  engineers 
of  a  contingent  fee,  it  would  appear  to  the  writer  that  this  subject 
is  of  sufficient  importance  to  justify  further  discussion,  extending 
into  fields  other  than  service  as  an  expert  witness  in  Court.  It  may 
first,  however,  be  proper  to  express  a  hearty  agreement  with  the  reply 
given  by  ^[r.  Clemens  Herschcl  to  the  inquiry  of  Mr.  J.  H.  Quinton 
as  regards  testimony  given  in  Court.     Our  profession  is  in  no  position 

*  Pioceedings.  Am.  Soc.  C.  E.,  May,  1917,  p.  3.S2. 
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to  regulate  the  operation  of  our  law  Courts,  but  we  can  at  least  apply- 
to  our  service  in  connection  with  those  Courts  the  ideals  which  we 
stand  for  in  our  other  relations.  In  most  trials  in  American  Courts, 
the  attorneys  are  not  serving  as  a  semi-official  part  of  the  Court,  but 
as  violent  partisans,  striving,  by  every  means  which  their  code  of 
ethics  will  permit,  to  secure  an  advantage  for  their  particular  client. 
The  net  result  is  that  the  side  which  employs  the  preponderajice  of 
ability  secures  the  preponderance  of  advantage,  especially  in  trials  by 
jury  and  in  the  lower  Courts.  To  offset,  as  much  as  may  be  prac- 
ticable, this  generally  admitted  pernicious  practice,  it  would  appear 
to  be  the  duty  of  a  member  of  our  profession,  when  employed  as  an 
expert  witness,  to  adopt  the  attitude  that  he  is  employed  by  the  Court 
(though  of  necessity  in  some  States  paid  by  the  client)  to  assist  in 
arriving  at  the  truth.  Owing  to  the  fact  that  this  attitude  has  not 
been  fixed  by  precedent  long  followed  by  all  professions,  the  engineer's 
position  might  well  be  stated  to  the  client  or  his  attorney  before  accept- 
ing emplojanent. 

"The  writer  has  occasionally  found  practicing  attorneys  who  have 
so  departed  from  the  usual  custom  of  their  profession  that,  in  the 
handling  of  some  peculiar  case,  the  technical  details  of  which  are 
not  fully  covered  by  their  own  experience,  they  will  call  in  the  services 
of  some  specialist  in  that  line  for  assistance  in  the  preparation  of 
their  brief,  and  more  especially  in  the  preparation  of  questions  to  be 
asked  the  witnesses.  In  such  a  case,  the  writer  can  see  no  objection 
to  the  engineer  taking  a  partisan  attitude,  for  he  is  then  an  assistant 
to  the  attorney  and  not  to  the  Court.  The  question  of  a  contingent 
fee  under  such  circumstances  might  be  judged  more  from  a  business 
than  from  an  ethical  standpoint. 

''The  average  man  who  maintains  a  general  engineering  office  is 
probably  more  often  requested  to  render  services  for  a  contingent  fee 
in  connection  with  a  new  project  requiring  an  examination  and  a 
report  than  for  service  as  an  expert  witness  in  Court.  This  office 
has  had  an  average  of  not  less  than  four  such  cases  offered  per  year 
for  the  past  several  years.  Such  proposals  have  been  uniformly 
rejected  for  the  following  reasons : 

"1. — Handling'  of  engineering  work  on  a  contingent  fee  is  con- 
sidered to  be  poor  business  policy. 
"2. — It  is  considered  to  be  unethical. 

"Considering  these  points  in  the  order  named,  established  custom 
prevents  an  engineer  from  charging  a  fee  commensurate  with  the 
risks  involved.  Judged  by  the  rule  of  averages,  he  would  have  to 
provide  for  a  prolxable  failure  of  the  project  (and  consequent  failure 
to  collect  his  fee)  in  at  least  one-half  the  cases  so  handled.  On  all 
lost  cases,  he  would  be  out,  not  only  his  own  time,  but  also  for  expenses 
incurred.  In  many  instances,  these  expenses  run  up  into  an  amount 
which  the  average  engineer  is  in  no  position  to  lose. 

"As  regards  the  ethical  questions  involved,  assume  that  the  engineer 
is  employed  to  make  an  examination,  survey,  and  report  on  a  projected 
interurban  railway.  Acting  in  the  capacity  in  which  he  is  employed, 
he  is  not  only  charged  with  the   duty  of  securing  such   information 
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as  is  desired  by  the  promoters  of  the  scheme,  but,  in  ;i  certain  broad 
sense,  he  is  tlie  representative  of  all  i)arties  concerned.  These  parties 
are  numerous,  such  as  the  promoters  themselves,  the  future  stock- 
holders, and  bondholders,  the  future  patrons  of  the  road,  and  all 
interests  which  might  be  affected  by  its  construction  and  operation. 
Serving-  in  such  a  capacity,  the  work  of  an  engineer  is,  or  should  be, 
exceptionally  judicial  in  its  character.  The  engineer  may  be  able 
to  satisfy  himself  that  his  report  will  be  in  no  way  colored,  modified, 
or  exaggerated  by  the  fact  that  the  payment  of  his  fee  is  contingent 
on  the  successful  financing  of  the  project,  but  human  nature  is 
weak,  and  even  though  he  may  satisfy  his  own  conscience  in  the 
matter,  the  engineer  may  not  always  be  able  to  satisfy  the  public, 
and  more  especially  the  canny  investor,  that  he  has  been  entirely 
unbiased  in  his  presentation  of  the  case,  when  it  is  known  that  it  has 
been  accepted  on  a  contingent  fee. 

''The  foregoing  applies  more  particularly  to  the  preparation  of 
original  plans  and  reports.  After  a  project  has  been  financed,  no 
objection  can  be  seen  to  the  engineer  accepting  an  administrative  or 
other  position  in  the  concern,  accepting  in  return  payment  or  part 
payment  in  stock  or  profits,  this  again  being  more  a  matter  of  business 
than  of  ethics.  It  is  obvious,  however,  that,  in  connecting  himself 
with  a  project  as  part  owner,  the  engineer  may  not  consistently  clothe 
himself  with  such  broad  powers  over  contractors  who  may  be  employed 
as  is  customarily  done  by  engineers  who  take  the  position  that  they 
are  unbiased  arbitrators  as  between  the  owners  and  contractors.  An 
attempt  to  lay  down  rules,  however,  for  all  such  combinations  of 
circumstances,  would  lead  logically  to  a  regulation  in  minute  detail 
of  all  the  acts  of  the  individual,  a  procedure  which  is  neither  possible 
nor  desirable.  The  only  safe  rule  to  apply  is  the  Golden  Rule,  on 
which  are  based  the  generally  accepted  code  of  ethics  of  our  profession. 
"Respectfully  submitted 

"Arthur  M.  Shaw, 

"Member,  Am.  Soc.  C.  E." 


Proposed  Revision  of  the  Constitution 

Referring  to  the  note  on  page  315*  with  regard  to  the  action  of  the 
Board  in  the  matter  of  the  proposed  revision  of  the  Constitution,  the 
following  facts  should  be  noted : 

The  Report  received  by  the  Board  was  from  a  Committee  consist- 
ing of  M.  T.  Endicott,  Chairman,  J.  A.  Ockerson,  George  F.  Swain, 
Hunter  McDonald,  J.  V.  Davies,  H.  S.  Crocker,  and  Chas.  Warren 
Hunt,  and  was  not  unanimous,  the  only  difference  of  opinion  in  the 
Committee  being  as  to  whether  the  Secretary  of  the  Society  should  be 
a  member  of  the  Board  of  Direction  or  not,  Messrs.  Endicott,  Ockerson, 
McDonald,  and  Davies,  holding  that  he  should  not  be,  and  Messrs. 
Swain,  Crocker,  and  Hunt,  that  he  should  be. 

It  should  also  be  stated  that  the  proposed  By-laws  are  not  intended 
to  be  passed  upon  by  vote  of  the  Society.     They  are  published  with  the 

*  Proceedings,   Am.    Soc.    C.    E.,   May,    1917. 


408  SOCIETY   ITEMS   OF   INTEREST  [Society  Affairs. 

proposed  Constitution,  which  is  to  be  voted  upon,  for  the  information 
of  the  membership.  Should  a  new  Constitution  be  adopted,  these 
By-hiws  will  be  subject  to  change  or  amplification  by  the  Board  of 
Direction. 

Bill  for  the  Licensing  of  Engineers 
Adopted  by  the  State  Legislature  of  Florida 

This  bill  was  adopted  by  the  Senate  of  the  State  Legislature  of 
Florida  on  May  l7th,  1917,  and  by  the  House  on  the  following  day. 
A  copy  of  the  bill  was  forwarded  to  the  Society  by  A.  F.  Harley, 
M.  Am.  Soc.  C.  E.,  and  is  here  printed  for  the  information  of  the 
membership. 

AN  ACT  Providing  for  the  Creation  and  Establishment  of  a 
Florida  State  Board  of  Engineering  Examiners,  Granting  Cer- 
tain Powers  to  and  Prescribing  the  Duties  of  Said  Board; 
Providing  for  the  Examination  and  Eegistration  of  Profes- 
sional Engineers,  Regulating  the  Practice  of  Engineering  in 
the  State  of  Florida,  and  Providing  Penalties  for  the  Viola- 
tion of  This  Act. 

Be  It  Enacted  hy  the  Legislature  of  the  State  of  Florida: 

Section  1.    Definitions.    As  used  in  this  Act : 

(a)  The  "Board"  means  the  State  Board  of  Engineering  Exam- 
iners ijrovided  for  by  this  Act. 

(b)  A  person  practices  "Professional  Engineering"  within  the 
meaning  of  this  Act  who  practices  any  branch  of  the  profession  of 
engineering  other  than  military  engineering.  The  practice  of  said 
profession  embraces  the  design  and  the  supervision  of  the  construction 
of  public  and  private  utilities,  such  as  railroads,  bridges,  highways, 
roads,  canals,  harbors,  river  improvements,  lighthouses,  wet  docks,  dry 
docks,  ships,  barges,  dredges,  cranes,  floating  docks  and  other  floating 
liroperty,  the  design  and  the  supervision  of  the  construction  of  steam 
engines,  turbines,  internal  combustion  engines  and  other  meclianical 
structures,  electrical  machinery  and  apparatus,  and  of  works  for  the 
development,  transmission  or  application  of  power,  the  design  and  the 
supervision  of  mining  operations  and  of  processes  and  apparatus  for 
carrying  out  such  operations,  and  the  design  and  the  supervision  of 
the  construction  of  municipal  works,  irrigation  works,  water  supply 
works,  sewerage  works,  drainage  works,  industrial  works,  sanitary 
works,  hydraulic  works  and  structural  works  and  other  public  or 
private  utilities  or  works  which  require  for  their  design  or  the  super- 
vision of  their  construction  such  experience  and  technical  knowledge 
as  are  required  in  Section  8  of  this  Act  for  admission  to  examination. 
The  execution  as  a  contractor  of  work  designed  by  a  professional  engi- 
neer or  the  supervision  of  the  construction  of  such  work  as  a  foreman 
or  superintendent  for  such  a  contractor  shall  not  be  deemed  to  be  the 
practice  of  professional  engineering  within  the  meaning  of  this  Act; 
nor  shall  this  Act  apply  to  a  person  acting  as  a  public  ofiicer  employed 
by  the  State,  a  County  or  a  Municipality  of  this  State  on  work  where 
the  estimated  cost  of  the  same  is  $1  000.00  or  less. 
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(c)  "Professional  Engineer"  means  any  person  who  practices  pro- 
fessional engineering-. 

Sec.  2.  After  the  first  day  of  January,  nineteen  hundred  and  eigh- 
teen, no  person  shall  practice  professional  engineering  without  having 
first  been  duly  and  regularly  registered  by  the  Board  as  a  professional 
engineer  as  required  by  this  Act,  nor  shall  any  person  practice  pro- 
fessional engineering  whose  authority  to  practice  is  revoked  by  the 
Board;  and  after  the  first  day  of  January,  nineteen  hundred  and 
eighteen,  every  map,  plan  and  drawing  required  by  law  to  be  certified 
or  approved  by  a  professional  engineer  shall  be  certified  or  approved 
by  a  professional  engineer  duly  and  regularly  registered  by  the  Board 
as  a  professional  engineer  as  required  by  this  Act  and  shall  bear  the 
date  and  the  number  of  the  certificate  of  registration  of  such  profes- 
sional engineer. 

Sec.  3.  There  shall  be  a  State  Board  of  Engineering  Examiners 
consisting  of  five  members  to  be  appointed  by  the  Governor,  three  of 
whom  shall  be  civil  engineers,  one  a  mining  or  electrical  engineer,  and 
the  other  one  a  mechanical  engineer  or  naval  architect.  Of  the  mem- 
bers of  the  Board  first  appointed  hereunder  two  shall  hold  office  for  a 
term  of  two  years  ending  the  first  day  of  July,  nineteen  hundred  and 
nineteen.  Two  shall  hold  office  for  a  term  of  three  years  ending  the 
first  day  of  July,  nineteen  hundred  and  twenty.  One  shall  hold  office 
for  a  term  of  four  years  ending  the  first  day  of  July,  nineteen  hundred 
and  twenty-one.  The  term  of  office  of  each  member  so  appointed  shall 
begin  on  the  first  day  of  July,  nineteen  hundred  and  seventeen.  Upon 
the  exjiiration  of  each  of  such  terms  the  term  of  office  of  each  member 
thereafter  appointed  shall  be  four  years.  Eacli  member  shall  hold  over 
after  the  expiration  of  his  term  until  his  successor  shall  be  duly 
appointed  and  qualified.  The  Governor  may  remove  any  member  of 
the  Board  for  misconduct,  incapacity  or  neglect  of  duty.  Vacancies 
in  the  Board  caused  by  death,  resignation  or  removal  from  office  shall 
bo  filled  by  appointment  by  the  Governor  for  the  unexpired  term. 
Each  member  of  the  Board  shall  be  a  professional  engineer  of  at  least 
ten  years  active  experience  and  of  recognized  good  standing  in  his 
profession  and  shall  be  at  least  thirty-five  years  of  age  and  shall  have 
been  a  resident  of  this  state  for  at  least  three  years  immediately  pre- 
ceding his  appointment.  Each  member  of  said  Board,  except  the 
members  first  appointed  hereunder,  shall  also  be  registered  as  a  pro- 
fessional engineer  under  this  Act,  and  be  also  a  member  in  good  stand- 
ing of  a  recognized  engineering  society.  The  members  of  the  Board 
shall  serve  without  compensation  except  traveling  and  other  necessary 
expenses. 

Sec.  4.  Every  member  of  the  Board  shall  receive  a  certificate  of  his 
appointment  from  the  Governor  and  before  beginning  his  term  of  office 
shall  file  with  the  Secretary  of  State  his  written  oath  for  the  faithful 
discharge  of  his  official  duty.  Each  member  of  the  Board  first 
appointed  hereunder  shall  receive  a  certificate  of  registration  under 
this  Act  from  said  Board.  The  Board  shall  adopt  and  have  an  official 
seal.  The  Board  may  make  all  by-laws  and  rules  not  inconsistent 
with  law  needed  in  performing  its  duties;  but  no  by-law  or  rule  by 
which  more  than  a  majority  vote  is  required  for  any  specified  action 
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by  the  Board  shall  be  amended,  suspended  or  repealed  by  a  smaller 
vote  than  that  required  for  action  thereunder. 

Sec.  5.  The  Board  shall  biennially  elect  from  its  members  a  presi- 
dent, a  vice-president  and  a  secretary  who  shall  also  be  treasurer,  for 
the  ensuing  biennial  term.  The  Secretary  shall  give  a  bond  in  such 
amount  and  with  such  sureties  as  may  be  approved  by  the  Board  con- 
ditioned upon  the  faithful  performance  of  his  duties  and  for  the 
accounting  for,  and  payment  of,  all  moneys  received  by  him.  The 
Secretary  shall  keep  on  file  a  record  of  all  certificates  of  registration 
issued,  and  he  shall  receive  and  account  for  all  fees  derived  from  the 
operation  of  this  Act. 

The  Board  shall  hold  at  least  two  regular  meetings  in  each  year. 
Special  meetings  may  be  called  in  such  manner  as  the  by-laws  of  the 
Board  may  provide.  Notice  of  all  meetings  shall  be  given  in  such 
manner  as  the  by-laws  of  the  Board  may  provide.  At  all  meetings  a 
majority  of  the  Board  shall  constitute  a  quorum. 

Sec.  6.  The  Board  shall  have  power  to  employ,  during  its  pleasure, 
such  clerks  and  other  employees  and  to  rent  such  offices  as  may  be 
necessary  for  the  proper  performance  by  it  of  its  duties  as  in  this  Act 
prescribed. 

Sec.  7.  The  expenses  of  the  Board  and  of  the  examinations  held 
by  the  Board  and  of  any  other  matter  in  connection  with  the  provi- 
sions of  this  Act  shall  be  paid  from  the  registration  fees  collected  as 
herein  provided  and  not  otherwise  and  in  no  case  shall  any  of  such 
expenses  be  paid  by  the  State  of  Florida  nor  be  charged  against  said 
State. 

The  members  of  the  Board  shall  be  entitled  to  reimbursement  for 
their  traveling  and  hotel  expenses  incurred  in  pursuance  of  their 
duties. 

Any  surplus  funds  remaining  in  the  hands  of  the  Board  or  of  its 
Secretary  and  Treasurer  shall  be  subject  from  time  to  time  to  the 
further  provisions  of  the  Legislature. 

Sec.  8.  The  Board  shall  admit  to  examination  any  candidate  who 
pays  a  fee  of  Fifteen  Dollars  ($15.00)  and  submits  evidence,  verified 
by  oath  and  satisfactory  to  the  Board,  that  he 

(a)  Is  more  than  twenty-one  years  of  age, 

(b)  Is  of  good  character,  and 

(c)  Has  been  engaged  upon  engineering  work  for  at  least  six 
years  and  during  that  period  has  had  charge  of  engineering 
work,  as  principal  or  assistant,  for  at  least  one  year; 

(d)  Or,  in  lieu  of  requirement  (c)  specified  above,  is  a  graduate 
from  an  engineering  school  of  recognized  good  reputation 
and  has  been  engaged  upon  engineering  work  for  at  least 
four  years  and  during  that  period  has  had  charge  of  engi- 
neering work,  as  principal  or  assistant,  for  at  least  one  year. 

Sec.  9.  Examinations  for  registration  shall  be  held  at  regular  or 
special  me^etings  of  the  Board  at  such  times  and  at  such  places  within 
the  Statein  each  year  as  the  Board  shall  determine.  The  scope  of  the 
examinations  and  the  metliods  of  procedure  shall  be  prescribed  by  the 
Board.  The  examination  may  be  either  oral  or  partly  oral  and  partly 
written.     As  soon  as  practicable  after  the  close  of  each  examination 
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the  members  of  the  Board  who  shall  have  conducted  such  examination 
shall  make  and  sign  and  file  with  the  Secretary  a  certificate  stating 
the  action  of  the  Board  upon  the  application  of  each  candidate,  where- 
upon the  Secretary  of  the  Board  shall  notify  each  candidate  of  the 
result  of  his  examination. 

Sec.  10.  Upon  receipt  of  an  additional  fee  of  Ten  Dollars  ($10.00) 
the  Board  shall  issue  to  any  applicant  who  has  been  certified  as  having 
passed  the  examination  conducted  by  the  Board  a  certificate  of  regis- 
tration signed  by  the  President  and  Secretary  of  the  Board  under  the 
seal  of  the  Board,  whereupon  each  applicant  shall  be  authorized  to 
practice  professional  engineering  as  defined  by  this  Act. 

The  Board  shall  from  time  to  time  examine  the  requirements  for 
the  registration  of  professional  engineers  in  other  States,  territories 
and  countries  and  shall  record  those  in  which,  in  the  judgment  of  the 
Board,  standards  not  lower  than  those  provided  by  this  Act  are  main- 
tained. The  Secretary  of  the  Board,  upon  the  presentation  to  him  by 
any  person  of  satisfactory  evidence  that  such  person  holds  a  certificate 
of  registration  issued  to  such  person  by  proper  authority  in  any  such 
State,  territory  or  country  so  recorded  and  upon  receipt  by  him  of  a 
fee  of  Twenty-five  dollars  ($25.00),  shall  issue  to  such  person  a  cer- 
tificate of  registration  under  this  Act,  signed  by  the  President  and 
Secretary  under  the  seal  of  the  Board,  whereupon  the  person  to  whom 
such  certificate  is  issued  shall  be  entitled  to  all  the  rights  and  privileges 
conferred  by  a  certificate  issued  after  examination  by  the  Board. 

Sec.  11.  The  Board  shall  at  any  time  on  or  before  the  thirty-first 
day  of  December,  nineteen  hundred  and  seventeen,  issue  a  certificate 
of  registration  signed  by  the  President  and  the  Secretary  of  the  Board 
under  the  seal  of  the  Board,  upon  due  application  therefor  and  the 
payment  of  a  fee  of  Twenty -five  Dollars  ($25.00),  to  any  professional 
engineer  who  shall  submit  evidence,  verified  by  oath  and  satisfactory 
to  the  Board,  that  he  is  of  good  character  and  has  been  a  resident  of 
the  State  of  Florida  for  at  least  one  year  immediately  preceding  the 
date  of  his  application,  and  has  practiced  professional  engineering  for 
at  least  ten  years  preceding  the  date  of  his  application  and  during  that 
period  has  had  charge  of  engineering  work  as  principal  or  assistant 
for  at  least  two  years.  After  the  thirty -first  day  of  December,  nine- 
teen hundred  and  seventeen,  the  Board  shall  issue  certificates  of  regis- 
tration only  as  herein  provided. 

Sec.  12.  All  certificates  of  registration  issued  by  the  Board  and 
its  Secretary  shall  be  in  such  form  as  the  by-laws  of  the  Board  may 
prescribe.  Before  any  certificate  of  registration  is  issued  by  the  Board 
and  its  Secretary,  it  shall  be  numbered  and  recorded  in  a  book  kept  for 
that  purpose  with  the  Secretary  and  the  number  of  the  certificate  shall 
be  noted  on  the  certificate.  Such  record  shall  be  open  to  public  inspec- 
tion and  in  all  actions  or  proceedings  in  any  court  such  record  or  a 
transcript  of  any  part  thereof  certified  by  the  Secretary  of  the  Board 
under  the  seal  of  the  Board  to  be  a  true  copy  shall  be  entitled  to 
admission  h\  evidence. 

The  Board  shall  have  power  at  any  time  to  inquire  into  the  identity 
of  any  person  claiming  to  be  a  registered  professional  engineer  and 
after  due  service  of  a  notice  in  writing,  require  him  to  prove  to  the 
satisfaction  of  the  Board,  that  he  is  the  person  authorized  to  practice 


413  SOCIETY   ITEMS   OF   INTEREST  [Society  Affairs. 

professional  engineering  under  the  certificate  of  registration  by  virtue 
of  which  he  claims  the  privilege  of  this  Act. 

When  the  Board  finds  that  a  person  claiming  to  be  a  professional 
engineer  registered  under  this  Act  is  not  in  fact  the  person  to  whom 
the  certificate  of  registration  was  issued,  it  shall  reduce  its  findings 
to  writing  and  file  them  in  its  ofiice.  Such  findings  shall  be  prima 
facie  evidence  that  the  person  mentioned  therein  is  falsely  impersonat- 
ing a  professional  engineer  of  a  like  or  different  name. 

The  Board  may  revoke  a  certificate  of  registration  of  a  professional 
engineer  for  fraud  or  deceit  in  the  securing  of  his  certificate  or  for  the 
conviction  of  crime.  Proceedings  for  the  revocation  of  a  certificate 
of  registration  shall  be  begun  by  filing  with  the  Board  a  written  charge 
or  charges  against  the  accused.  These  charges  may  be  preferred  by 
any  person  or  corporation  or  the  Board  may  on  its  own  motion  direct 
its  Secretary  to  prefer  such  charges.  When  charges  are  preferred 
against  a  professional  engineer,  registered  under  the  provisions  of  this 
Act,  the  Board  shall  designate  not  less  than  three  of  its  number  as  a 
committee  to  hear  and  determine  said  charges.  A  time  and  place  for 
the  hearing  shall  be  fixed  by  said  committee  and  a  copy  of  the  charges, 
together  with  a  notice  of  the  time  and  place  for  the  hearing,  shall  be 
served  upon  the  accused  or  his  counsel  at  least  ten  days  before  the 
date  fixed  for  said  hearing.  Where  personal  service  or  service  upon 
counsel  cannot  be  effected  and  such  fact  is  certified  on  oath  by  any  per- 
son duly  authorized  to  make  legal  service,  the  Board  shall  cause  to  be 
published  for  at  least  five  times,  the  first  publication  to  be  at  least  thirty 
days  prior  to  the  hearing,  in  two  newspapers  published  in  the  section  of 
the  State  in  which  the  accused  was  last  known  to  practice,  a  notice  to 
the  effect  that  at  a  definite  time  and  place  a  hearing  will  be  held  on  the 
charges  against  the  accused  upon  an  application  to  revoke  his  certificate. 
At  said  hearing  the  accused  shall  have  the  right  to  cross-examine  wit- 
nesses against  him  and  produce  witnesses  in  his  defense  and  to  appear 
personally  or  by  counsel.  The  said  committee  shall  make  a  written 
report  of  its  findings  and  recommendations  and  shall  forthwith  submit 
the  same  to  the  Board.  If  the  Board  shall  sustain  the  findings  of  the 
committee  and  it  is  the  decision  of  the  Board  that  said  certificate 
should  be  revoked  the  Board  shall  thereupon  give  written  notice  to  the 
said  professional  engineer  against  whom  the  charges  are  preferred  of 
its  intention  so  to  do,  whereupon  the  said  professional  engineer  against 
whom  said  charges  have  been  preferred  shall  have  the  right  within 
sixty  days  to  appeal  to  any  court  in  equity  or  law,  having  proper 
jurisdiction,  against  the  action  of  the  said  Board  and  the  action  of 
the  Board  shall  be  subject  to  review  and  decision  of  said  court,  or  of  a 
higher  court,  if  appeal  is  taken.  In  the  event  that  the  said  profes- 
sional engineer  against  whom  charges  have  been  preferred  shall  not 
within  sixty  days  appeal  from  the  decision  of  the  Board  in  the  manner 
above  provided,  the  Board  shall  have  the  power  and  authority  to  there- 
upon, or  as  soon  thereafter  as  practicable,  annul  and  revoke  the  said 
certificate  of  registration.  The  action  of  the  Board  shall  be  recorded 
in  the  same  manner  as  certificates  of  registration  are  recorded  and  the 
name  of  the  person  whose  certificate  of  registration  is  so  revoked  shall 
be  stricken  from  the  list  of  registered  professional  engineers  and  he 
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shall  be  disqualified  from  practicing  as  a  professional  engineer  in  the 
State  of  Florida. 

The  Board  may  re-issue  a  certifiicate  of  registration  to  any  person 
whose  certificate  has  been  revoked,  but  only  after  thp  expiration  of 
one  year  from  the  date  of  such  revocation,  for  reasons  which  the 
Board  shall  determine  to  be  satisfactory. 

Sec.  13.  Every  certified  professional  engineer  so  registered  under 
this  Act  who  desires  to  continue  the  practice  of  his  profession  shall 
annually  pay  to  the  Secretary  of  the  Board  a  fee  of  Five  Dollars 
($5.00)  on  or  before  a  date  to  be  fixed  by  the  Board,  for  wliich  fee 
a  renewal  certificate  of  registration  for  the  current  year  shall  be 
issued. 

Sec.  14.  It  shall  be  unlawful  for  any  professional  engineer  to 
participate  in  or  derive  any  profit  from  the  subject  matter  of  his 
professional  employment,  either  in  the  matter  of  construction  work 
or  materials. 

Sec.  15.  Every  unrevoked  certificate  and  endorsement  of  registry 
made  as  provided  in  this  Act  shall  be  presumptive  evidence  in  all 
courts  and  places  that  the  person  named  therein  is  legally  registered. 

Sec.  16.  The  provisions  of  this  Act  shall  apply  to  every  corpora- 
tion, domestic  or  foreign,  engaged  in  the  business  of  professional  engi- 
neering witliin  the  State  of  Florida,  except  that  certificates  of  regis- 
tration issued  hereunder  shall  be  held  by  one  or  more  of  its  officers  or 
employees  instead  of  by  such  corporation. 

Sec.  17.  The  Board  shall,  during  the  month  of  April  in  each  year, 
certify  and  publish  a  complete  list  of  registered  professional  engineers 
with  their  business  addresses  in  a  newspaper  published  in  the  State  of 
Florida. 

Sec.  18.  Any  person  who,  not  being  then  legally  authorized  to  prac- 
tice professional  engineering  within  this  State  according  to  the  provi- 
sions of  this  Act  and  so  registered  according  to  law,  shall  practice,  or 
attempt  or  advertise  to  practice,  or  hold  himself  out  as  authorized  to 
practice  professional  engineering,  or  shall  use  in  connection  with  his 
name,  or  otherwise  assume,  use  or  advertise  any  title  or  designation 
tending  to  convey  the  impression  that  he  is  a  professional  engineer,  and 
any  person  who  shall  buy,  sell  or  fraudulently  obtain  any  certificate  of 
registration  or  who  shall  aid  or  abet  such  buying,  selling  or  fraudulently 
obtaining  or  who  shall  practice,  or  attempt  or  advertise  to  practice  or 
hold  himself  out  as  authorized  to  practice  professional  engineering 
under  cover  of  any  certificate  obtained  or  issued  fraudulently  or  unlaw- 
fulb'  or  under  fraudulent  representations  or  wilful  misstatement  of 
fact  in  a  material  regard  and  any  person  who  shall  practice,  or  attempt 
or  advertise  to  practice,  or  hold  himself  out  as  authorized  to  practice 
l)rofessional  engineering  under  a  false  or  assumed  name  or  who  shall 
falsely  impersonate  any  professional  engineer  or  former  professional 
engineer  of  a  like  or  different  name  or  who  shall  violate  any  of  the 
provisions  of  this  Act,  shall  be  guilty  of  a  misdemeanor,  and  upon 
conviction  thereof  shall  be  punished  according  to  law,  and  in  addition 
his  certificate  of  registration  shall  be  automatically  revoked. 
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Sec.  19.  This  Act  shall  not  apply  to  any  professional  engineer 
working  for  the  United  States  Government;  nor  to  any  professional 
engineer  employed  as  an  assistant  to  a  professional  engineer  regis- 
tered under  this  Act;  nor  to  any  professional  engineer  coming  from 
without  this  State  and  employed  therein  until  a  reasonable  time,  as 
prescribed  by  the  rules  of  the  Board,  shall  have  elapsed  to  permit  the 
registration  of  such  person  under  this  Act,  provided  that  before  prac- 
ticing within  this  State  he  shall  have  applied  for  the  issuance  to 
him  of  a  certificate  of  registration  and  shall  have  paid  the  fee  pre- 
scribed in  this  Act  for  admission  to  examination. 

Sec.  20.  This  Act  shall  not  apply  to  any  architect  registered  by 
the  State  of  Florida  under  the  provisions  of  the  Act  creating  the  State 
Board  of  Architecture  nor  to  any  of  the  provisions  of  said  Act. 

Sec.  21.  All  laws  or  parts  of  laws  in  conflict  with  the  provisions  of 
this  Act  be  and  the  same  are  hereby  repealed. 

Sec.  22.  This  Act  shall  take  effect  immediately  upon  its  passage 
and  approval  by  the  Governor. 

Report  of  a 

Joint  Committee  on  Organization  of  an 

American  Engineers  Standards  Committee 

to  the  Governing  Boards  of  the 

American  Society  of  Civil  Engineers,  American  Institute  of  Mining 

Engineers,  American  Society  of  Mechanical  Engineers, 

American  Institute  of  Electrical  Engineers,  and  the 

American  Society  for  Testing  Materials.* 

Preamble. 

At  the  present  time  many  bodies  are  engaged  in  the  formulation 
of  standards.  There  is  no  uniformity  in  the  rules  for  such  procedure 
in  the  different  organizations;  in  some  cases  the  committees  engaged 
in  the  work  are  not  fully  representative,  and  in  a  considerable  propor- 
tion of  cases  they  do  not  consult  all  the  allied  interests.  The  present 
custom  results  in  a  considerable  duplication  of  work,  and  there  are  in 
some  fields  several  "standards"  proposed  for  the  same  thing  that  differ 
from  each  other  only  slightly  and  that  often  in  unimportant  details. 
It  is  very  much  more  difficult  to  obtain  agreement  between  the  pro- 
posers of  overlapping  standards  after  they  have  been  published  than  it 
would  be  to  get  the  proposers  to  agree  before  they  had  committed  thein- 
selves  publicly. 

The  American  Society  of  Civil  Engineers,  the  American  Institute 
of  Mining  Engineers,  the  American  Society  of  Mechanical  Engineers, 
the  American  Institute  of  Electrical  Engineers,  and  the  American 
Society  for  Testing  Materials,  having  appointed  this  committee  to  con- 
sider the  advisability  of  co-operating  in  Engineering  Standardization, 
we  recommend  that  these  societies  form  a  permanent  organization  by 

•  This  report  has  not  yet  been  presented  to  the  Board  of  Direction,  but  is 
printed  here  for  the  information  of  the  membership.  The  members  of  the  American 
Society  of  Civil  Engineers  on  this  Committee  were  :  W.  H.  Burr,  J.  H.  Gregory,  and 
H.  N.  Latey. 
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Pl)l)oiutiiifi-  a  ooiniiiittec.  as  i)ro]i()S("d  in  tlio  foUowinf!:  constitution  and 
rules  of  ))roc'edure,  tu  carry  on   this  important  work. 

Constitution. 

1. — The  name  of  this  committee  shall  be  the  American  Engineer- 
ing  Standards  Committee,  hereinafter  referred  to  as  the  Main  Com- 
mittee. 

2. — The  object  of  this  committee  is  to  unify  and  simplify  the 
methods  of  arriving  at  engineering  standards,  to  insure  co-operation 
between  the  diiferent  societies,  and  to  prevent  duplication  of  work. 

3. — This  committee  shall  be  composed  of  three  representatives  from 
each  of  the  societies  mentioned  in  the  preamble  and  from  such  other 
societies  as  may  be  added  later,  the  appointments  to  be  made  by  the 
governing  bodies  of  the  respective  societies. 

4. — At  its  first  meeting  the  committee  shall  divide  itself  into  three 
groups,  to  serve  one,  two,  and  three  years,  one  representative  of  each 
society  to  be  in  each  group.  Each  year  after  the  first,  each  society 
shall  appoint  one  representative  to  serve  for  three  years.  Representa- 
tives may  be  reappointed.  A  vacancy  shall  be  filled  by  the  society  to 
which  the  retiring  representative  belonged. 

5. — Officers. — The  committee  shall  elect  annually  a  chairman  and 
vice-chairman  from  its  own  membership.  Officers  so  elected  shall 
serve  for  one  year,  or  until  their  successors  are  elected.  These  officers 
shall  not  serve  for  more  than  three  consecutive  terms.  Vacancies  may 
be  filled  by  election  at  any  regular  or  special  meeting,  providing  notice 
has  been  given  in  the  call  for  the  meeting. 

6. — The  committee  shall  elect  from  its  own  members  an  Executive 
Committee  of  not  less  than  five,  and  may  delegate  to  it  any  of  its 
powers,  except  that  of  approving  "Recommended  Practices"  and  "Amer- 
ican Standards."     (See  Paragraph  13.) 

7. — The  Executive  Committee  shall  engage  a  secretary  who  shall 
not  be  a  member  of  the  committee.  This  engagement  shall  be  made 
annually  within  three  months  of  the  annual  election. 

8. — Meetings. — The  committee  shall  hold'at  least  four  regular  meet- 
ings each  year  on  specified  dates.  It  may  hold  additional  meetings  at 
any  time  at  the  call  of  the  chairman  on  not  less  than  ten  days'  notice. 

9. — Quorum. — A  quorum  of  the  Main  Committee  for  the  trans- 
action of  business  shall  consist  of  at  least  two-thirds  of  the  member- 
ship of  the  committee.  A  quorum  of  the  Executive  Committee  shall 
be  not  less  than  a  majority. 

10. — Duties. — The  chief  duties  of  the  Main  Committee  shall  be: 
a. — To  receive  and  pass  upon  recommendations  for  standards  sub- 
mitted by    Sectional   Committees,   but   not  to   deal   with   the 
details   of  any  particular  standard; 
h. — To   formulate   rules   under   which   the   Sectional    Committees 

shall  be  constituted,  organized,  and  conduct  their  work; 
c. — To    maintain    a    central    office    in    the    United    Engineering 
Societies'  Building  in  New  York  with  a  paid  full-time  secre- 
tary, which  office  shall  also  serve  as  a  bureau  of  information. 
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11. — A  Sectional  Committee  is  a  committee  whose  personnel  or 
composition  has  been  approved  by  the  Main  Committee  as  being  suffi- 
ciently comprehensive  and  authoritative  to  prepare  a  particular  stand- 
ard, or  group  of  standards,  for  submission  to  the  Main  Comndttee. 
It  may  be :  the  standing  committee  on  Standards  of  an  individual 
"co-operating  society";  a  special  committee  appointed  by  a  "co-operat- 
ing society"  for  the  consideration  of  a  special  standard,  or  group  of 
standards,  within  the  obvious  field  of  that  society;  a  joint  committee 
appointed  by  two  or  more  societies ;  or  as  in  such  a  case  as  that  of  the 
American  Society  for  Testing  Materials,  the  society  itself. 

12. — The  term  "Co-operating  Society"  as  here  used  refers,  not  only 
to  any  one  of  the  societies  represented  on  the  Main  Committee,  but 
also  to  any  other  society,  a  Government  Technical  Body,  such  as  the 
Bureau  of  Standards,  or  an  Army  or  Navy  Construction  Board,  a 
Public  Service  Commission,  or  any  other  significant  body  vitally  con- 
cerned with  engineering  standards.  It  is  understood,  however,  that, 
as  far  as  relates  to  the  standards  proposed,  all  co-operating  societies 
shall  abide  by  the  rules  laid  down  by  the  Main  Committee. 

13. — Any  proposed  standard  submitted  to,  and  approved  by,  the 
Main  Committee  shall  be  known  as  "Recommended  Practice",  or  when, 
in  the  opinion  of  this  committee  it  has  proved  its  suitability,  it  shall 
be  recommended  as  an  "American  Standard." 

14. — The  approval  as  "Recommended  Practice"  of  any  standard 
submitted  to  the  Main  Committee  shall  require  the  affirmative  vote  of 
three-fourths  of  the  committee;  the  advance  of  status  from  "Recom- 
mended Practice"  to  "American  Standard"  sliall  require  an  affirmative 
vote  of  90%  of  the  Main  Committee.  Such  votes  may  be  by  letter- 
ballot.  Letter-ballots  may  be  ordered  at  any  regular  or  special  meet- 
ing of  the  Main  Committee. 

15. — Expenses. — As  soon  as  possible  after  its  organization  the  Main 
Committee  shall  make  an  estimate  of  its  expenses  for  the  first  year 
and  submit  it  to  the  governing  bodies  of  the  societies  represented  on 
the  Main  Committee  for  their  approval;  such  approval  includes  the 
pledge  of  each  society  for  such  share  as  may  be  agreed  upon.  After 
the  first  year  the  Main  Committee  shall  present  an  annual  budget  to 
the  governing  bodies  of  the  societies  represented,  not  later  than 
December  1st,  each  year. 

Punds  of  the  committee  shall  be  in  the  custody  of  the  secretary, 
who  shall  be  placed  under  suitable  bond,  and  shall  be  disbursed  by 
him  on  vouchers  signed  by  the  chairman  or  vice-chairman. 

16. — Amendments  must  be  proposed  in  writing  at  least  thirty  days 
before  the  meeting  of  the  Main  Committee  at  which  they  are  to  be 
voted  on.  If  passed  by  a  three-fourths  majority  of  those  present,  they 
shall  be  referred  to  the  Governing  Boards  of  all  the  societies  repre- 
sented in  the  Main  Committee,  and  shall  become  operative  only  when 
all  these  Boards  have  given  their  approval. 

Rules  of  Procedure. 

1. — Each  co-operating  society  shall  notify  the  Main  Committee  of 
the  names  and  affiliations  of  the  members  of,  and  the  field  covered  by, 
any  existing  or  proposed  committee  dealing  with  a  standard  of  any 
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Jcind.  It  shall  also  send  to  the  Main  Committee  not  less  than  twenty 
copies  of  each  standard  which  it  has  in  force. 

This  information  shall  be  assembled,  classified,  and  kept  up  to 
date  by  the  Secretary  of  the  Main  Committee,  and  sha-11  be  accessible 
at  any  time  to  each  of  the  co-operatinj2r  societies. 

2. — Any  proposal  for  a  particular  standard  or  group  of  standards 
shall  be  referred  to  the  Main  Committee,  which  shall  designate  an 
appropriate  sectional  committee  to  carry  on  the  work. 

3. — Composition  of  Committees: 

(a)  Sectional  Committees  dealing  with  standards  of  a  commercial 
character  (specifications,  shop  practices,  etc.),  shall  be  made 
up  of  representatives  of  producers,  consumers,  and  general 
interests,  no  one  of  these  interests  to  form  a  majority.  A 
producer  is  a  person,  or  the  representative  of  a  firm  or  corpo- 
ration, directly  concerned  in  the  production  of  the  commodity 
involved.  A  consumer  is  a  person,  or  the  representative  of  a 
firm  or  corporation,  that  uses  the  commodity  involved,  but  is 
not  directly  concerned  with  its  production.  General  interests 
include  independent  engineers,  educators,  and  persons  who 
are  neither  consumers  nor  producers,  as  defined  above. 

(h)  Sectional  Committees  dealing  with  standards  of  a  scientific 
or  non-commercial  character  shall  consist  of  persons  specially 
qualified,  without  regard  to  their  affiliations. 

4. — Sectional  Committees  may  consult  specialists,  or  obtain  any 
other  evidence  they  may  deem  advisable. 

5. — Every  report  of  a  Sectional  Committee  shall  include  a  list  of 
its  members,  with  a  statement  of  their  business,  professional,  and 
technical  society  affiliations.  The  final  vote  shall  be  stated  in  detail, 
and  attested  by  the  signature,  personal  or  authorized,  of  each  member 
voting. 

6. — Should  a  Sectional  Committee  be  unable  to  agree  on  a  report 
by  a  three-fourths  majority,  then  the  Main  Committee  may  request 
the  appointing  society  or  societies  to  discharge  it  and  appoint  a  new 
one;  or  the  Main  Committee  may,  with  the  approval  of  the  societies 
interested,  appoint  a  special  committee  to  hear  both  sides  and  present 
recommendations. 

7. — Co-operating  societies  shall  not,  in  their  publications,  use  the 
terms  "llecommended  Practice"  or  "American  Standard"  except  in 
connection  with  standards  that  have  received  the  approval  of  the  Main 
Committee. 

8. — "Kecommended  Practices"  and  "American  Standards"  approved 
by  the  Main  Committee  shall  be  copyrighted,  and  shall  be  printed  in 
the  official  publications  of  the  society  or  societies  proposing  them; 
tliey  shall  not  be  released  prior  to  such  publication. 

9. — Amendments  to  the  llules  of  Procedure  may  be  proposed  at  any 
meeting  of  the  Main  Committee,  and,  if  so  ordered,  shtill  be  sent  in 
lull  to  all  members  with  the  notice  of  a  subsequent  meeting  at  which 
they  may  be  voted  on.  A  three-fourths  affirmative  vote  of  those  present 
will  be  required  to  pass  an  amendment. 

C.  A.  Adams, 
June  19tii,  1917.  Chairman. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A,  M.  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 

Christmas  Day. 

FUTURE  MEETINGS 

September  sth,  191 7. —8.30  P.  M. — A  regular  business  meeting 
will  be  held,  and  a  paper  by  Floyd  A.  Nagler,  Jun.  Am.  Soc.  C.  E., 
entitled  "Obstruction  of  Bridge  Piers  to  the  Flow  of  Water",  will  be 
presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  May,  191Y. 

September  19th,  1917.— 8.30  P.  M. — At  this  meeting  a  paper  by  Ray 
W.  Berdeau,  Jun.  Am.  Soc.  C.  E.,  entitled,  "The  Three  15-Cubic  Yard 
Dipper  Dredges,  Oamboa,  Paraiso,  and  Cascadas,  as  Supplied  and  Used 
on  the  Panama  Canal",  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

October  3d,  1917. — 8.30  P.  M. — This  will  be  a  regular  business  meet- 
ing. A  paper  by  William  Barclay  Parsons,  M.  Am.  Soc.  C.  E.,  entitled 
"The  Cape  Cod  Canal",  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

SEARCHES    IN    THE    LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar  with 
the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

It  sometimes  happens  that  references  are  found  which  are  not 
readily  accessible  to  the  person  for  whom  the  search  is  made.  In  that 
case  the  material  may  be  reproduced  by  photography,  and  this  can 
be  done  for  members  at  the  cost  of  the  work  to  the  Society,  which  is 
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small.  This  method  is  particularly  useful  when  there  are  drawings  or 
figures  in  the  text,  which  would  be  very  expensive  to  reproduce  by 
hand. 

A  list  of  989  bibliographies  made  in  the  Library,  giving  the  cost 
of  each,  was  published  in  Vol.  LXXX  of  Transactions. 

Since  October  1st,  191G,  the  Library  of  the  American  Society  of 
Civil  Engineers  has  ceased  to  exist,  as  such,  having  been  merged  with 
the  Libraries  of  the  Mining,  Mechanical,  and  Electrical  Engineers, 
and  become  a  part  of  the  Library  of  the  United  Engineering  Society. 
There  were  67  000  accessions,  which  were  not  duplicates,  turned  over 
to  that  Librarv. 

Hereafter,  therefore,  requests  for  searches  should  be  addressed  to 
the  Librarian,  United  Engineering  Society,  29  West  39th  Street, 
New  York  City. 

PAPERS    AND    DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  char- 
acter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which,  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions  only  will  be  requested 
for  subsequent  publication  in  Proceedings  and  with  the  paper  in  the 
volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429  of  the  August, 
1913,  Proceedings. 

LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN   SOCIETY   OF   CIVIL   ENGINEERS 

San  Francisco  Association,  Organized  1905. 

J.  D.  Galloway,  President;  E.  T.  Thurston,  Secretary-Treasurer, 
57  Post  Street,  San  Francisco,  Cal. 
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The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with  banquet, 
and  weekly  informal  luncheons.  The  former  are  held  at  6  p.  M.,  at  the 
Palace  Hotel,  on  the  third  Tuesday  of  February,  April,  June,  August, 
October,  and  December,  the  last  being  the  Annual  Meeting  of  the 
Association. 

Informal  luncheons  are  held  at  12.30  p.  M.,  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

(Abstract  of  Minutes  of  Meetings) 

April  17th,  1917. — The  meeting  was  called  to  order  at  the  Palace 
Hotel;  President  Galloway  in  the  chair;  E.  T.  Thurston,  Secretary; 
and  present,  also,  87  members  and  guests. 

President  Galloway,  for  the  Committee  on  Military  Affairs,  reported 
the  successful  progress  of  lecture  courses  by  Army  officers,  and  also  in 
regard  to  enlistments  in  the  Officers'  Reserve  Corps. 

The  Committee  on  Past-President  Haehl's  Recommendations  for 
the  good  of  the  Association,  through  Mr.  W.  L.  Huber,  and  the  Com- 
mittee on  the  Frickstad  case,  through  Mr.  W.  J.  Allan,  reported 
matters  at  a  standstill. 

The  Committee  on  Civil  Service,  through  Mr.  J.  Newman,  reported 
that  the  Committee  was  unable  at  this  time  to  make  a  complete  report, 
but  Mr.  Newman  read  a  letter  addressed  to  the  Mayor  and  the  Board 
of  Supervisors  of  San  Francisco,  indicating  the  official  attitude  of  the 
Association  relative  to  the  salaries  of  civil  service  employes  of  that  city. 

The  Committee  on  Discussion  of  Society  Proceedings,  H.  D.  Dewell, 
Chairman,  reported  that  the  suggestion  that  special  meetings  in  alter- 
nate months  be  held  for  that  purpose,  had  been  considered,  and  asked 
for  an  expression  of  opinion  on  the  subject  on  the  part  of  the  meeting. 
The  Committee  was  continued,  and  ordered  to  present  a  definite  report 
at  the  next  meeting. 

The  Committee  appointed  to  oppose  and  prevent  the  passage  of  the 
proposed  Architects'  License  Law  before  the  State  Legislature,  through 
Mr.  C.  H.  Snyder,  presented  a  brief  report  of  the  Committee's  trip  to' 
Sacramento  and  its  temporary  success  in  having  the  measure  tabled 
in  the  Assembly  Committee.  Relative  to  this  matter,  the  Secretary 
reported  that  the  bill  had  been  again  taken  up  by  the  Assembly  Com- 
mittee and,  after  amendment,  had  been  passed  out  of  Committee  with 
favorable  recommendations.  The  Committee  of  the  Association  was 
continued  and  instructed  to  continue  its  efforts  against  the  bill  until 
the  adjournment  of  the  Legislature. 

The  Committee  on  Revision  of  Building  Laws  of  San  Francisco 
reported  progress,  through  Mr.  H.  J.  Brunnier. 

The  Secretary  announced  that  a  communication  from  the  St.  Louis 
Association  proposing  certain  amendments  to  the  Constitution  of  the 
Society  had  been  discussed  by  the  Board  of  Directors,  which  decided 
that  action  on  this  matter  be  delayed  pending  information  as  to  the 
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report  of  the  Committee  of  the  Society  on  Amendments  to  the  Con- 
stitution. He  also  announced  the  endorsement  by  the  St.  l^ouis  Asso- 
ciation of  the  suggestions  that  amendments  to  the  Constitution  be 
submitted  separately  for  informal  discussion  and  expression  of  opinion 
by  the  various  Associations  before  the  complete  document  is  submitted 
for  vote  to  the  membership  of  the  Society. 

President  Galloway  reported  that  he  had  received  a  communication 
from  the  Professional  Classes  War  Relief  Council,  Inc.,  requesting 
contributions  for  the  fund  for  the  relief  of  distressed  families  of  engi- 
neers in  Great  Britain  who  had  been  forced  out  of  employment  by  the 
war.  He  stated  that  the  Board  of  Directors  had  suggested  a  donation 
of  $100,  but  after  discussion,  on  motion,  duly  seconded,  the  contribu- 
tion of  the  Association  was  raised  to  $500. 

Communications  from  the  Navy  Yard,  Mare  Island,  relative  to 
applications  for  examinations  for  commissions  in  the  Civil  Engineers 
Corps  of  the  N'avy,  and  from  T.  C.  Desmond  and  Company,  New  York 
City,  relative  to  enlistment  of  engineers  in  the  proposed  volunteer  regi- 
ment to  be  organized  under  the  command  of  Colonel  Roosevelt  for 
immediate  service  in  France,  were  referred  to  the  Committee  on  Mili- 
tary Affairs. 

Mr.  W.  A.  Cattail,  Secretary  of  the  International  Engineering  Con- 
gress, read  an  interesting  statement  relative  to  the  origin,  development, 
and  finances  of  that  Congress. 

An  interesting  paper,  consisting  of  personal  reminiscences  of  work 
on  the  early  railroads  in  the  West,  entitled  "Fifty  Years  of  Railroad 
Development  in  the  Western  United  States",  by  Mr.  William  Hood, 
was  presented  by  the  author. 

Adjourned. 

June  ipth,  1917. — The  meeting  was  called  to  order  at  the  Palace 
Hotel;  President  Galloway  in  the  chair;  E.  T.  Thurston,  Secretary; 
and  present,  also,  48  members  and  guests. 

Messrs.  Beebee,  Holly,  and  McWethy  were  appointed  as  the  Enter- 
tainment Committee  for  the  August  meeting. 

President  Galloway,  of  the  Military  Affairs  Committee,  reported 
that  the  military  lectures  had  been  concluded  because  the  Army  officers 
were  otherwise  occupied.  Reports  in  behalf  of  the  Committees  on 
the  Frickstad  matter,  the  Civil  Service  Laws,  the  discussion  of  Society 
Proceedings,  and  the  Revision  of  Building  Laws  indicated  little  ac- 
tivity. The  President  reported  the  death  of  the  Architects'  License 
Bill.  The  organization  of  the  Engineering  Council  of  the  National 
Engineering  Societies  was  announced,  and  also  the  appointment  of 
Mr.  Galloway  as  one  of  the  five  members  from  the  American  Society 
of  Civil  Engineers. 

The  Secretary  read  a  communication  from  Mr.  L.  B.  Stilhvoll  in 
appreciation  of  the  contribution  of  the  Association  to  the  Professional 
Classes  War  Relief  Council  of  Great  Britain;  reported  having  made 
the  final  payment  on  the  new  Western  Pacific  Railroad  Corporation 
bond  subscription,  amounting  to  $580.25,  finally  establishing  the 
ownership  by  the  Association  of  one  $800  bond,  preferred  stock  to 
the  value  of  $1000,  and  common  stock  to  the  value  of  $1900;  and 
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announced  the  investment,  on  the  authority  of  the  Board  of  Directors, 
in  $200  worth  of  Liberty  Loan  bonds. 

As  there  remained  on  hand  a  surplus  of  $100  more  than  the 
anticipated  expenditures  for  the  year,  this  sum,  on  motion,  duly 
seconded,  was  donated  to  the  American  Red  Cross  War  Fund. 

George  W.  Howson,  Assoc.  M.  Am.  Soc.  C.  E.,  delivered  an  address 
on  "The  Development  of  the  Stanislaus  River,  with  Special  Reference 
to  Strawberry  Dam." 

The  subject  of  the  address  was  discussed  by  Messrs.  Galloway, 
Grunsky,  O'Shaughnessy,  and  Vensano. 

The  report  of  the  Committee  on  the  Relations  of  Local  Associations 
of  the  American  Society  of  Civil  Engineers  to  that  Society,  to  other 
Engineering  Organizations,  and  Engineers,  and  to  the  Public,  as 
published  in  the  Proceedings  for  May,  1917,  was  discussed,  and  dis- 
closed a  general  approval  of  the  report.  On  motion,  duly  seconded, 
it  was  unanimously  resolved  to  endorse  particularly  the  suggestion 
that  local  organizations  be  known  as  "Sections  of  the  American 
Society  of  Civil  Engineers"  instead  of  "Associations  of  Members  of 
the  American  Society  of  Civil  Engineers." 

Adjourned. 

Colorado  Association,  Organized  1908. 

Thomas  W.  Jaycox,  President;  L.  R.  Hinman,  Secretary-Treasurer, 
1400  West  Colfax  Avenue,  Denver,  Colo. 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  (Denver,  Colo.)  are  held  on  the 
second  Saturday  of  each  month,  except  July  and  August.  The  hour 
and  place  of  meeting  are  not  fixed,  but  this  information  will  be  fur- 
nished on  application  to  the  Secretary.  The  meetings  are  usually  pre- 
ceded by  an  informal  dinner.  Members  of  the  American  Society  of 
Civil  Engineers  will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays  at  12.30  p.  M.,  at  Daniel's 
and  Fisher's. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

(Abstract  of   Minutes   of   Meeting) 

April  Mill,  19 '7. — The  meeting  was  called  to  order  at  the  Denver 
Athletic  Club;  Vice-President  Follansbee  in  the  chair;  L.  R.  Hinman, 
Secretary;   and  present,  also,   14  members. 

The  minutes  of  the  meeting  of  March  10th,  1917,  were  read  and 
approved. 

The  Secretary  read  a  letter  from  Thomas  C.  Desmond,  Assoc.  M. 
Am.  Soc.  C.  E.,  requesting  distribution  of  information  relative  to  the 
Engineer  Regiment  in  the  proposed  Roosevelt  Division. 

For  the  Committee  on  Co-operation,  the  Secretary  outlined  the 
work  done  thus  far  in  the  attempt  of  the  various  engineering  societies 
of  Colorado  to  effect  a  satisfactory  joint  organization,  the  efforts  to 
date  having  been  instigated  by  the  Colorado   Scientific  Society. 

For  the  Committee  on  Roads  and  Highways,  Mr.  A.  E.  Palen 
presented  an  abstract  of  the  "Progress  Report  of  the   Special  Com- 
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niittee  on  Materials  for  Koad  Construction  and  on  Standards  for 
Their  Test  and  Use."  In  the  discussion  that  followed,  Messrs.  Phelps 
and  Comstock  took  part. 

On  motion,  duly  seconded,  it  was  decided  to  hold  a  special  meeting 
for  the  purpose  of  discussing  the  Standley  Lake  Dam,  and  also  for 
the  presentation  of  an  abstract  of  the  paper  entitled  "Multiple- Arch 
Dams  on  Rush  Creek,  California,"  by  L.  R.  Jorgensen,  M.  Am.  Soc. 
C.  E.,  by  the  Committee  on  Dams. 

Adjourned. 

Atlanta  Association,  Organized  19 12. 

Paul  H.  Norcross,  President;  Thomas  P.  Branch,  Secretary-Treas- 
urer, Georgia  School  of  Technology,  Atlanta,  Ga. 

The  Association  holds  its  meetings  at  the  University  Club,  Atlanta, 
Ga.  Regular  monthly  luncheon  meetings  are  held  to  which  visiting 
members  of  the  Society  are  always  welcome. 

Baltimore  Association,  Organized  1914. 

Mason  D.  Pratt,  President;  Charles  J.  Tilden,  Secretary-Treasurer, 
The  Johns  Hopkins  University,  Baltimore,  Md. 

Cleveland  Association,  Organized  1914. 

W.  J.  Watson,  President;  George  H.  Tinker,  Secretary-Treasurer, 
516  Columbia  Building,  Cleveland,  Ohio. 

Detroit  Association,  Organized   1916. 

T.  A.  Leisen,  President;  Clarence  W.  Hubbell,  Secretary;  2334 
Dime  Bank  Building,  Detroit,  Mich. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  December,  April,  and  October,  the  last  being  the  Annual 
Meeting. 

District  of  Columbia  Association,  Organized  1916. 

A.  P.  Davis,  President;  John  C.  Hoyt,  Secretary-Treasurer,  U.  S. 
Geological  Survey,  Washington,  D.  C. 

Duluth  Association,  Organized  1917. 

F.  E.  House,  President;  Walter  G.  Zimmermann,  Secretary,  Wolvin 
Building,  Duluth,  Minn. 

The  regular  meetings  of  the  Association  are  held  monthly.  The 
time  and  place  of  meetiilg  are  not  fixed,  but  this  information  will  be 
furnished  on  application  to  the  Secretary.  The  Annual  Meeting  is 
held  on  the  third  Monday  of  May. 

Illinois  Association,  Organized  1916. 

C.  F.  Loweth,  President,  Chicago,  111. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Monday  of  March,  June,  September,  and  December,  the  last  being  the 
Annual  Meeting.  The  hour  and  place  of  meeting  are  not  fixed,  but 
this  information  will  be  furnished  on  application  to  the  President. 
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Louisiana  Association,  Organized  1914. 

W.  B.  Gregory,  President;  Charles  W.  Okey,  Secretary,  Tulane 
University,  New  Orleans,  La. 

The  regular  meetings  of  the  Association  are  held  at  "The  Cabildo, 
New  Orleans,  La.,  on  the  first  Monday  of  January,  April,  July,  and 
October. 

Nebraska  Association,  Organized  1917. 

Frank  T.  Darrow,  President;  Homer  V.  Knouse,  Secretary-Treas- 
urer, 115  City  Hall,  Omaha,  Nebr. 

Regular  meetings  of  the  Association  are  held  on  the  first  Saturday 
of  each  month,  except  July  and  August,  and  at  such  places  as  may 
be  appointed  from  time  to  time  by  the  Executive  Committee.  The 
Annual  Meeting  is  held  in  Lincoln,  Nebr.,  on  the  second  Friday  in 
January. 

It  is  probable  that  frequent  luncheons  will  be  held  in  Omaha,  in 
addition  to  the  monthly  meetings,  at  which  visiting  members  will  be 
welcomed.  The  place  of  meeting  may  be  ascertained  by  communicating 
with  the  Secretary. 

(Abstract  of  Minutes  of  Meeting) 

June  2d,  1917. — The  meeting  was  called  to  order  at  8.00  p.  M., 
at  the  Paxton  Hotel,  Omaha,  Nebr. ;  Vice-President  Dobson  in  the 
chair;  Homer  V.  Knouse,  Secretary;  and  present,  also,  7  members 
and  3  guests.- 

The  minutes  of  the  two  preceding  meetings  were  read  and  approved, 
as  corrected. 

A  communication  from  E.  T.  Thurston,  Secretary  of  the  San  I'ran- 
cisco  Association,  pertaining  to  the  equitable  apportionment  of  Vice- 
Presidents  of  the  Society  among  the  various  Districts,  was  read  by 
the  Secretary. 

The  Secretary  presented  a  letter  from  Mr.  E.  G.  Haines  relative 
to  the  work  of  the  Society's  Special  Committee  on  the  Bearing  Value 
of  Soils. 

A  communication  from  Chas.  Warren  Hunt,  Secretary  of  the 
Society,  requesting  action  by  the  Association  on  the  relations  of  Local 
Associations  with  the  Society  and  with  other  Local  Associations 
and  clubs,  was  read  by  the  Secretary,  and  the  Chairman  called  the 
attention  of  the  Association  to  the  advisability  of  immediate  action. 

As  a  basis  for  discussion  of  the  subject,  the  Secretary  read  the 
Report  of  the  Committee  of  the  Board  of  Direction  on  the  Relation 
of  Local  Associations  of  the  American  Society  of  Civil  Engineers 
to  that  Society,  to  other  Engineering  Organizations  and  Engineers, 
and  to  the  Public,  as  published  in  the  Proceedings  for  May,  1917.* 

After  discussion  by  paragraphs,  on  motion,  duly  seconded,  the 
report  was  endorsed,  with  the  following  changes:  Under  the  sub- 
heading, "Local  Societies",  it  was  recommended  that  this  paragraph, 
read  as  follows:  "Local  Sections  should  affiliate  with  existing  Engi- 
neering Societies",  and  that  the  remainder  of  the  paragraph  be  omitted. 

*  Pages  327-330. 
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On  motion,  duly  seconded,  it  was  decided  as  desirable  that  District 
No.  10,  should  have  representation  in  the  office  of  Vice-President  of 
the  Society,  and  that  it  be  suggested  to  the  Nominating  Coimnittee 
to  nominate  Mr.  II.  S.  Crocker  as  a  candidate  for  that  office. 

On  motion,  duly  seconded,  the  Chairman  was  authorized  to  appoint 
a  Connnittee  of  the  Association  to  co-operate  with  the  Society's 
Special  Connnittee  on  the  Bearing  Value  of  Soils,  and  collect  data 
on  this  subject.  Messrs.  McClintock,  Mickey,  and  Arend  were  sub- 
sequently appointed  as  such  a  Committee. 

The  following  resolution,  to  be  presented  to  the  Hon.  Keith 
Neville,  Governor  of  Nebraska,  was  adopted: 

^']Yhereas,  the  five  American  Engineering  Societies  proffered  the 
United  States  Government  during  191G  their  services  in  making  an 
inventory  of  the  industrial  plants  and  resources  of  the  country,  which 
has  been  accomplished  in  a  creditable  manner,  and 

"WhereaSj  the  country  is  now  in  a  state  of  war  and  the  need  of 
further  industrial  inventory  or  of  other  assistance  is  probable;  there- 
fore be  it 

"Resolved,  that  the  Nebraska  Association  of  Members  of  the  Amer- 
ican Society  of  Civil  Engineers  at  the  regular  meeting  at  Omaha, 
Nebraska,  on  June  the  second,  nineteen  hundred  and  seventeen,  tender 
their  services,  collectively  or  individually,  to  the  State  for  such  duties 
as  your  Excellency  may  see  fit." 

Adjourned. 

Northwestern  Association,  Organized  I9i4' 

George  L.  Wilson,  President;  Ralph  D.  Thomas,  Secretary,  508 
South  First  Street,  Minneapolis,  Minn. 

Philadelphia  Association,  Organized   1913" 

Sanmel  T.  Wagner,  President;  C.  W.  Thorn,  Secretary,  1313  South 
Broad  Street,  Philadelphia,  Pa. 

The  regular  meetings  of  the  Association  are  held  at  the  Engineers' 
Club  of  Philadelphia,  1317  Spruce  Street,  on  the  first  Monday  in 
January,  April,  and  October,  the  last  being  the  Annual  Meeting. 

Portland,  Ore.,  Association,  Organized  1913. 

J.  P.  Newell,  President;  J.  A.  Currey,  Secretary,  194  North  13th 
Street,  Portland,  Ore. 

St.  Louis  Association,  Organized  19x4. 

J.  A.  Ockerson,  President;  Gurdon  G.  Black,  Secretary-Treasurer, 
34  East  Grand  Avenue,  St.  Louis,  Mo. 

The  meetings  of  the  Association  are  held  at  the  Engineers'  Club 
Auditorium,  the  Annual  Meeting  is  held  on  the  fourth  Monday  in 
November.  The  time  of  other  meetings  is  not  fixed,  but  this  informa- 
tion will  be  furnished  on  application  to  the  Secretary. 

San  Diego  Association,  Organized  i9<5' 

W.   J.  Gough,  President;   J.   P.   Comly,   Secretary-Treasurer,  4105 

Falcon  Street,  San  Diego,  Cal. 
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Seattle  Association,  Organized  1913. 

Joseph  Jacobs,  President;  Carl  H.  Reeves,  Secretary-Treasurer,  444 
Henry  Building,  Seattle,  "Wash. 

The  reg-ular  meetings  of  the  Association  are  held  at  12.15  p.  m.,  on 
the  last  Monday  of  each  month,  at  The  Frye  Hotel. 

(Abstract  of  Minutes  of  Meetings) 

April  30th,  1917. — The  meeting  was  called  to  order  at  12.15 
p.  M.,  at  The  Frye  Hotel;  President  Jacobs  in  the  chair;  Carl  H. 
Peeves,  Secretary;  and  present,  also,  18  members  and  guests. 

The  minutes  of  the  meeting  of  March  29th,  1917,  were  read  and 
approved. 

The  resignation  of  Mr.  L.  R.  Hjorth  as  a  member  of  the  Associa- 
tion was  presented  and  accepted. 

A  communication  from  the  Secretary  of  the  National  Conference 
on  City  Planning,  in  re  the  Annual  Conference  to  be  held  in  Kansas 
City,  Mo.,  on  May  Yth-8th,  1917,  was  read,  and  the  President  stated 
that  he  would  be  glad  to  give  proper  credentials  as  Delegate  to  any 
member  of  the  Association  who  could  attend  the  Conference. 

Mr.  John  L.  Hall,  President  of  The  Associated  Engineering 
Societies  of  Seattle  and  a  member  of  the  Executive  Committee  of  the 
Central  Council  for  Patriotic  Service,  presented  an  outline  of  the 
proposed  work  of  the  Council. 

Mr.  C.  N.  Kast,  Field  Engineer  with  the  Interstate  Commerce  Com- 
mission, on  railroad  valuation,  addressed  the  meeting  briefly  relative 
to  the  methods  and  objects  of  that  work. 

A  letter  from  Mr.  Thomas  C.  Desmond,  of  New  York  City,  relative 
to  the  Roosevelt  Division  for  service  in  France,  was  read,  and  the 
application  blanks  furnished  by  Mr.  Desmond  were  distributed  to 
those  present.  No  action  was  taken  by  the  Association  on  the  subject- 
matter  of  the  letter. 

Adjourned. 

May  28th,  1 917. — The  meeting  was  called  to  order  at  The  Frye 
Hotel;  President  Jacobs  in  the  chair;  Carl  H.  Reeves,  Secretary;  and 
present,  also,  23  members  and  guests. 

The  minutes  of  the  meeting  of  April  30th,  1917,  were  read  and 
approved. 

The  resignation  of  Mr.  Roy  E.  Smith  was  accepted. 

A  letter  from  Chas.  Warren  Hunt,  Secretary  of  the  Society, 
relating  to  the  report  of  a  committee,  appointed  by  the  Board  of 
Direction,  on  the  Relations  of  Local  Associations  of  the  American 
Society  of  Civil  Engineers  to  that  Society,  to  other  Engineering  Organi- 
zations, and  Engineers,  and  to  the  Public,  was  read  and  referred  to 
the  Committee  on  Relations  with  the  Parent  Society. 

Mr.  A.  H.  Fuller  presented  a  brief  outline  of  the  work  and  objects 
of  the  National  Research  Council,  and  stated  that  this  work  was  to 
be  done  in  connection  with  the  Council  for  the  National  Defense. 

On  motion,  duly  seconded,  it  was  ordered  that  all  members  of 
the  Association  who  have  become  affiliated  with  any  of  the  arms  of 
the   service   of  the   Government   in   connection   with   the   prosecution 
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of  the  war,  and  while  in  actual  service,  be  excused  from  the  pay- 
ment of  dues. 

Maj.  E.  J.  Dent,  IT.  S.  A.,  spoke  on  matters  in  relation  to  the 
work  of  the  Engineer  Corps  of  the  Army. 

W.  C.  Weeks,  M.  Am.  Soc.  C.  E.,  of  Union  Bay,  B.  C,  Canada, 
spoke  on  labor  and  other  conditions  in  British  Columbia. 

Adjourned. 

June  35th,  1017. — The  meeting  was  called  to  order  at  The  Frye 
Hotel;  President  Jacobs  in  the  chair;  Carl  H.  Reeves,  Secretary;  and 
present,  also,  24  members  and  guests. 

The  minutes  of  the  meeting  of  May  28th,  1917,  were  read  and 
approved. 

The  resignation  of  Mr.  W.  D.  Shannon  was  accepted. 

The  Committee  on  Relations  with  the  Parent  Society  presented 
an  oral  report  on  the  matter  affecting  Local  Associations,  as  presented 
in  the  Proceedings  for  May,  1917.  The  final  report  of  this  Committee 
was  called  for  the  July  meeting,  prior  to  which  time  the  Secretary- 
Treasurer  was  instructed  to  have  a  copy  of  the  report,  as  well  as 
the  Committee's  previous  report  on  similar  matters,  in  the  hands  of 
each  member. 

The  President  called  attention  to  the  proposed  revised  Constitution 
of  the  Society,  as  printed  in  the  Proceedings  for  May,  1917,  and 
appointed  Mr.  A.  H.  Dimock  to  review  the  matter  at  the  July  meeting, 
if  time  should  permit,  or  at  a  future  meeting. 

Adjourned. 

July  30th,  1917. — The  meeting  was  called  to  order  at  The  Frye 
Hotel;  President  Jacobs  in  the  chair;  O.  P.  M.  Goss,  acting  as  Sec- 
retary; and  present,  also,  15  members  and  guests. 

The  minutes  of  the  meeting  of  June  25th,  1917,  were  read  and 
approved. 

Mr.  A.  H.  Fuller  discussed  the  report  of  the  Committee  on  Rela- 
tions with  the  Parent  Society.  After  varioiis  phases  of  the  report  had 
been  discussed  by  Messrs.  Dimock,  Jacobs,  Rathbun,  Hall,  and  Howes, 
it  was  decided,  on  motion,  duly  seconded,  that  the  Committee  should 
modify  the  report  by  giving  reasons  for  the  adoption  of  various  para- 
graphs. On  motion,  duly  seconded,  it  was  decided  to  amend  the  first 
paragraph  to  express  the  idea  that  the  business  of  the  Annual  Meeting 
should  be  placed  in  the  hands  of  a  duly  elected  delegate  only. 

Mr.  A.  H.  Dimock  reviewed  the  proposed  new  Constitution  of  the 
Society. 

Adjourned. 

Southern  California  Association,  Organized  I9i4- 

H.  Hawgood,  President;  Wilkie  Woodard,  Secretary,  435  Consoli- 
dated Realty  Building,  Los  Angeles,  Cal. 

The  Southern  California  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  (Los  Angeles,  Cal.)  holds  regular  bi-monthly 
meetings,  with  banquet,  at  Hotel  Clark,  on  the  second  Wednesday  of 
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February,  April,  June,  August,  October,  and  December,  the  last  being 
the  Annual  Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  m.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  from  the  Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hos- 
pitality to  any  member  of  the  Society  who  may  be  temporarily  in 
Los  Angeles,  and  any  such  member  will  be  gladly  welcomed  as  a  guest 
at  any  of  the  meetings  or  luncheons. 

Spokane  Association,  Organized  1914. 

J.  C.  Ealston,  President;  B.  J.  Garnett,  Secretary,  City  Hall, 
Spokane,  Wash. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  each  month,  except  July  and  August.  The  hour  and  \)\ace 
of  meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
application  to  the  Secretary. 

Visiting  members  are  invited  to  attend  the  meetings  and  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

June  8th,  191 7. — The  meeting  was  called  to  order  at  the  University 
Club;  President  Ralston  in  the  chair;  B.  J.  Garnett,  Secretary. 

The  report  of  the  Committee  on  the  Post  Street  Bridge  Failure 
was  presented  and  adopted. 

The  question  of  the  relations  between  Local  Associations  and  the 
American  Society  of  Civil  Engineers  was  discussed. 

Adjourned. 

Texas  Association,  Organized   1913. 

John  B.  Hawley,  President;  J.  F.  Witt,  Secretary,  Dallas,  Tex. 

Utah  Association,  Organized  1916. 

George  L.  Swendsen,  President;  H.  S.  Kleinschmidt,  Secretary- 
Treasurer,  306  Dooly  Building,  Salt  Lake  City,  Utah. 

The  Annual  Meeting  of  the  Association  is  held  on  the  first  Wednes- 
day in  April.  The  time  of  other  meetings  is  not  fixed,  but  this  informa- 
tion will  be  furnished  on  application  to  the  Secretary. 

(Abstract  of  Minutes  of  Meeting) 

April  4th,  1917- — The  Annual  Meeting  was  called  to  order  at  the 
Newhouse  Hotel,  Salt  Lake  City,  Utah;  Vice-President  A.  F.  Doremus 
in  the  chair;  H.  S.  Kleinschmidt,  Secretary;  and  present,  also,  75  mem- 
bers and  guests. 

Ballots  for  officers  for  1917  were  canvassed,  and  resulted  in  the  elec- 
tion of  George  L.  Swendson,  President,  and  R.  C.  Gemmell,  Second 
Vice-President.  A  complete  list  of  the  officers  of  the  Association  for 
1917  is  as  follows:  George  L.  Swendsen,  President;  A.  F.  Doremus, 
First  Vice-President;  R.  C.  Gemmell,  Second  Vice-President;  H.  S. 
Kleinschmidt,  Secretary-Treasurer. 

Various  matters  of  interest  were  discussed,  and  in  the  evening  a 
joint  meeting  was  held  with  the  Utah  Society  of  Engineers.    After  an 


August,  1  ill 7. 1  ANNOUNCEMENTS  429 

informal  dinner,  a  stereopticon  lecture  was  jjivcn  by  J.  B.  Lippineott, 
M.  Am.  Soc.  C.  E.,  on  the  ''Los  Angeles  Aqueduct",  and  C.  F.  Browai, 
Assoc.  M.  Am.  Soc.  C.  E.,  addressed  the  meeting  on  ''Some  Unusual 
Problems  in  Drainage." 

Adjourned. 

MINUTES  OF  MEETINGS  OF 

SPECIAL  COMMITTEES 

TO  REPORT  UPON  ENGINEERING  SUBJECTS 

Special  Committee  to  Codify  Present  Practice  on  the  Bearing 
Value  of  Soils  for  Foundations,  etc. 

January  21st,  1917. — Tke  meeting  was  called  to  order  at  the 
office  of  Allen  Hazen,  ]\[.  Am.  Soc.  C.  E.,  New  York  City.  Present 
Robert  G.  Cummings  (Chairman),  Edwin  Duryea,  E.  G.  Haines, 
Allen  Hazen,  and  Walter  J.  Douglas  (Secretary). 

The  past  work  of  the  Committee  was  discussed,  and  general  plans 
for  the  future  were  made. 

Mr.  Hazen  suggested  that,  after  the  Classification  of  Soils  had 
been  determined,  and  during  the  completion  of  such  Classification,  the 
Committee  consider  its  work  on  the  basis  of  character  of  soil  troubles. 
After  discussing  the  subject  it  was  agreed  that  failures  would  be 
considered  along  the  following  lines,  which  would  be  used  as  a  general 
guide : 

(1). — Compression  of  the  soils,  divided  generally  as  follows: 

(a)  Breaking  edges  of  the  grain, 

(6)   Squeezing  out  of  water, 

(c)  Result  of  organic  inclusions. 
(2). — Second  general  classification  of  failure: 

Slipping.     Quicksand,  lubricants,  etc. 
(3). — Third  general  classification  of  failure: 

Chemical  changes. 

It  was  also  agreed  that  Mr.  Hazen  submit  a  proposed  classification 
along  these  lines  at  an  early  date. 

The  work  of  the  Committee  for  the  coming  year  is  to  include  a 
development  of  the  subject  along  the  lines  of  failure,  as  indicated 
in  the  foregoing  classification,  as  well  as  definitions  of  soils,  methods 
of  analyses,  and  reports  from  the  Sub-Committee  on  Earth  Pressures, 
including  apparatus  for  testing  the  bearing  capacity  of  soils,  a  report 
of  the  Sub-Committee  on  Piles,  and  a  report  on  existing  data  on 
the  bearing  capacity  of  earths. 

The  Committee  also  considered  whether  the  word  "earth"  should 
be  substituted  for  the  word  "soils",  that  is,  "the  bearing  capacity  of 
earth"  instead  of  "the  bearing  capacity  of  soils." 

April  19th,  1917. — The  meeting  was  c;illed  to  order  at  the  House 
of  the  Society  at  10.45  a.  m.  Present,  Robert  G.  Cummings  (Chair- 
man), Edwin  Duryea,  and  E.  G.  Haines  (Secretary  pro  tern.). 

The  minutes  of  the  meeting  of  January  21st,  1917,  were  read, 
and  after  some  discussion  of  the  last  paragraph,  were  approved  as 
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amended.  It  was  agreed  to  retain  the  word  '"soils"  as  defined  in  the 
Committee's  Report  presented  to  the  Annual  Meeting  of  January 
19th,  1916. 

Mr.  Haines  reported  that  since  November,  1916,  Sub-Committee 
"E"  had  sent  out  1  200  letters  to  engineers,  requesting  records  of  tests 
for  lateral  pressures,  with  the  following  results: 

Letters    sent    out 1 200 

No    replies 1  004 

Replies   with   no   records 131 

Replies    suggesting   possible    sources    of 

information    52 

Replies  with  information  furnished....         13 

Totals    1200    1200 

After  discussion,  it  was  decided  not  to  continue  the  investigation 
any  further,  at  least  at  present,  except  to  follow  up  the  replies  sug- 
gesting possible  sources  of  information. 

The  Committee,  it  was  reported,  had  on  hand  considerable  infor- 
mation received  at  various  times  from  various  sources,  much  of  which 
is  of  great  value.  It  was  decided  that  abstracts  of  such  information 
should  be  prepared  by  the  Secretary  to  be  printed  as  an  Appendix 
to  the  Progress  Report  of  1917. 

Mr.  Haines  presented  the  results  of  some  experiments  with  the 
soil  testing  apparatus  furnished  by  Mr.  Cummings,  and  stated  that, 
judging  from  the  results  of  these  tests,  and  after  certain  changes 
had  been  made  which  would  permit  of  a  greater  range  of  pressures 
and  bearing  areas,  and  also  provide  for  applying  pressures  over  a 
longer  interval  of  time,  the  instrument  was  capable  of  being  developed 
into  a  practical  form  which  could  be  used  to  advantage. 

Mr.  Cummings  presented  a  letter  dated  April  6th,  1917,  from 
John  H.  Griffith,  M.  Am.  Soc.  C.  E.,  Chairman  of  the  Sub-Committee 
on  Soils  of  the  Bureau  of  Standards.  This  letter  contained  much  that 
was  of  intei'est  relative  to  the  work  of  the  Committee,  and  the  Chair- 
man was  instructed  to  send  copies  of  it  to  each  member  of  the  Board 
of  Direction  of  the  Society. 

Mr.  Cummings  reported  that  Professor  J.  Hammond  Smith,  of 
the  University  of  Pittsburgh,  would  design,  at  no  cost  to  the  Society, 
a  full-sized  testing  apparatus,  similar  in  principle  to  his  smaller 
apparatus,  for  determining  pressures  on  granular  materials. 

The  matter  of  practical  field  tests  for  determining  the  bearing 
value  of  soils  was  discussed,  and  it  was  decided  that  such  tests  should 
be  made  on  the  basis  of  1  sq.  ft.  of  area,  the  testing  area  to  be  in 
the  form  of  a  circle,  and  that  the  tested  areas  should  be  below  the 
surrounding  surface,  or  otherwise  restrained.  Mr.  Haines  agreed  to 
prepare  a  tentative  sketch  of  a  practical  field  testing  apparatus  to 
comply   with  the  requirements. 

Mr.  Hazen's  paper  on  the  reasons  for  soil  failures  was  discussed 
in  detail  and  certain  changes  were  suggested.  It  was  then  agreed 
that  copies  of  all  written  discussions  by  members  of  the  Committee 
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sliould   he   sent   direct   to   each   member   of   the   Committee,    inchulinjj: 
the  President  of  the  Society. 

The  meeting  was  adjourned  at  6  p.  m.  subject  to  the  call  of  the 
Chair. 

Special  Committee  on  iVlaterials  for  Road  Construction 

May  5th,  1917.— 1'he  meeting  was  called  to  order  at  9.15  a.  m.; 
at  the  House  of  the  Society.  Present,  W.  W.  Crosby  (Chairman), 
A.  W.  Dean,  Charles  J.  Tilden,  George  W.  Tillson,  and  A.  H.  Blan- 
chard  (Secretary). 

The  minutes  of  the  meeting  of  February  22d,  1917,  were  read  and 
approved. 

Plans  for  the  drafting  of  a  Final  Report  to  be  presented  at  the 
Annual  Meeting  of  the  Society  in  January,  1918,  were  adopted,  and 
fourteen  sub-committees  were  appointed  to  prepare  preliminary  drafts 
of  the  several  sub-divisions  of  the  report. 

On  motion,  the  Committee  adjourned  to  meet  at  9  a.  m.,  on  Satur- 
day, May  19th,  1917,  at  the  House  of  the  Society. 

May  19th,  1917. — The  meeting  was  called  to  order  at  the  Society 
House  at  9.30  a.  m.  Present,  W.  W.  Crosby  (Chairman),  H.  K.  Bishop, 
A.  W.  Dean,  Xelson  P.  Lewis,  and  A.  H.  Blanchard  (Secretary). 

The  minutes  of  the  meeting  of  May  5th,  1917,  were  approved. 

On  motion,  duly  seconded,  it  was  decided  that  the  Reports  of  Sub- 
Committees  on  Introduction,  General  Principles  Concerning  Materials 
and  Their  Use  to  be  Observed  in  Framing  Specifications  for  Pave- 
ments and  Road  Crusts,  Asphalt  Block  Pavements,  Bituminous  Con- 
crete Pavements,  and  Bituminous  Macadam  Pavements,  be  accepted 
tentatively,  be  referred  back  to  the  several  sub-committees,  be  revised, 
including  the  addition  of  amendments  adopted,  and  that  copies  of  the 
revised  reports  be  forwarded  by  each  Sub-Committee  to  each  member 
of  the  Committee  not  later  than  one  week  prior  to  the  date  to  be 
hereafter  set  for  the  consideration  of  the  final  draft  of  the  1918  Report. 

On  motion,  duly  seconded,  the  Committee  adjourned  to  meet  at 
9  a.  m.,  on  Monday,  June  18th,  1917,  at  the  House  of  the  Society. 

June  i8th,  1917. — The  meeting  was  called  to  order  at  the  House 
of  the  Society  at  9.45  a.  m.  Present,  W.  W.  Crosby  (Chairman),  A.  W, 
Dean,  Nelson  P.  Lewis,  and  A.  H.  Blanchard  (Secretary). 

The  minutes  of  the  meeting  of  May  19th,  1917,  were  approved. 

On  motion,  duly  seconded,  it  was  ordered  that  the  following 
reports  of  Sub-Committees  be  tentatively  accepted,  be  referred  back 
to  the  several  sub-committees,  be  revised,  including  the  addition  of 
amendments  adoi^ted,  and  that  copies  of  the  revised  reports  be  for- 
warded by  each  Sub-Committee  to  each  member  of  the  Committee  not 
later  than  one  week  prior  to  the  date  to  be  hereafter  set  for  the  con- 
sideration of  the  final  draft  of  the  1918  Rep<irt: 

Report  on  "Brick  Pavements";  report  on  section  of  ''General  Con- 
clusions" covering  "Bituminous  and  Non-Bituminous  Materials";  re- 
port on  "Broken  Stone  Roads";  report  on  "Earth  and  Sand-Clay 
Roads";  and  report  on  "'Sheet-Asphalt  Pavements". 
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On  motion,  duly  seconded,  it  was  ordered  that  each  report  on  a 
specific  type  of  road  or  pavement  begin  with  an  introductory  paragraph 
containing  references  to  those  sections  under  "General  Conclusions" 
which  pertain  to  details  of  construction  of  the  given  type  of  road  or 
pavement  to  which  the  report  refers. 

On  motion,  duly  seconded,  it  was  ordered  that  the  Sub-Committee 
on  Broken  Stone  Roads  with  Bituminous  Surfaces  be  discontinued, 
and  that  Mr.  A.  W.  Dean  be  appointed  a  sub-committee  on  Bitumi- 
nous Surface  Treatments,  and  be  requested  to  submit  the  report  at 
the  next  meeting  of  the  Committee. 

On  motion,  the  Committee  adjourned  to  meet  at  9  a.  m.  on  Monday, 
July  9th,  1917,  at  the  House  of  the  Society. 

July  pth,  1917. — The  meeting  was  called  to  order  at  the  House  of 
the  Society,  at  9.45  a.  m.  Present,  Nelson  P.  Lewis  (Chairman  pro 
tern.),  Charles  J.  Tilden,  George  W.  Tillson,  and  Arthur  H.  Blanehard 
(Secretary). 

The  minutes  of  the  meeting  of  June  18th,  1917,  were  approved. 

On  motion,  duly  seconded,  it  was  decided  that  the  Reports  of 
the  Sub-Committees  on  Cement-Concrete  Pavements,  Gravel  Roads, 
Stone  Block  Pavements,  Wood  Block  Pavements,  Analyses  and  Tests 
of  Bituminous  Materials,  and  Analyses  and  Tests  of  Non-Bituminous 
Materials,  be  tentatively  accepted,  referred  back  to  the  several  sub- 
committees, be  revised,  including  the  addition  of  amendments  adopted, 
and  that  copies  of  the  revised  reports  be  forwarded  by  each  Sub- 
Committee  to  each  member  of  the  Committee  not  later  than  one  week 
prior  to  the  date  to  be  hereafter  set  for  the  consideration  of  the  final 
draft  of  each  Sub-Committee  report. 

On  motion,  duly  seconded,  it  was  agreed  that  the  Sub-Committee 
on  Forms  be  requested  to  present,  in  its  Final  Report,  one  form,  to 
be  an  historical  record  of  construction  applicable  to  all  types  of  roads 
and  pavements  and  similar  in  character  to  that  included  as  Appendix  A 
in  the  Progress  Report  of  the  Committee  for  1916. 

On  motion,  duly  seconded,  it  was  decided  that  the  order  of  business 
for  the  next  meeting  of  the  Committee  be  as  follows:  Preliminary 
report  of  the  Sub-Committee  on  Bituminous  Surface  Treatments; 
Preliminary  reports  of  the  Sub-Committees  on  Definitions;  Final 
report  of  the  Sub-Committee  on  Forms;  Final  report  of  the  Sub- 
Committee  on  Introduction,  General  Conclusions  and  General  Prin- 
ciples. 

On  motion,  duly  seconded,  the  Committee  adjourned  to  meet  at 
9.30  A.  M.,  on  Monday,  August  27th,  1917,  at  the  House  of  the  Society. 

Special  Committee  on  Steel  Columns  and  Struts 

June  1 8th,  1917. — The  meeting  was  called  to  order  at  the  House 
of  the  Society  at  10.15  A.  m.  Present,  Lewis  D.  Rights  (Chairman), 
Joseph  R.  Worcester,  George  F.  Swain,  and  Clarence  W.  Hudson 
(Secretary).  Professor  Nelson,  of  the  Bureau  of  Standards,  was  also 
present. 

Professor  Nelson  reported  that  28  specimen  tests  of  the  material 
of  the  tested  columns  had  been  made  since  the  meeting  of  January 


Aujjust,  1!)17.1  ANNOUNCEMEXTS  433 

ITtli.  This  luiinber,  with  those  made  previous  to  that  meeting,  gives 
a  total  of  130  tests  of  such  column  material. 

Professor  Nelson  also  stated  that  the  Bureau  was  very  busy  with 
Government  work,  and  that  little,  if  any,  work  could  be  expected 
on  the  Committee's  sujiplementary  tests. 

The  Committee  recj nested  Professor  Nelson  to  look  up  the  reports, 
of  the  Bureau  of  Standards  in  Pittsburgh,  on  the  material  used  in 
colunms.  Type's  1,  la,  4,  4o,  5,  5a,  and  5?)^  and  see  if  it  met  the 
specifications. 

On  motion,  duly  seconded,  the  work  of  the  Sub-Committee,  con- 
sisting of  the  Chairman  and  Secretary,  in  preparing  the  drawing  of 
the  stress-strain  curves,  showing  the  determination  of  the  useful  limit 
point  of  the  colunms  tested,  was  approved. 

On  motion,  duly  seconded,  the  Chairman  and  Secretary  were  in- 
structed to  draw  up  a  final  report  and  submit  it  to  the  members  of 
the  Committee  for  discussion  and  approval. 


PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms,  and  at  all  meetings: 

American  Institute  of  Electrical  Engineers,  25  West  Thirty- 
ninth  Street,  Ncav  York  City. 

American  Institute  of  Mining  Engineers,  25  West  Thirty-ninth 
Street,  New  York  City. 

American  Society  of  Mechanical  Engineers,  25  West  Thirty-ninth 
Street,  New  York  City. 

Assogiacao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 

Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 
Australia. 

Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 
Mass. 

Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 

Canadian  Society  of  Civil  Engineers,  176  Mansfield  Street,  Mon- 
treal, Que.,  Canada. 

Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 

Cleveland  Engineering  Society,  Chamber  of  Commerce  Building, 
Cleveland,  Ohio. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 

Dansk  Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 

Detroit  Engineering  Society,  46  Grand  River  Avenue,  West, 
Detroit,  Mich. 

Engineering  Association  of  Nashville.  Commercial  Club  Building, 
Nashville,  Tenn. 
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Engineers  and  Architects  Club  of  Louisville,  1412  Starks  Build- 
ing, Louisville,  Ky. 

Engineers'  Club  of  Baltimore,  6  West  Eager  Street,  Baltimore,  Md. 

Engineers'  Club  of  Kansas  City,  E.  B.  Murray,  Secretary,  920  Wal- 
nut Street,  Kansas  City,  Mo. 

Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minne- 
apolis, Minn. 

Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadel- 
phia, Pa. 

Engineers'  Club  of  St.  Louis,  3S17  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 
Canada. 

Engineers'  Club  of  Trenton,  Trent  Theatre  Building,  12  North 
Warren  Street,  Trenton,  N.  J. 

Engineers'  Society  of  Northeastern  Pennsylvania,  415  Washing- 
ton Avenue,  Scranton,  Pa. 

Engineers'  Society  of  Pennsylvania,  31  South  Front  Street, 
Harrisburg,  Pa. 

Engineers'  Society  of  Western  Pennsylvania,  568  Union  Arcade 
Building,  Pittsburgh,  Pa. 

Florida  Engineering  Society,  J.  R.  Benton,  Secretary,  Gainesville, 
Fla. 

Institute  of  Marine  Engineers,  The  Minories,  Tower  Hill,  Lon- 
don, E.,  England. 

Institution  of  Civil  Engineers,  Great  George  Street,  Westminster, 
S.  W.,  London,  England. 

Institution  of  Engineers  of  the  River  Plate,  Calle  25  de  Mayo  195, 
Buenos  Aires,  Argentine  Republic. 

Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 
England. 

Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 
S.  W.,  London,  England. 

Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 

Louisiana  Engineering  Society,  State  Museum  Building,  Chartres 
and  St.  Ann  Streets,  New  Orleans,  La. 

Memphis  Engineers'  Club,  Memphis,  Tenn. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Slieffield,  England. 

Montana  Society  of  Engineers,  Butte,  Mont. 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
Newcastle-upon-Tyne,  England. 

Oregon  Society  of  Civil  Engineers,  Portland,  Ore. 

Pacific  Northwest  Society  of  Engineers,  803  Central  Building, 
Seattle,  Wash. 

Rochester  Engineering  Society,  Rochester,  N.  Y. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 
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Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 

Societe  des  Ingenieurs  Civils  de  France,  19  rue  Blanche,  Paris, 
Franco. 

Society  of  Engineers,  IT  Victoria  Street,  Westminster,  S.  W., 
London,  England. 

Svenska  Teknologforeningen,  Brunkebergstorg  18,  Stockholm, 
Sweden. 

Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Vermont  Society  of  Engineers,  George  A.  Reed,  Secretary. 
^lontpelier,  Vt. 

Western  Society  of  Engineers,  1737  Monadnock  Block,  Chi- 
cago, IlL 
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ACCESSIONS  TO  THE 
UNITED  ENGINEERING  SOCIETY  LIBRARY 

(From  April  3d  to  July  10th,  1917) 

DONATIONS* 

The  statements  made  in  these  notices  are  taken  directly  from  the  book 

itself,  and  this  Society  is  not  responsible  for  them. 

DOCUMENTS   GOVERNING    THE   CONSTRUCTION   OF   A    BRIDGE: 

Including  a  Reprint  of  the  Specifications,  Proposal,  Contract  and 
Bond  of  the  Colunihia  River  Interstate  Bridge,  a  Description  of  the 
Structure,  and  a  Discussion  of  the  Function  of  Specifications.  By 
E.  E.  Howard.  N.  Y.,  John  Wiley  &  Sons;  Loud.,  Chapman  &  Hall, 
Ltd.,  1916.     113  pp.,  8  X  11  in.,  1  pi.,  paper.    $1.00. 

These  specifications  have  been  printed  in  booli  form  with  the  thought  that  they 
may  be  of  value  in  suggesting  satisfactory  substance  and  arrangement  for  lilce  docu- 
ments, being  the  product,  the  author  states,  of  a  variety  of  experiences,  of  technical 
opinions  and  engineering  judgments  reached  only  after  years  of  practice. 

SPONS'  ELECTRICAL  POCKET=BOOK: 

A   Reference   Book   of   General  Electrical   Information,   Formulae 

and  Tables  for  Practical  Engineers.  By  Walter  H.  Molesworth.    N.  Y., 

Spon  &  Chamberlain;  Lond.,  E.  &  F.  N.   Spon,  Ltd.,  1916.     488  pp., 
4x7  in..  325  illus..  cloth.     $2.00. 

This  book  has  been  written  for  practical  engineers,  and  it  has  been  the  aim  to 
treat  all  subjects  concisely  and  to  avoid  intricate  mathematics.  Full  metric  con- 
version tables  have  been  inserted. 

ELECTRICAL  MEASURSEMENTS  IN  PRACTICE. 

By  Malcolm  Farmer.  N.  Y.,  McGraw-Hill  Book  Co.,  Inc.;  Lond., 
Hill  Publishing  Co.,  Ltd.,  1917.  12  +  359  pp.,  230  illus.,  6  x  9  in. 
$4.00. 

Intended  to  present  the  subject  in  a  simple  practical  manner,  from  the  point  of 
view  of  engineers  actively  engaged  in  making  measurements,  tests  and  investigations 
in  the  electrical  industry.  All  classes  of  measurements  ordinarily  made  in  the 
laboratory  or  by  the  testing  engineer  are  included. 

CENTRAL-STATION  ELECTRIC  SERVICE: 

Its  Commercial  Development  and  Economic  Significance  as  Set 
Forth  in  the  Public  Addresses  (1897-1914)  of  Samuel  Insull.  Edited, 
with  an  Introduction,  by  William  Eugene  Kelly.  Chic,  privately 
printed,  1915.  39  +  495  pp.,  9x6  in.,  105  illus.,  36  pi.,  cloth.  (Gift 
of  the  author.) 

A  collection  of  forty  speeches  bearing  on  central  station  electric  service,  delivered 
by  the  author  between  1897  and  1914.  The  editor  states  that  these  addresses  are  the 
work  of  one  who  has  led  the  way  to  new  conceptions  of  the  economic  functions  of 
central  station  electric  service,  and  that  much  information  of  historical  value,  some  of 
it  never  before  pulilished,  is  scattered  through  the  book. 

THE  POWER  KINK  BOOK: 

Novel  Ideas  and  Simple  Devices  for  Meeting  Emergencies  in  the 
Power  Plant,  Compiled  from  the  Regular  Issues  of  Power.  N.  Y., 
Power,  1917.     146  pp.,  147  illus.,  6x9  in.,  boards.     $1.75. 

A  collection  of  methods  devised  by  power  plant  engine  runners  and  machinists  for 
making  repairs,  overcoming  difficulties,  and  preventing  accidents.  The  methods  are 
classified  into  appropriate  groups  and  clearly  illustrated  by  numerous  drawings  and 
sketches. 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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ARTIFICIAL   ELECTRIC   LINES: 

Tlu'ir  Theory,  !^[()de  of  Construction  and  Uses.  By  A.  E.  Kcnnclly. 
N.  Y.,  .McGraw-Hill  Book  Co.,  Inc.;  Lond.,  Hill  Publishing  Co.,  Ltd.. 
1917.     ;54>s  i)p.,  117  illus.,  0x9  in.,  cloth.    $4.00.     (Gift  of  the  author.) 

Intended  as  a  text-book  for  engineering-laboratory  students  and  as  a  reference 
book  for  students  of  eleetric  transmission  in  general.  Based  on  the  author's  "The 
Application  of  Hyperbolic  Functions  to  Electrical  Engineering  Problems."  Restricted 
almost  entirely  to  the  phenomena  of  the  steady  state. 

STORAGE    BATTERIES    SIMPLIFIED: 

Operating  Principles — Care  and  Industrial  Applications;  a  Com- 
plete, Non-technical  but  Authoritative  Treatise  Discussing  the  Devel- 
opment of  the  Modern  Storage  Battery,  Outlining  the  Basic  Operation 
of  the  Leading  Types,  also  the  Methods  of  Construction,  Charging, 
Maintenance  and  Kepair.  All  Practical  Applications  of  Commercial 
Batteries  are  Shown  and  Described.  By  Victor  W.  Page.  208  pp.,  89 
illus.,  5x8  in.,  cloth.     $1.50. 

Special  instructions  for  care  and  repair  of  automobile  batteries  and  a  glossary  of 
terms  are  included. 

TELEGRAPHY: 

A  Detailed  Exposition  of  the  Telegraph  System  of  the  BritisLi  Post 
Office.  3d  ed.  rev.  and  enl.  N.  Y.,  The  Macmillan  Co. ;  Lond.,  Whit- 
taker  &  Co.,  1916.     20  4-  985  pp.,  630  illus.,  7^  x  5  in.,  cloth.     $3.50. 

Intended  as  a  detailed  exposition  of  the  telegraph  practice  of  the  British  Post 
OflBce  and  for  students.  Mathematics  Is  avoided.  This  edition  has  been  revised  to 
include  the  latest  practice  and  to  correct  errors. 

A   WONDERFUL  FIFTY  YEARS. 

By  Edwin  T.  Holmes.  Privately  published  (copyright  1917).  133 
pp.,  55  illus.,  6x9  in.,  cloth.     (Gift  of  the  author.) 

Personal  reminiscences  of  the  development  of  electrical  communication  from 
1866  to  1916.  during  which  time  the  author  has  been  connected  with  the  telegraph, 
telephone  and  electrical  protective  signaling  industries  of  the  country.  Contains 
many  interesting  illustrations,  reproductions  of  documents,  and  letters  of  historic 
interest. 

THE  NAVAL  ARCHITECTS'  AND  SHIPBUILDERS'   POCKET-BOOK 

Of  Formulae,  Rules,  and  Tables:  And  Marine  Engineers'  and 
Surveyors'  Handy  Book  of  Reference.  By  Clement  Mackrow  and  Lloyd 
Woodland.  11th  ed.  thoroughly  rev.,  with  a  Section  on  Aeronautics. 
N.  Y.,  The  Norman  W.  Henly  Publishing  Co.,  1916.  12  +  742  pp., 
6x4  in.,  150  illus.,  flexible  leather.    $5.00. 

The  continual  development  of  the  science  of  naval  architecture  and  the  tendency 
towards  standardization  and  regulation  of  parts  of  the  structure  and  equipment  of 
ships  have  created  a  need,  the  authors  state,  for  a  new  edition  of  this  work.  Then- 
object  has  been,  as  in  former  editions,  to  condense  into  a  compact  form  all  the  data 
and  formulas  ordinarily  required  by  the  shipbuilder  or  naval  architect.  A  new  section 
on  Speed  and  Horse-Power  has  been  inserted,  together  with  a  brief  description  of 
modern  methods  of  powering  and  determining  forms  suitable  from  a  propulsive  stand- 
point;  the  sections  on  Strength  of  Materials,  Riveted  Joints  and  Stn  sses  in  Ships  have 
been  considerably  extended  :  information  on  British  standard  sections,  screws,  keys, 
etc.,  has  been  added  as  well  as  two  new  sections  on  aeronautical  matters.  The  remain- 
ing subjects  treated,  which  were  also  in  previous  editions,  have  been  brought  com- 
pletely  up   to   date. 

PRACTICAL  MARINE  ENGINEERING; 

For  ^farine  Engineers  and  Students,  with  Aids  for  Applicants  for 
^larine  Engineers'   Licenses.     By   Capt.   C.   W.  Dy.son.     4th  ed.   rev. 


438  ACCESSIONS  TO  THE   LIBEARY  [Society  Affairs. 

and  enl.     N".  Y.,  Marine  Engineering,  1917.     16  +  982  pp.,  500  illus., 

6x9  in.,  cloth.     $6.00. 

A  simple  and  fairly  complete  treatise,  intended  for  operative  engineers,  and  hence 
paying  especial  attention  to  the  construction,  operation,  management,  and  care  of 
marine  machinery.      The  use  of  higher  mathematics  is  avoided. 

MOTOR  BOATS,  HYDROPLANES,  HYDROAEROPLANES; 

Construction  and  Operation,  with  Practical  Notes  on  Propeller 
Calculation  and  Design;  An  Illustrated  Manual  of  Self  Instruction 
for  O'vvners  and  Operators  of  Marine  Gasoline  Engines  and  Amateur 
Boat-Builders.  By  Thomas  H.  Russell,  with  Revisions  and  Extensions 
by  John  B.  Rathbun.  Chic,  Charles  C.  Thompson  Co.,  1917.  251  pp., 
106  illus.,  5x8  in.,  cloth.     $1.00. 

Practical,  non-mathematical  handbook.  Directions  for  building  motor-boats  are 
given,  together  with  information  concerning  the  various  available  types  of  motors  and 
detailed  instruction  for  their  installation  and  operation. 

MECHANICAL  MOVEMENTS,   POWERS,   AND  DEVICES; 

A  Treatise  Describing  Mechanical  Movements  and  Devices  Used 
in  Constructive  and  Operative  Machinery  and  the  Mechanical  Arts, 
Being  Practically  a  Mechanical  Dictionary,  Commencing  with  a  Rudi- 
mentary Description  of  the  Early  Knowii  Mechanical  Powers  and 
Detailing  the  Various  Motions,  Appliances  and  Inventions  Used  in 
the  Mechanical  Arts  to  the  Present  Time.  Including  a  Chapter  on 
Straight  Line  Movements.  Bv  Gardner  D.  Hiscox.  N.  Y.,  The 
Norman  W.  Henley  Publishing  Co.,  1917.  409  pp.,  1  800  illus.,  6x9 
in.,  cloth.    $3.00. 

This  edition  is  enlarged  by  the  addition  of  over  one  hundred  and  sixty  new 
mechanical  movements  and  devices,  and  contains  a  total  of  sixteen  hundred  and  slxty- 
flve  examples. 

MECHANICAL    APPLIANCES,    MECHANICAL    MOVEMENTS    AND    NOVELTIES    OF 
CONSTRUCTION. 

By  Gardner  D.  Hiscox.  4th  ed.  enl.  N.  Y.,  The  Norman  W. 
Henley  Publishing  Co.,  1917.  396  pp.,  1000  illus.,  6x9  in.,  cloth. 
$3.00. 

A  companion  volume  to  the  author's  "Mechanical  Movements,  Powers  and 
Devices,"  in  which  the  special  requirements  of  various  arts  and  manufactures  are 
considered,  and  more  detailed  explanations  of  the  devices  are  given.  Includes  a 
chapter  on  perpetual  motion,  illustrating  many  types  of  perpetual  motion  machines. 

STEAM   POWER. 

By  C.  E.  Hirshfeld  and  T.  C.  Ulbricht.  N.  Y.,  John  Wiley  &  Sons, 
Inc. ;  Lond.,  Chapman  &  Hall,  Ltd.,  1916.  8  +  420  pp.,  8x5  in.,  91 
illus.,  cloth.    $2.00. 

An  attempt  to  collect  in  a  comparatively  small  book  such  parts  of  the  field  of 
steam  power  as  should  be  familiar  to  engineers  whose  work  does  not  require  that  they 
be  conversant'  with  the  more  complicated  thermodynamic  principles  considered  in 
advanced  treatments.  Mathematical  treatment  of  the  subject  has  been  eliminated  to 
the  greatest  possible  extent.  Intended  for  use  as  a  text-book  by  students  of  civil  engi- 
neering and  in  teaching  power  plant  operators. 

STEAM    PIPING: 

Its  Economical  Design  and  Correct  Layout.  By  A.  Langstaff 
Johnston,  Jr.  N.  Y.,  The  Engineering  Magazine  Co.,  1916.  6  +  62 
pp.,  5x8  in.,  3  illus.,  4  diagrams,  cloth.     $2.00. 

Consolidated  and  revised  from  a  series  of  articles  published  in  the  Engineering 
Magazine  in  193  5.  Analyzes  the  factors  governing  the  flow  of  steam  in  pipes,  and 
presents  a  group  of  curves  for  use  in  solving  the  problems  of  practical   installation 
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and  determining  the  most  eronomical  size  of  pipe  to  select  for  any  given  conditions 
Contents  :  How  to  Find  the  Right  Pipe  Sizes  ;  Special  Conditions  Affecting  Low-Pres- 
sure  Systems  ;  and  Savings  Obtainable  from  Exhaust  Steam. 

STEAM  TURBINES: 

A  Practical  Work  on  the  Development,  Advantages  and  Disadvan- 
tages of  the  Steam  Turbine;  The  Design,  Selection,  Operation,  and 
Maintenance  of  Steam  Turbine  and  Turbo-Generator  Plants.  By 
Walter  S.  Leland.  Chic,  American  Technical  Society,  1917.  137  pp., 
110  illus.,  0x8  in.,  cloth.    $1.00. 

Intende.d  for  those  less  interested  in  the  finer  points  of  steam  turbine  theory  than 
in  the  results  accomplished  and  the  way  in  which  they  have  been  secured  by  the  suc- 
cessful builders.  Over  one-half  of  the  book  Is  devoted  to  descriptions  of  various  com- 
mercial turbines. 

STEAM  TURBINES: 

A  Treatise  Covering  TJ.  S.  Naval  Practice.  By  G.  J.  Myers. 
xVnnapolis,  The  U.  S.  Naval  Institute,  1917.  7  +  240  pp.,  12  x  8  in., 
179  illus.,  23  diagrams,  9  pi.,  cloth.    $4.50. 

This  book  has  been  prepared  to  meet  the  needs  of  an  elementary  treatise  on  steam 
turbines  for  the  use  of  midshipmen  at  the  U.  S.  Naval  Academy,  and  deals  mainly  with 
types  found  in  the  U.  S.  Naval  Service. 

HIGH  SPEED  INTERNAL  COMBUSTION  ENGINES. 

By  Arthur  W.  Judge.  N.  Y.,  The  Macmillan  Co. ;  Lond.,  Whittaker 
&  Co.,  1910.     9  +  350  pp.,  217  illus.,  0x9  in.,  cloth.     $5.50. 

The  author  has  collected  and  classified  the  available  information,  and  presents  it 
as  briefly  as  possible.  The  work  discusses  the  theory  of  high  speed  internal  combus- 
tion engines,  and  the  experimental  results  which  have  been  obtained.  Contents : 
The  Thermodynamics  of  the  Internal  Combustion  Engine  ;  The  Conditions  Occurring  in 
Actual  Engines  ;  Pres.«;ures  and  Temperatures  in  Internal  Combustion  Engines  ;  Indi- 
cators and  Indicator  Diagrams  ;  The  Mechanics  of  the  High-Speed  Internal  Com- 
bustion Engine  ;  Engine  Balance. 

GAS  CHEMISTS'  HANDBOOK. 

Compiled  by  Technical  Committee,  Sub-Committee  on  Chemical 
Tests,  1910,  of  the  American  Gas  Institute.  C.  C.  Tutweiler,  Chair- 
man; A.  F.  Kunberger,  Editor.  N.  Y.,  American  Gas  Institute.  354 
pp.,  9x0  in.,  70  illus.,  cloth.     $3.50. 

The  present  handbook,  a  revision  of  the  one  compiled  in  1914,  presents  methods 
for  sampling  and  testing  the  materials  used  in  gas  manufacture.  Contents  :  Raw 
Materials  ;  Products  of  Gas  Manufacture  ;  Impurities  in  Gas  ;  Tar  Products  ;  Miscel- 
laneous and  Tables. 

HANDBOOK  OF  CASINGHEAD  GAS. 

By  Henry  P.  Westcott.  Erie,  Metric  Metal  Works,  1910.  9  +  274 
pp.,  5x8  in.,  illus.,  cloth.     $2.50. 

Methods,  statistics,  etc.,  Intended  to  supply  information  on  the  processes  used  for 
extracting  gasoline  from  natural  gas.  Based  on  visits  to  many  existing  plants  and  a 
study  of  their  reports.  Contents :  General  Physical  Properties  of  Casinghead  Gas 
Wells  ;  Construction  of  Pipe  Lines  ;  Measuring  Casinghead  Gas  ;  Gasoline  Plant,  Com- 
pression Method  ;  Gasoline  Plant,  Absorption  Method ;  Transportation  of  Gasoline  ; 
Miscellaneous. 

GASOLINE  AND   HOW  TO  USE  IT. 

By  G.  A.  Burrell.  Bost.,  Oil  Statistical  Society,  Inc.,  1910.  281 
pp.,  6  X  4i  in.,  1  illus.,  cloth.     $1.50. 

The  preface  states  that  the  aim  of  this  book  is  to  provide  an  intelligent  under- 
standing of  the  use  of  gasoline,  to  assist  the  motorist  and  the  farmer,  and  to  give  the 
history  of  gasoline  and  petroleum. 
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MODERN  MILLING: 

A  Practical  Manual  on  Milling  Machines,  Milling  Accessories  and 
Milling  Operations.  By  Ernest  Pull.  IST.  Y.,  The  Macmillan  Co.; 
Lond.r  Whittaker  &  Co.,  1917.  8  +  207  pp.,  188  illus.,  6x9  in., 
cloth.     $3.00. 

Universal  and  plain  milling  machines  are  described,  as  well  as  several  special 
types,  and  their  use  for  indexing,  gear  cutting  and  other  operations  is  explained. 
Includes  a  chapter  on  speeds  and  feeds. 

PLAIN  AND  ORNAMENTAL  FORGING. 

By  Ernst  Schwarzkopf.  N.  Y.,  John  Wiley  &  Sons,  Inc.;  Lond., 
Chapman  &  Hall,  Ltd.,  1916.     10  +  267  pp.,  228  illus.,  5x8  in.    $1.50. 

Written  to  provide  a  really  practical  treatise  on  the  theory  and  practice  of  art 
metal  and  blacksmith  work,  suitable  for  use  as  a  text-book  for  beginners.  Simple 
and  detailed  drawings  illustrating  each  important  operation  are  provided,  together 
with  full  explanations.  Intended  especially  for  self-instruction.  The  author  has  had 
many  years  experience  as  a  blacksmith  and  an  instructor  in  forge  work. 

QUESTIONS     AND     ANSWERS     RELATING     TO     MODERN     AUTOMOBILE     DESIGN, 
CONSTRUCTION,  DRIVING  AND  REPAIR: 

A  Practical  Treatise  Consisting  of  Thirty-nine  Lessons  in  the 
Form  of  Questions  and  Answers  Written  with  Special  Reference 
to  the  Requirements  of  the  Non-Technical  Reader  Desiring  Easily 
Understood  Explanatory  Matter  Relating  to  All  Branches  of  Auto- 
mobiling.  By  Victor  W.  Page.  Rev.  and  enl.  ed.  N.  Y.,  The  ISTorman 
W.  Henley  Publishing  Co.,  1917.  15  +  701  pp.,  5x8  in.,  397  illus., 
3  pi.,  cloth.     $1.50. 

FARM  MOTORS: 

Steam  and  Gas  Engines,  Hydraulic  and  Electric  Motors,  Traction 
Engines,  Automobiles,  Animal  Motors,  Windmills.  By  Audrey 
Potter.  2d  ed.  rev.  and  enl.  (Agricultural  Engineering  Series). 
N.  Y.,  McGraw-Hill  Book  Co.,  Inc. ;  Lond.,  Hill  Publishing  Co.,  Ltd., 
1917.    11  +  299  pp.,  296  illus.,  6x8  in.,  cloth.    $1.50. 

Includes  the  fundamental  principles  governing  their  construction,  management 
and  working.  Intended  for  students  of  agricultural  engineering  and  farmers.  In  the 
present  edition  the  chapters  on  gas  and  oil  engines  and  on  traction  engines  have  been 
enlarged,  those  on  the  steam  engine  rewritten,  and  chapters  added  on  automobiles  and 
animal  motors. 

THE  MECHANISM  OF  THE  LINOTYPE: 

A  Complete  and  Practical  Treatise  on  the  Installation,  Operation 
and  Care  of  the  Linotype,  for  the  Novice  as  well  as  the  Experienced 
Operator.  By  John  S.  Thompson.  6th  ed.  rev.  Chic.  The  Inland 
Printer  Co.,  1916.  10  +  280  pp.,  7x5  in.,  77  illus.,  1  por.,  leather. 
$2.00. 

The  present  edition  of  this  text-book  embodies  all  the  Improvements  made  in  the 
linotype  to  the  present  time.  A  brief  sketch  is  given  of  Ottmar  Mergenthaler,  the 
inventor  of  the  linotype. 

A  HANDBOOK  OF  BRIQUETTING. 

By  G.  Franke.  Translated  by  Fred  C.  A.  H.  Lantsberry.  Vol.  1, 
The  Briquetting  of  Coals,  Brown  Coals,  and  Other  Fuel.  Phila.,  J.  B. 
Lippincott  Co.;  Lond.,  Charles  Griffin  and  Co.,  Ltd.,  1917.  19  +  631 
pp.,  9x6  in.,  225  illus.,  9  pi.,  cloth.     $9.00. 

This  book  is  not  only  intended  as  a  handbook  for  those  engaged  in  the  industry, 
but  can  be  used   as   a  text-book  in  schools  of  mining  and  metallurgy   and   technical 
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high  schools.  The  translator  adds  that  the  object  of  the  tran.slation  is  to  put  In  the 
possession  of  English  Industrial  leaders,  knowledge  which  other  countries  have  been 
compelled  to  acquire. 

COMPRESSED  AIR  FOR  THE  METAL  \NORKER. 

By  Charles  A.  Ilirschberg.     2^\  Y.,  The  Ckirk  Book  Co.,  1917     321 
pp.,  294  illus.,  5  X  8  in.,  cloth.     $3.00. 

Describes  the  various  purposes  for  which  compressed  air  is  used  in  power  plants 
foundries,  machine  shops,  forge  shops,  etc.     The  various  types  of  tools  and  machines 


luuiiui  ifj-,  aiacoiue  -siiops,  lurge  snops,  eic.  i  ne  various  lypes  or  tools  and  mach 
are  illustrated,  as  well  as  the  commercial  forms  of  air  compressors.  A  compend 
of  present-day  methods  of  utilizing  compressed  air,  confined  entirely  to  practice 
omitting  theory. 


lum 
and 


THE  WORLD'S   MINERALS. 

By  Leonard  J.  Spencer,  with  an  Appendix  by  W.  D.  H.  Hamman. 
N.  Y.,  Frederick  A.  Stokes  Co.,  1916.  11  +  327  pp.,  8x6  in.,  40  pi., 
21  diagrams,  cloth.    $2.75. 

An  attempt  to  present  a  popular  and  readable  account,  in  the  main  confined  to  the 
116  species  of  the  more  common  simple  minerals,  which  will  help  the  student  collector 
to  identify  his  own  specimens.      Forty  color-plates  are  included. 

CHEMICAL  TESTS   FOR  MINERALS. 

By  Arthur  J.  Burdick.  Beaumont,  Cal.,  The  Gateway  Publishing 
Co.,  1917.    93  pp.,  5x8  in.,  cloth.    $1.25. 

Handbook  of  simple  qualitative  tests,  intended  to  enable  prospectors  without 
chemical  training  to  identify  the  various  rocks  and  ores  met  with  in  the  field. 

MICROSCOPIC  EXAMINATION  OF  STEEL. 

By  Henry  Fay.  (Wiley  Engineering  Series  No.  3.)  X.  Y.,  John 
Wiley  &  Sons;  Lond.,  Chapman  &  Hall,  Ltd.,  1917.  18  pp.,  9x6  in., 
32  pi.,  cloth.    $1.25. 

The  material  contained  in  this  volume  was  originally  issued  by  the  Ordnance 
Department,  U.  S.  A.,  and  was  intended  for  the  exclusi\e  use  of  inspectors  of 
ordnance  material,  but  is  now  published  for  the  use  of  others  interested  in  the  inspec- 
tion of  steel.  It  is  meant  only  to  present  a  mere  outline  of  metallographic  methods 
illustrating  typical  examples,  ijut  is  not  for  use  as  a  text-book.  It  is  intended  par- 
ticularly for  those  who  are  in  need  of  help  in  the  interpretation  of  results.  Over 
two-thirds  of  the  volume  consists  of  full-page  plates. 

THE  STORY  OF  BETHLEHEM  STEEL. 

By  Arundel  Cotter.  jST.  Y.,  The  Moody  Magazine  and  Book  Co., 
1916.     65  pp.,  7i  x  5  in.,  8  pi.,  cloth.     75  cents. 

Contents  :  Town  Founded  by  Moravian  Colonists  ;  When  Schwab  Went  Down  to 
Bethlehem  ;  Bethlehem  and  the  War  Stock  Boom  ;  Schwab's  Theories. 

TUBE  MILLING: 

A  Treatise  on  the  Practical  Application  of  the  Tube  Mill  to  Metal- 
lurgical Problems.  Bv  Algernon  Del  Mar.  N.  Y.,  McGraw-Hill  Book 
Co.,  Inc.;  Lond.,  Hill  Publishing  Co.,  Ltd.,  1917.  10  +  159  pp.,  6x9 
in.,  70  illus.,  1  pi.,  cloth.    $2.00. 

Covers  the  use  of  the  conical  and  cylindrical  tube  mills  for  grinding  ores,  indi- 
cating in  detail  the  best  means  of  obtaining  capacity  at  the  least  cost,  and  describing 
recent  installations.  It  is,  the  author  states,  the  only  book  entirely  devoted  to  the 
subject.  Contents :  General  Description  :  Amalgamating  with  the  Tube  ;  Grinding 
Ores  with  the  Tube  Mill  for  Flotation  ;  Crushing  Efficiencies  ;  The  Use  of  Wrought 
Iron  and  Alloy  Steel  ;  Appendix. 
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FRYE'S  TABLES  FOR  ASCERTAINING  THE  VALUE  OF  GOLD-QUARTZ  SPECIMENS. 

By  Jason  S.  Frye.  Downieville,  Cal.,  Jason  S.  Frye  (privately 
printed),  1916.     56  pp.,  4x3  in.,  leather.    $1.     (Gift  of  the  author.) 

Vest-pocket  book  of  tables  for  finding  the  percentage  of  gold  and  the  value  per 
ounce  from  the  specific  gravity  of  gold-quartz  specimens  containing  different  amounts 
of  gold. 

STRESSES  IN  WIRE=WRAPPED  GUNS  AND  IN  GUN  CARRIAGES. 

By  Lieut.  Col.  Golden  L'H.  Ruggles.  N.  Y.,  John  Wiley  &  Sons, 
Inc. ;  Lond.,  Ghapman  &  Hall,  Ltd.,  1916.  11  +  259  pp.,  9x6  in.,  cloth. 
$3.00. 

Explains  a  number  of  the  important  engineering  principles  underlying  the  design 
of  wire-wrapped  guna  and  of  gun  carriages.  Originally  prepared  for  the  use  of  the 
cadets  of  the  U.  S.  Military  Academy.  Contents  :  Elastic  Strength  of  Wire-Wrapped 
Guns  ;  Determination  of  the  Forces  Brought  upon  the  Principal  Parts  of  the  S-Inch 
Field  Carriage  and  a  Disappearing  Gun  Carriage  by  the  Discharge  of  the  Gun  ; 
Stresses  in  Parts  of  Gun  Carriages  ;  Toothed  Gearing  ;   Counter  Recoil  Springs. 

BATTLE  FIRE  TRAINING. 

By  Gapt.  G.  S.  Turner  and  Capt.  J.  J.  Fulnier.  Menasha,  Wis., 
George  Banta  Publishing  Go.    294  pp.,  47  illus.,  4x7  in.,  cloth.    $1.00. 

Calls  attention  to  the  existing  necessity  for  the  adoption  in  our  army  of  a 
uniform  system  of  collective  training  in  battle  fire,  and  offers  a  system  based  upon  the 
principles  laid  down  in  the  manuals  upon  fire  and  fire  tactics  published  by  the  War 
Department. 

ENGINEERING  ANALYSIS  OF  A  MINING  SHARE. 

By  J.  G.  Pickering.  N.  Y.,  McGraw-Hill  Book  Go.,  Inc.;  Lond., 
Hill  Publishing  Go.,  Ltd.,  1917.  8  +  95  pp.,  9x6  in.,  cloth.  $1.50. 
(Gift  of  the  author.) 

An  endeavor  to  set  forth  the  considerations  which  enter  logically  into  the 
analysis  of  a  mining  venture,  approached  from  an  engineering  viewpoint.  Contents  : 
Classification  of  Mining  Properties ;  Development  Companies  ;  Elements  to  be  Con- 
sidered in  the  Analysis  of  a  Mining  Report ;  Operating  Profits  vs.  Dividends  ;  Deter- 
mination of  the  Value  of  a  Mine  or  Mining  Share  ;  Valuing  Mine  Products  ;  World's 
Gold  Production  with  a  Review  of  the  World's  Greatest  Gold-field  ;  Mining  vs.  Indus- 
trial and  other  Types  of  Investments  with  an  Analysis  of  the  Affairs  of  Typical 
Mining  Companies. 

COMPRESSED  AIR  PRACTICE  IN  MINING. 

By  David  Penman.  Phila.,  J.  B.  Lippincott  Go.;  Lond.,  Gharles 
Griffin  &  Go.,  Ltd.,  1917.     221  pp.,  113  illus.,  5  x  8  in.,  cloth. 

Text-book  for  use  in  mining  schools,  but  also  useful,  it  is  hoped,  to  those  In 
practice.  Discusses  air-compressors,  methods  of  transmitting  power  and  the  use  for 
compressed  air  for  coal  cutting,  conveyors,  drills,  etc.  A  comparison  of  the  advan- 
tages of  compressed  air  and  other  means  of  transmitting  power  in  mines  is  given. 

MINE   GASES   AND   VENTILATION: 

A  Eeference  Handbook  Gombining  Theory  and  Practice  of  Goal 
Mining:  Designed  to  Meet  the  Needs  of  all  Students  of  Goal  Mining, 
Including  Mining  Engineers,  Mine  Superintendents,  Foremen,  Fire- 
bosses,  Shotfirers,  and  Miners  Preparing  for  Examination  for  Certifi- 
cates of  Competency.  By  J.  T.  Beard.  IST.  Y.,  Hill  Publishing  Co., 
1916.     206  pp.,  7x5  in.,  flexible  cloth.     $2.00.     (Gift  of  the  author.) 

Composed  of  material  on  the  atmosphere,  gases  and  ventilation  of  mines,  which 
has  appeared  in  pocket-book  form,  in  the  "Study  Course  in  Coal  Mining"  Department 
of  Coal  Age  since  March,  1913,  and  which  was  prepared  in  response  to  requests  from 
coal  miners  who  wished  to  know  the  development  of  formulas,  the  explanation  of  prin- 
ciples and  the  most  approved  and  generally  adopted  methods.  Contents  :  Air  ;  Heat ; 
Mine  Gases  ;  Theory  of  Ventilation  ;  Practical  Ventilation  ;  Addenda. 
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PRINTING  TRADES  BLUE  BOOK   1917. 

N.  Y.  and  Chic.  A.  F.  Lewis  &  Co.,  1917.  543  pp.,  6  x  8  in.,  cloth 
$3.00. 

Directory  of  printers,  dealers  in  paper  machinery,  metals,  type,  etc.  in  New  York 
and  surrounding  towns.  Arranged  alphabetically,  by  telephone  numbers  and  by 
classes.  Includes  directories  of  paper  brands  and  of  printing  associations,  unions  and 
clubs. 

HENDRICKS'  COMMERCIAL  REGISTER  OF  THE  UNITED  STATES: 

For  Buyers  and  Sellers.  Twenty-fifth  Annual  Edition.  N".  Y., 
S.  E.  Hendricks  Co.,  Inc.,  1916.  1738  pp.,  8  x  10  in.,  illus.,  cloth. 
$10.00. 

A  directory  of  producers,  manufacturers,  dealers  and  consumers  connected  with 
the  architectural,  contracting,  electrical,  engineering,  hardware,  iron,  mechanical, 
mill,  mining,  quarrying,  railroad,  steel  and  kindred  industries. 

HEATON'S  ANNUAL; 

The  Commercial  Handbook  of  (Canada  and  Boards  of  Trade  Reg- 
ister, 13th  Year,  1917.  Toronto,  Heaton's  Agency,  1917.  518  JJP-. 
5x7  in.,  cloth.    $1.25. 

Collects  in  one  volume  the  information  of  value  to  merchants  and  manufacturers. 
Includes  lists  of  government  ofllcials,  customs  brokers,  banking  towui,  registration 
olfices,  shipping  directions,  etc.  The  customs  tariff  and  a  digest  of  customs  law  and 
regulation  are  given.  The  work  also  contains  much  general  information  on  the 
resources  of  the  country,  a  gazetteer  of  commercial  towns  and  an  economic  bibliog- 
raphy of  govex'nmental  reports,  together  with  the  usual  tables. 

THE  WOOL  INDUSTRY; 

Commercial  Problems  of  the  American  Woolen  and  Worsted  Manu- 
facture. By  Paul  T.  Cherington.  N.  Y.,  Chic,  Lond.,  A.  W.  Shaw  Co. 
(copyright  1916).    16  +  261  pp.,  5  x  8  in.,  cloth.    $2.50. 

The  author's  purpose  has  been  to  present  the  results  of  an  examination  of  the 
industries  producing  woolen  and  worsted  fabrics,  approached  from  the  side  of  their 
buying  and  selling  problems.  Omits  other  features  of  the  industry,  such  as  wool- 
growing,  tariff  relations,  manufacturing  technique,  etc. 

A  DISCUSSION  OF  THE  PRINCIPLES  AND  PRACTICE  UNDERLYING  CHARGES 
FOR  WATER,  GAS,  ELECTRICITY,  COMMUNICATION  AND  TRANSPORTATION 
SERVICES. 

By  Harry  Barker.  N.  Y.,  McGraw-Hill  Book  Co.,  Inc. ;  Lond.,  Hill 
Publishing  Co.,  Ltd.,  1917.    14  +  387  pp.,  9x6  in.,  cloth.    $4.00. 

The  author's  aim  has  been  to  present,  concisely  and  impartially,  and  as  far  as 
possible,  in  non-technical  language,  the  diverse  phases  of  rate-making  for  public 
utilities,  including  a  comprehensive  discussion  of  (1)  such  corporation  and  municipal 
activitit's  as  affect  service  and  rates;  (2)  the  trend  of  public  opinion  and  Court  and 
commission  decisions;  and  (3)  the  most  important  engineering  and  economic  prob- 
lems involved,  with  the  hope  that  it  will  prove  of  service  to  lawyeis  and  legislators, 
to  editorial  writers  of  the  daily  press,  to  students  of  municipal  affairs,  and  fo  the 
general  public.  Contents:  Development  of  Utility  Regulation,  Utility  Privileges  and 
Obligations,  Rights  of  the  Public  ;  Product  and  Service  Companies,  Some  Definitions 
of  Rates  and  Services  ;  Various  Bases  for  Rates  ;  Details  of  the  Cost-of-Service  Study 
of  Rates,  Test  for  Fixed  and  Operating  Charges  ;  Fair  Value  of  a  Utility  Property  ; 
Valuation  as  an  Engineering  Task,  Appraisal  of  Land  and  Water  Rights  ;  Reasonable 
Return,  Interest,  Compensation  for  Risk  and  Attention,  Extra  Profits ;  Depreciation 
a"  it  Affects  Utility  Rates  ;  Miscellaneous  Problems  Indirectly  Related  to  Rate- 
Making  ;  Problems  of  Railway  Rates  ;  Problems  of  Express  Transportation  Rates  ;  Rate 
Problems  of  Street  and  Interurban  Railway  Transportation  ;  Problems  of  Water 
Rates  ;  Rate  Problems  of  Gas  Utilities  ;  Rate  Problems  of  Electricity  Supply  Works  ; 
Problems  of  Telephone  Rate-Making  ;  Appendix  A.  B.  C.  D. 
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VALUATION,  DEPRECIATION  AND  THE  RATE=BASE. 

By  Carl  Ewald  Grunsky  and  Carl  Ewald  Grunsky,  Jr.  N".  Y., 
John  Wiley  &  Sons,  Inc.;  Lond.,  Chapman  &  Hall,  Ltd.,  1917.  8  + 
387  pp.,  9x6  in.,  cloth.     $4.00.     (Gift  of  the  author  and  publisher.) 

The  author  states  that  this  book  is  the  result  of  personal  contact  with  the  valua- 
tion problem.  Special  consideratiou  has  been  given  to  a  discussion  of  the  non- 
agreement  of  the  actual  life  of  articles  which  have  a  limited  period  of  usefulness  with 
their  probable  or  normal  life.  The  tables  included  are  not  only  intended  for  valua- 
tion engineers  but  for  any  one  having  problems  of  finance  and  bonding  to  solve. 
Contents :  Introduction  and  General  Notes  ;  Definitions  ;  Fundamental  Principles ; 
Essentials  of  Value;  Elements  Which  Reduce  Value:  The  Effect  of  the  Non-Agree- 
ment Between  Actual  and  Probable  Life  Upon  the  Determination  of  Depreciation ; 
The  Purpose  of  the  Appraisal  :  The  Fixing  of  Rates  ;  Possible  Procedures  when  the 
Rates  for  a  Public  Service  are  to  be  Fixed  :  Notes  on  the  Determination  of  the  Value 
of  Real  Estate  in  Eminent  Domain  Proceedings  and  for  Rate  Fixing  Purposes;  The 
Value  of  a  Water-Right  and  of  Reservoir  and  Watershed  Lands  ;  The  Accounting 
System  ;  The  Valuation  of  Mines  and  Oil  Properties  by  C.  E.  Grunsky,  Jr  ;  Tables. 

THE  TAYLOR  SYSTEM  OF  SCIENTIFIC  MANAGEMENT. 

By  C.  Bertrand  Thompson.  N.  Y.,  Chic,  Lond.,  A.  W.  Shaw  Co. 
(copyright  1917).  175  pp.,  22  illus.,  5  diagrams,  9  x  11  in.,  flexible 
cloth.     $10.00. 

Intended  to  give,  in  addition  to  the  history  and  theory  of  the  system,  enough 
development  and  operation  to  enable  the  factory  manager  to  visualize  the  system  in 
some  detail,  to  distinguish  clearly  between  it  and  other  systems,  and  to  understand 
its  principles  and  mechanisms  as  found  in  actual  practice.  Based  on  personal  investi- 
gations of  all  the  installations  of  the  system  between  Maine,  Maryland  and  Chicago. 
Contains  a  bibliography  of  the  important  publications  on  the  system. 

INDUSTRIAL  PREPAREDNESS. 

By  C.  E.  Knoeppel.  N.  Y.,  The  Engineering  Magazine  Co.,  1916. 
6  +  145  pp.,  8x5  in.,  cloth.    $1.00. 

A  study  of  Germany's  military  and  industrial  preparedness  intended  to  point  the 
way  to  national  greatness  through  the  right  kind  of  social,  industrial  and  military 
preparedness. 

HOW  TO  FIND  FACTORY  COSTS: 

By  C.  Bertrand  Thompson.  Chic,  N.  Y.,  Lond.,  A.  W.  Shaw  Co. 
191  pp.,  10  X  7  in.,  51  charts,  1  diagram,  1  tab.,  cloth.    $3.00. 

It  is  stated  that  this  book  is  broad  enough  to  apply  to  all  kinds  of  industries,  and 
is  intended  to  be  useful  to  the  accountant  as  well  as  the  factory  head. 

WORKMEN'S  COMPENSATION  LAW: 

Personal  Injury  by  Accident  Arising  Out  of  and  in  the  Course 
of  the  Employment.  By  P.  Tecumseh  Sherman.  N.  Y.,  Workmen's 
Compensation  Publicity  Bureau  (copyright  1916).  67  pp.,  6x9  in., 
paper.     $2.00. 

A  compilation  of  the  decisions  construing  the  British  law  on  the  subject,  with 
abbreviated  summaries  of  the  relevant  portions  of  the  French  and  German  laws.  These 
precedents  will  be  useful,  the  author  believes,  in  defining  the  meaning  of  "accidents 
due  to  risk  of  work"  as  used  in  the  American  statutes. 

THE  ESSENTIALS  OF  AMERICAN  TIMBER  LAW. 

Bv  J.  P.  Kinney.  N.  Y.,  John  Wiley  &  Sons,  Inc.;  Lond.,  Chap- 
man &  Hall,  Ltd.,  1917.    19  +  279  +  10  pp.     6x9  in.,  cloth.    $3.00. 

A  presentation  of  the  existing  law  regarding  trees  and  their  products  as  property, 
with  such  observations  and  references  to  historical  development  as  are  considered 
necessary  to  an  understanding  of  the  reasons  for  the  law.  Citations  to  the  sections 
of  the  compiled  or  session  laws  of  the  different  States  enables  the  reader  to  find  the 
various  statutes  in  full.  Especial  prominence  is  given  to  interpretations  of  the  law 
by  the  Courts. 
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THE  THEORY  AND  PRACTICE  OF  WORKING  PLANS. 

(Forest  Ovfranization)-  By  A.  B.  Kccknasel.  2d  ed.,  rev.  N.  Y., 
John  Wiley  &  Sons;  Lond.,  Chapman  &  Hall,  Ltd.,  1917.  14  +  2G5  pp.', 
14  illus.,  G  pi.,  1  tab.,  6x9  in.,  cloth.    $2.00. 

An  adaptation  of  the  best  European  efforts  in  forest  organization  to  the  present 
needs  of  American  forestry,  intended  for  the  practising  forester  as  well  as  the  student. 
The  nomt  iiciature  of  this  edition  has  been  revistd  in  accordance  with  the  suggestions 
of  the  Committee  on  Terminology  of  the  Society  of  American  Foresters,  and  the  text 
as  a  whole  has  been  revised  and  extended. 

ANNUAL  CHEMICAL  DIRECTORY  OF  THE  UNITED  STATES. 

B.  F.  Lovelace,  Editor.  Baltimore,  Williams  &  Wilkins  Co.  (copy- 
right 1917).     305  pp.,  6x9  in.,  cloth.     $5.00. 

First  issue.  Includes  American  manufacturers  of  and  dealers  in  chemical 
apparatus  and  equipment  :  and  professional  chemical  firms  and  laboratories.  Lists  of 
colleges  offering  instruction  in  chemistry,  experiment  stations,  technical  and  scientific 
societies  are  given,  also  of  Federal  and  State  officials  of  dairying,  foods,  drugs,  etc. 
Bibliographies  of  American  and  foreign  journals  and  important  books  of  the  year, 
with  a  concise  review  of  new  happenings,  devices,  methods  and  appliances  conclude 
the  book. 

HANDBOOK  OF  CHEMISTRY   AND  PHYSICS: 

A  Ready-Reference  Pocket  Book  of  Chemical  and  Physical  Data. 
5th  ed.  Cleveland,  The  Chemical  Rubber  Co.,  1917.  414  pp.,  4x7  in., 
cloth.     $2.00. 

The  present  edition  of  this  convenient  reference  book  has  been  carefully  revised, 
many  new  tables  have  been  added,  and  the  Index  has  been  enlarged. 

A  TEXT=BOOK  OF  INORGANIC  CHEMISTRY. 

Edited  by  J.  Newton  Friend.  Vol.  VIII :  The  Halogens  and  Their 
Allies.  By  Geoffrey  Martin  and  E.  A.  Dancaster.  Lond.,  Charles 
Griffin  &  Co.,  Ltd.,  1915.  18  +  337  pp.,  30  illus.,  1  tab.,  6x9  in.,  cloth. 
$3.00.     (Gift  of  J.  B.  Lippincott.) 

A  concise  general  account  of  the  chief  chemical  and  physical  properties  of 
fluorine,  chlorine,  bromine,  iodine,  and  manganese,  and  their  compounds.  Describes 
the  most  important  manufacturing  operations  briefly.  The  work  does  not  attempt  to 
be  exhaustive,  but  is  provided  with  very  numerous  references  to  original  publications 
on  the  various  phases  of  the  subjects  dealt  with. 

ELEMENTARY   CHEMICAL   MICROSCOPY. 

By  Emile  Monnin  Chamot.  N.  Y.,  John  Wiley  &  Sons,  Inc.;  Lond., 
Chapman  &  Hall,  Ltd.,  1916.  13  +  410  pp.,  147  illus.,  6x9  in., 
cloth.     $3.00. 

The  author  believes  that  the  American  chemist  has  failed  to  appreciate  the  bene- 
fits to  be  obtained  by  the  application  of  chemical  microscopic  methods  in  the  industries 
and  in  research.  This  book  is  written  to  instruct  him  in  the  manipulation  of  the 
microscope  and  in  the  great  variety  of  problems  which  may  be  solved  by  its  use,  and 
to  call  attention  to  the  fields  in  which  it  is  especially  useful. 

OUTLINES  OF  INDUSTRIAL  CHEMISTRY: 

A  Text-Book  for  Students.  By  Frank  Hall  Thorp,  with  Assistance 
in  Revision  from  Warren  Iv.  Lewis.  3d  ed.  rev.  and  enl.  N.  Y.,  The 
Macmillan  Co.,  1916.     25  -f  665  pp.,  137  illus.,  6x9  in.,  cloth.     $3.75. 

The  present  edition  of  this  well-known  treatise  has  been  thoroughly  revised, 
many  sections  having  been  rewritten  and  much  obsolete  matter  replaced  by  new 
material.  The  modern  concepts  and  theories  of  chemistry  have  been  introduced 
whenever  these  promised  to  make  clearer  the  phenomena  involved. 
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GENERAL  INSTRUCXrONS  AND  METHODS  OF  ANALYSIS  AND  CHEMICAL  CONTROL 
FOR  USE  IN  THE  FACTORIES  OF  THE  CUBAN-AMERICAN  SUGAR  COMPANY. 

By  Guilford  L.  Spencer.  N.  Y.,  The  Cuban  American  Sugar  Com- 
pany, 1916.    39  pp.,  8^  X  6  in.,  paper.    $1.00. 

The  purpose  of  this  book  is  to  supply  methods  that  are  applicable  in  all  the 
company's  factories,  in  obtaining  the  data  required  for  report  sheets  and  permanent 
records.      Definitions  of  terms  used  by  the  company  are  included. 

A   HANDBOOK   FOR  CANE-SUGAR  MANUFACTURERS   AND  THEIR   CHEMISTS. 

By  Guilford  L.  Spencer.  5th  ed.  enl.  N.  Y.,  John  Wiley  &  Sons, 
Inc.;  Lond.,  Chapman  &  Hall,  Ltd.,  1916.  15  +  529  pp.,  7x4  in., 
83  illus.,  1  pL,  leather.     $3.50. 

The  book  is  divided  into  two  parts  ;  Manufacture  of  Cane-Sugar,  and  Sugar 
Analysis  ;  a  chapter  is  also  included  on  sugar  refining  as  practised  in  the  United 
States.  The  chemical  section  of  the  book  has  been  revised  to  meet  the  conditions  of 
the  very  large  factories  now  in  operation. 

THE  LIFE  OF  ROBERT  HARE: 

An  American  Chemist  (1781-1858).  By  Eobert  Fahs  Smith,  Pro- 
vost of  the  University  of  Pennsjdvania.  Phila.  and  Lond.,  J.  B.  Lip- 
pincott  Co.,  1917.     508  pp.,  1  por.,  4  illus.,  6x9  in.,  cloth.     $5.00. 

Assembles  the  labors  of  Robert  Hare  in  such  a  form  as  to  acquaint  students  of 
chemistry  with  him,  and  to  show  his  title  to  an  exalted  place  in  the  history  of 
chemistry  in  this  country.  Told  largely  by  hitherto  unpublished  letters  and  docu- 
ments collected  from  forgotten  journals  and  pamphlets. 

HOW  TO  STUDY. 

By  George  Fillmore  Swain.  N.  Y.,  McGraw-Hill  Book  Co.,  Inc. ; 
Lond.,  Hill  Publishing  Co.,  Ltd.,  1917.  10  +  65  pp.,  5x7  in.,  paper. 
25  cents. 

Dr.  Swain's  little  monograph  is  intended  to  formulate,  briefly  and  simply,  certain 
fundamental  principles  of  study  and  to  point  the  way  to  proper  habits  and  methods. 
Intended  for  students  in  and  graduates  of  technical  schools.  Contents  :  Introduction  ; 
The  Proper  Mental  Attitude  ;  Studying  Understandingly  ;  System  ;  Mental  Initiative ; 
Habits  of  Work  ;  Suggestions  to  Teachers. 

ARITHMETIC  FOR  ENGINEERS; 

Including  Simple  Algebra,  Mensuration,  Logarithms,  Graphs,  and 
the  Slide  Eule.  By  Charles  B.  Clapham.  (The  D.  U.  Technical 
Series.)  N.  Y.,  E.  P.  Dutton  &  Co.  (preface  1916).  436  pp.,  149  illus., 
6x9  in.,  cloth.    $3.00. 

The  author's  object  is  to  treat  the  subject  with  sufficient  detail  and  enough  engi- 
neering application  to  provide  a  truly  practical  treatise,  omitting  all  subjects  which 
have  only  academic  interest. 

APPLIED  MECHANICS. 

By  Alfred  Poorman.  K  Y.,  McGraw-Hill  Book  Co..  Inc.;  Lond., 
Hill  Publishing  Co.,  Ltd.,  1917.  11  +  244  pp.,  321  illus.,  6x9  in., 
cloth.    $2.00. 

A  text-book  for  undergraduate  courses  in  engineering  schools,  in  which  the  basic 
principles  have  been  developed  in  a  way  which  the  average  student  can  follow  easily 
and  illustrations  showing  clearly  the  application  of  such  principles  to  the  solution  of 
engineering  problems  have  been  provided.  Extended  use  has  been  made  of  the  graphic 
method  of  solution. 
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LAWS  OF  PHYSICAL  SCIENCE. 

A  Reference  Book.  By  Edwin  F.  N"orthrup.  Phila.  and  Lond.,  J.  B. 
Lippincott  Co.,  1917.     7  +  210  pp.,  5  x  8  in.,  leather.     $2.00. 

A  summary  of  the  general  propositions  underlying  physical  science  and  engineer- 
ing, classified  for  convenience  in  consultation.  Each  law  is  accompanied  by  one  or 
more  references  to  more  extended  information.      A  bibliography  is  included. 

FRENCH  MEASURE  AND  ENGLISH  EQUIVALENTS. 

By  John  Brook.  N.  Y.,  Spon  &  Chamberlain;  Lond.,  E.  &  F.  :N'. 
Spon,  1917.     7  +  80  pp.,  4x3  in.     40  cents. 

Vest-pocket  size.  Gives  the  English  equivalents  of  the  metric  measures  of  length 
and  weight  and  of  the  old  French,  Prussian,  Austrian,  and  Russian  measures  of 
length.  A  table  for  reducing  the  usual  vulgar  fractions  of  the  inch  to  decimals  is  also 
given.  The  English  equivalents  are  given  in  decimal  fractions,  correct  to  six  places, 
and  approximately  in  vulgar  fractions  as  well.  Intended  tor  engineers,  manu- 
facturers, and  workmen. 

MUNICIPAL  ENGINEERING  PRACTICE. 

By  A.  Prescott  Folwell.  K  Y.,  John  Wiley  &  Sons,  Inc.;  Lond., 
Chapman  &  Hall,  Ltd.,  1916.  11  +  422  pp.,  9x6  in.,  112  illus.,  1  pi., 
cloth.     $3.50. 

This  book  has  been  written  to  treat  at  greater  length  practical  information  con- 
cerning street  cleaning,  public  comfort  stations  and  other  subjects  not  treated  in  most 
of  the  text-books  on  municipal  engineering.  Contents  :  Fundamental  Data  ;  The  City 
Plan  ;  Street  Surface  Details  ;  Bridges  and  Waterways  ;  City  Surveying  ;  Street  Lights, 
Signs  and  Numbers  ;  Street  Cleaning  and  Sprinkling  ;  Disposing  of  City  Wastes ; 
Markets,  Comfort  Stations  and  Baths  ;  Parks,  Cemeteries  and  Shade  Trees. 

MUNICIPAL  ACCOUNTING. 

By  DeWitt  Carl  Eggleston.  N.  Y.,  The  Ronald  Press  Co.,  1914. 
22  +  456  pp.,  9x6  in.,  113  diagrams,  i  leather.    $4.00. 

Intended  to  furnish  practising  accountants,  municipal  accountants  and  students 
with  a  complete  method  of  municipal  accounting,  representing  the  best  modern  prac- 
tice. The  methods  described  are  intended  for  the  larger  cities,  but  a  special  chapter  on 
accounting  for  smaller  cities  is  included.  Many  of  the  methods  used  in  New  York 
are   presented. 

INSTRUCTIONS  TO  LOCATING  ENGINEERS  AND   FIELD  PARTIES. 

By  F.  Lavis.  N.  Y.,  McGraw-Hill  Book  Co.,  Inc.  (copyright  1916). 
44  pp.,  9x6  in.,  9  diagrams,  cloth.     $1.00.     (Gift  of  the  author.) 

Reproduced  in  abridged  form  from  "Railroad  Location  Surveys  and  Estimates." 
Originally  prepared  for  the  use  of  field  parties  working  under  his  direction  in  the 
United  States,  afterwards  modified  for  use  in  South  America,  and  finally  prepared  in 
the  present  form  for  use  in  China.  They  are  intended  to  secure  uniform  practice  in 
making  surveys  and  in  the  compilation  of  the  results  in  the  form  of  maps,  estimates, 
etc. 

WINTER  TRACK  WORK. 

By  E.  R.  Lewis.  Chic,  Railway  Educational  Press,  Inc.  (copyright 
1917).     166  pp.,  21  illus.,  5x8  in.,  cloth.     $1.60. 

Explains  practical  methods  for  maintaining  railway  track.  Intended  for  use  of 
trackmen.  Contents  :  Climate  and  Track  ;  Frost ;  Snow  ;  Shims  and  Shimming  ; 
Winter  Track  Force,  Tools  and  Supplies ;  Snow  Fences  and  Snow  Sheds ;  Snow 
Handling  Equipment;  Spring  Floods;  Storing  Ice;  Organization. 

RAILWAY  TRACK  ECONOMICS: 

A  Tabloid  Treatise  Upon  Railroad  Problems.  By  August  E.  Licb- 
mann.  rev.  ed.  Chic,  (privately  printed),  1916.  66  pp.,  6A  x  5  in., 
leather.     $3.00.     (Gift  of  the  author.) 

The  author  states  that  he  presents  in  tabloid  form  some  critici.^m  and  recom- 
mendations for  solving  the  problems  of  maintenance  costs. 
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ELECTRIC  TRACTION: 

A  Treatise  on  the  Application  of  Electric  Power  to  Tramways 
and  Ivailways.  By  A.  T.  Dover.  N.  Y.,  and  Lend..  Wliittaker  ct  Co., 
1917.     IS  +  GG7  pp..  9  X  (')  in.,  518  illus.,  5  pi.,  cloth. 

Intended  for  engineers  find  advanced  students.  Representative  examples  of 
modern  tramway  and  railway  practice  are  included,  but  detailed  accounts  of  electritlca- 
tion  have  been  omitted  and  Kcncrating  stations  and  transmission  lines  have  not  been 
considered.  Contains  a  bibliography  on  electrification,  and  a  number  of  worked 
examples  have  been  included  in  the  text.  Contents:  Mechanics  of  Train  Movements; 
Motors;  Control;  Auxiliary  Apparatus;  Rolling  Stock;  Detailed  Study  of  Train 
Movement  ;  Track  and  Overhead  Construction  ;  Distributing  Systems  and  Sub-stations. 

ELECTRIC    RAILWAY    TRANSPORTATION. 

By  Henry  W.  Blake  and  Walter  Jackson.  N.  Y.,  Thi>  Mc'vl raw- 
Hill  Book  Co.,  Inc. ;  Lond.,  Hill  Pnblis1iiii!>-  Co..  Ltd.,  1917.  7  +  487  pp., 
IlH)  illus.,  (i  X  9  in.,  cloth.     $5.00. 

The  first  hook,  the  authors  state,  devoted  to  transportation  methods  and  practice. 
Largely  compiled  to  put  in  convenient  form  matter  which  has  appeared  in  the  Traiis- 
actio)i,f  of  the  American  Electric  Railway  Transportation  and  Traffic  Association  and 
in  the  electric  railway  periodicals.  Contents:  Organization  and  Definitions;  Adjust- 
ment of  Service  to  Trafflc  ;  Accelerating  Traffic  Movement  Along  the  Line;  Accel- 
erating Traffic  Movement  on  the  Car;  Car  Types  in  Relation  to  Trafflc;  City  Time- 
tables-Preliminaries ;  Intorurban  Schedules  and  Dispatching  ;  Fares  ;  Fare  Collection 
Practices  and  Devices ;  Public  Relations  ;  Promotion  of  Passenger  Traffic  ;  Trafflc 
Signs  for  Cars,  Station  and  Road-Information  for  the  Public;  Competition;  Freight 
and  ICxpress  Business  ;  Selection  and  Training  of  Men  ;  Wages  and  Wage  Agreements  ; 
Welfare  Work  ;  Discipline  of  Trainmen  ;  Forms  of  Extra  Pay. 

INTERBOROUGH   FINANCE: 

Present  and  Future  with  Especial  Reference  to  Conditions  When 
the  New  Lines  shall  have  been  Completed,  lnchulin.tr  Synoiisis  of 
the  Financial  Structure  of  Interboroug'h  Consolidated  Corporation. 
N.  Y.,  Van  Eniburg-h  &  Atterbury,  1917.  09  pp.,  '2  maps,  2  diagrams, 
6x9  in.,  leather. 

Contents :  Interborough  Consolidated  Corporation  ;  Interborough  Rapid  Transit 
Company ;  New  York  Railways  Company  ;  Partnership  Between  Interborough  and 
City  of  New  York  ;  WMll  the  Interborough  Earn  its  Preferentials. 

LABORATORY  MANUAL  OF  BITUMINOUS  MATERIALS: 

For  the  Use  of  Students  in  Highway  Engineering.  Bv  Prevost 
Hubbard.  N.  Y.,  John  Wiley  &  Sons;  Lond.,  Chainnan  &  Hall,  Ltd., 
1916.     11  +  153  pp.,  9x6  in.,  38  illus.,  cloth.     $1.50. 

Certain  fundamentals  not  strictly  a  part  of  laboratory  work  have  been  included  as 
a  guide  to  students  not  well  versed  in  the  nomenclature,  classification,  and  uses  of 
bituminous  materials. 

A  TEXT-BOOK  ON  BRICK  PAVEMENTS: 

By  Clark  Iv.  ]\[andigo.  Kansas  City,  Western  Paving  Brick  Manu- 
facturers Association,  1917.     126  pp.,  42  illus.,  5x8  in.,  cloth.    $1.50. 

Intended  for  municipal  officers,  commissioners  and  citizens  as  well  as  for  city  and 
county  engineers  and  contractors.  Descriptive  rather  than  technical,  but  intended 
to  give  accurate  information  of  interest  to  all  concerned  in  road  improvement. 
Contents:  Brick  Pavements;  Highway  Economics;  The  Sub-Grade  and  the  Founda- 
tion ;  Manufacture  of  Brick ;  Paving  Problems  ;  Appendix :  Standard  Speciflcatious. 

THE  VENTILATION  HANDBOOK: 

Tlie  Principles  and  Practice  of  Ventilation  as  Applied  to  Furnace 
Heating;  Ducts.  Flues  and  Dampers  for  Gravity  Heating;  Fans  and 
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Fan  Work  for  Ventilation  and  Hot  Blast  Heating.  By  Charles  L. 
Huhhard.  N.  Y.,  Sheet  Metal  Puhlishing  Co.,  1910.  218  pp.,  8  x  G  in., 
137  illus.,  cloth.    $2.00. 

A  series  of  questions,  answers  and  descriptions,  witli  illustrations,  arranged  from 
a  series  of  articles  prepared  for  Sheet  Metal.  Care  has  been  taken  to  keep  all  descrip- 
tions and  mathematical  work  well  within  the  understanding  of  the  student  and 
beginner. 

PRACTICAL    SHEET    METAL   DUCT   CONSTRUCTION: 

A  Treatise  in  the  Construction  and  Erection  of  Heating  and 
Ventilating  Ducts.  By  William  Neubecker.  N.  Y.,  The  Sheet  Metal 
Publishing  Co.,  1916.     194  pp.,  8x6  in.,  217  illus.,  cloth.    $2.00. 

The  plan  of  the  present  work  is  to  take  up  each  operation,  and  by  means  of 
descriptions  (usually  illustrated)  to  show  all  operations  incident  to  the  construction 
and  erection  of  heating  and  ventilating  ducts. 

GRAY'S  PLUMBING  DESIGN  AND  INSTALLATION. 

By  William  Beall  Gray.  N.  Y.,  David  Williams  Co.,  1916.  559 
pp.,  500  illus.,  6x9  in.,  cloth.    $4.00.     (Gift  of  U.  P.  C.  Book  Co.) 

A  reference  work  for  plumbers,  intended  to  illustrate  fully  standard  American 
practice  in  all  branches  of  the  plumbing  and  allied  trades. 

STATE  SANITATION: 

A  Review  of  the  Work  of  the  Massachusetts  State  Board  of  Health. 
By  George  Chandler  Whijiple.  Cambridge,  Harvard  University  Press; 
Lond.,  Oxford  University  Press,  1917.  11  +  377  pp.,  12  pi.,  8  diagrams, 
6x9  in.,  cloth.    $2.50. 

The  first  of  a  three-volume  history  ;  intended  to  set  forth  the  past  work  of  the 
Board,  to  reprint  selected  articles  of  importance  from  the  older  reports  and  abstracts 
of  the  others,  and  to  serve  as  an  index  and  guide  to  the  annual  reports.  Biographical 
sketches  of  the  engineers,  chemists,  and*  biologists  of  the  Board  will  be  included. 
Volume  one  contains  the  history  of  the  Board  since  its  establishment  in  18G9,  together 
with  an  abridged  version  of  the  "Report  of  the  Massachusetts  Sanitary  Commission  of 
1850." 

A  MANUAL  OF  FIRE  PREVENTION  AND  FIRE  PROTECTION  FOR  HOSPITALS. 

Bv  Otto  R.  Eichel.  K  Y.,  John  Wiley  &  Sons;  Lond.,  Chapman 
&  Hall,  Ltd.,  1916.    5  +  69  pp.,  7i  x  5  in.,  cloth.    $1.00. 

An  outline  of  the  principles  of  fire  prevention  and  protection,  with  indications  for 
their  application  in  institutions  housing  the  sick,  based  on  the  personal  observation 
and  study  of  the  author,  who  is  Director  of  the  Division  of  Sanitary  Supervisors,  New 
York  State  Department  of  Health. 

FIRE  PREVENTION  AND  PROTECTION; 

A  Compilation  of  Insurance  Regulations  Covering  Modern  Restric- 
tions on  Hazards  and  Suggested  Improvements  in  Building  Construc- 
tion and  Fire  Prevention  and  Extinguishment.  By  A.  C.  Hutson, 
Fire  Protection  Engineer.  3d  ed.  completely  rev.  N.  Y.  and  Chic, 
The  Spectator  Co.,  1916.  7  +  777  pp.,  126  iUus.,  3  pi.,  5  x  7  in., 
leather.    $4.25. 

Written  especially  for  merchants,  manufacturers  and  underwriters,  as  a  succinct 
presentation  of  the  knowledge  necessary  to  attain  as  complete  protection  as  possible 
from  fire.  Covers  all  the  suggested  regulations  of  the  National  Board  of  Fire  Under- 
writers and  allied  organizations. 
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ELLIOTT'S  WEIGHTS  OF  STEEL; 

For  Engineers,  Architects,  Contractors,  Builders,  Steel  Manufac- 
turers, and  all  Users  of  Rolled  Steel.  Computed  by  Thomas  J.  Elliott. 
Cleveland,  The  Penton  Publishing  Co.,  1916.  662  pp.,  6x9  in., 
leather.     $20.00. 

Given  the  weight  of  a  linear  foot  of  any  section  of  rolled  steel,  this  book  of  tables 
enables  one  to  find  the  weight  of  a  single  piece  of  any  length  without  performing  the 
operation  of  multiplication. 

BUILDING   SUPERINTENDENCE   FOR    STEEL   STRUCTURES; 

A  Practical  Work  on  the  Duties  of  a  Building  Superintendent 
for  Steel-Frame  Buildings  and  the  Proper  Methods  of  Handling  the 
Materials  and  Construction.  By  Edgar  S.  Belden.  Chic,  American 
Technical  Society,  1917.    95  pp.,  25  illus.,  2  pL,  5x8  in.,  cloth.    $1.00. 

Concise  practical  discussion  of  the  problems  which  confront  the  superintendent 
of  structural  steel  construction,  and  of  the  proper  methods  of  meeting  them. 

STRESSES  IN  STRUCTURES. 

By  A.  H.  Heller.  Rev.  by  Clyde  T.  Morris.  3d  ed.  N.  Y.,  John 
Wiley  &  Sons,  Inc.;  Lond.,  Chapman  &  Hall,  Ltd.,  1916.  13  +  374 
pp.,  230  illus.,  6x9  in.,  cloth.    $2.75. 

Author  has  attempted  to  provide  a  book  which,  without  being  an  exhaustive 
scientific  treatise  on  stresses,  would  be  a  suitable  text-book  for  students  and  also  a 
concise  reference  book  for  engineers.  In  the  present  edition  various  explanations 
have  been  expanded,  numerical  illustrative  examples  have  been  added  and  new  material 
introduced  where  the  reviser  has  found  it  necessary. 

MODERN  UNDERPINNING: 

Development,  Methods  and  Typical  Examples.  By  Lazarus  White 
and  Edmund  Astley  Prentis,  Jr.  (Wiley  Engineering  Series  No.  2.) 
N.  Y.,  John  Wiley  &  Sons,  Inc. ;  Lond.,  Chapman  &  Hall,  Ltd.,  1917. 
12  -f-  94  pp.,  9x6  in.,  48  illus.,  1  pl.,^  cloth.    $1.50. 

Intended  to  exhibit,  by  means  of  photographs  and  drawings,  the  essential  steps  in 
underpinning  as  illustrated  by  the  methods  used  in  subway  construction  in  New  York 
City.  Only  enough  text  to  supplement  the  illustrations  included.  Contents  :  General 
Aspects  ;  Development  of  Underpinning  and  Methods  ;  Shores,  Needles,  and  Foundation 
Reinforcements  ;   Specific  Examples  of  Underpinning  ;  Appendix. 

THE  INDUSTRIAL  AND  ARTISTIC  TECHNOLOGY  OF  PAINT  AND  VARNISH. 

By  Alvah  Horton  Sabin.  2d  ed.  rev.  N.  Y.,  John  Wiley  &  Sons, 
Inc.;  Lond.,  Chapman  &  Hall,  Ltd.,  1917.  10  +  473  pp.,  9x6  in., 
10  pi.,  10  illus.,  cloth.    $3.50. 

Written  to  give  a  correct  general  outline  of  the  subject,  with  a  brief  account  of 
the  modern  use  of  paints  and  varnishes,  and  of  the  principles  involved  in  their  fabrica- 
tion and  application.  This  edition  is  nearly  one-third  larger  than  the  first  one  and 
takes  cognizance  of  the  changes  in  the  character  of  the  cheaper  varnishes  due  to  the 
use  of  tung  oil. 

ARCHITECTURAL  DRAWING  AND  LETTERING; 

A  Manual  of  Practical  Instruction  in  the  Art  of  Drafting  and 
Lettering  for  Architectural  Purposes,  Including  the  Principles  of 
Shading  and  Rendering  and  Practical  Exercises  in  Design.  Part  1, 
Architectural  Drawing.  By  Frank  A.  Bourne  and  H.  V.  Von  Hoist. 
Part  2,  Architectural  Lettering.  By  Frank  Choteau  BroAvn.  Chic, 
American  Technical  Society,  1917.  102  +  48  pp.,  94  illus.,  6x8  in., 
cloth.     $1.50. 

This  is  an  elementary  work  presenting  the  art  in  logical  manner. 
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MILITARY  SKETCHING  AND  MAP  READING. 

By  Capt.  Loroii  C.  Grieves.  Wash.,  U.  S.  Infantry  Assoc,  1917. 
95  pp.,  32  illus.,  C  X  9  in.,  cloth.    $1.00. 

A  text-book  Intended  for  officers  of  the  National  Guard,  candidates  for  commis- 
sions in  the  Army  and  the  Reserve  Officers'  Training  Corps  and  for  educational  insti- 
tutions.     Meets  the  provisions  prescribed  by  the  War  Department. 

TOPOGRAPHICAL  DRAWING. 

By  Edwin  R.  Stuart.  N.  Y.,  McGraw-Hill  Book  Co.,  Inc.;  Lond., 
Hill  Publishing?  Co.,  Ltd.,  1917.  126  pp.,  54  illus.,  1  map,  6x9  in., 
cloth.     $2.00. 

Intended  to  furnish  a  satisfactory  standard  of  practice  in  topographical  drawing 
which  will  combine  good  execution  with  economy  of  time.  Contents  :  Introductory  ; 
Map  Projection  ;  Instruments  and  Drawing  Materials  :  Plotting  ;  Special  Methods  in 
Frec-Hand  Drawing ;  Practice  in  Topographical  Drawing ;  Lettering  ;  Conventional 
Signs  ;  Map  Drawing. 

THE  BAROMETRICAL  DETERMINATION  OF  HEIGHTS: 

A  Practical  Method  of  Barometrical  Levelling  and  Hypsometry 
for  Surveyors  and  ]\rountain  Climbers.  By  F.  J.  B.  Cordeiro.  2d 
ed.  rev.  and  enl.  ]Sr.  Y.,  Spon  &  Chamberlain;  Lond.,  E.  &  F.  ]^.  Spon, 
Ltd.,  1917.     26  pp.,  7x4  in.,  cloth.     50  cents. 

This  little  volume  was  an  essay  originally  entered  in  the  Hodgkins  Prize  Com- 
petition held  under  the  auspices  of  the  Smithsonian  Institution,  and  was  awarded 
honorable  mention. 

AZIMUTH. 

By  George  L.  Hosmer.  2d  ed.  rev.  IST.  Y.,  John  Wiley  &  Sons,  Inc. ; 
Lond.,  Chapman  &  Hall,  Ltd.,  1916.  5-4-73  pp.,  5x7  in.,  6  illus., 
leather.    $1.00. 

This  handbook  is  intended  to  present  in  compact  form  certain  approximate 
methods  of  determining  the  true  bearing  of  a  line,  together  with  the  necessary  rules 
and  tables  arranged  in  a  simple  manner  so  that  they  will  be  useful  to  the  practical 
surveyor.  This  edition  contains  a  new  method  for  finding  the  azimuth  by  an  observa- 
tion on  the  pole  star  at  any  hour  angle  when  the  local  time  is  known.  The  tables  of 
the  sun's  declination  have  been  extended  to  1919,  and  new  star  maps  are  given. 

STANDARD  METHODS  FOR  THE  EXAMINATION  OF  WATER   AND  SEWAGE. 

By  the  American  Public  Health  Association.  3d  ed.  Bost.,  Amer- 
ican Public  Health  Association,  1917.  115  pp.,  10  x  7  in.,  1  illus., 
cloth.    $1.25. 

This  volume  is  the  result  of  the  combined  labors  of  three  committees,  namely  :  the 
Committees  of  the  American  Public  Health  Association  ;  American  Chemical  Society  ; 
and  the  Association  of  Official  Agricultural  Chemists.  The  1912  edition  has  been 
modified  by  the  addition  of  methods  for  the  examination  of  sewage  sludge  and  muds, 
the  analysis  of  chemicals  used  in  the  treatment  of  water,  and  the  determination  of 
chlorine.  Changes  also  have  been  made  in  the  technique  of  existing  methods. 
Bacteriological,  chemical  and  microscopical  bibliographies  are  included. 

WATER  PURIFICATION. 

By  Joseph  W.  Ellms.  X.  Y.,  McGraw-Hill  Book  Co.,  Inc.;  Lond., 
Hill  Publishing  Co.,  Ltd.,  1917.  10  +  485  pp.,  149  illus.,  6x9  in., 
cloth.     $5.00. 

Intended  as  a  fairly  complete  account  of  the  development  of  the  art.  Includes 
a  consideration  of  the  properties  of  various  classes  of  waters  and  gives  especial  atten- 
tion to  the  relation  of  polluted  public  water  supplies  to  water-borne  diseases. 
Describes  in  considerable  detail  the  various  steps   in  purification   processes,   such   as 
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sedimentation,  coagulation,  filtration  and  disenfection.  Contains  chapters  on  water 
softening  and  on  the  removal  of  iron  and  manganese  from  ground-water  supplies. 
Bibliographical  references  accompany  each  chapter. 

USE  OF  WATER  IN  IRRIGATION. 

Bv  Samuel  Fortier.  2d  ed.  N.  Y.,  McGraw-Hill  Book  Co.,  Inc.; 
Lond.,  Hill  Publishiiiff  Co.,  Ltd.,  1916.  16  +  325  pp.,  8x6  in.,  75 
illus.,  8  pi.,  cloth.    $2.00. 

The  first  edition,  which  appeared  in  1914,  dealt  with  the  agricultural  side  of 
irrigation.  In  the  present  edition  the  article  on  the  measurement  of  water  has  been 
revised  and  enlarged,  and  a  new  one  added  on  sewage  irrigation.  A  new  chapter  on 
the  "Use  of  Water  in  Ftoreign  Countries"  is  a  most  important  addition  to  the  book. 
Contents  :  Introduction  ;  The  Irrigated  Farm  ;  The  Necessary  Equipment  and  Struc- 
tures :  Methods  of  Preparing  Land  and  Applying  Water  ;  Waste  Measurement ;  Delivery 
and  Duty  of  Water;  Irrigation  of  Staple  Crops;  Use  of  Water  in  Foreign  Countries. 

IRRIGATION  WORKS  CONSTRUCTED   BY  THE  UNITED   STATES   GOVERNMENT. 

By  Arthur  Powell  Davis.  N.  Y.,  John  Wiley  &  Sons,  Inc.;  Lond., 
Chapman  &  Hall,  Ltd.,  1917.  16  +  413  pp.,  128  illus.,  6x9  in., 
cloth.    $4.50. 

Contains  engineering  descriptions,  with  the  necessary  illustrations,  of  the  various 
projects  undertaken  by  the  Reclamation  Service.  The  projects  described  are  the  Salt 
River,  the  Yuma,  the  Orland,  the  Grand  Valley,  the  Uucompahgre,  the  Boise,  the 
Minidoka,  the  Huntley,  the  Lower  Yellowstone,  the  North  Platte,  the  Truckee-Carson, 
the  Carlsbad,  the  Hondo,  the  Rio  Grande,  the  Umatilla,  the  Klamath,  the  Belle 
Fourehe,  the  Strawberry  Valley,  the  Okanogan,  the  Yakima  and  the  Shoshone. 
Intended  for  engineers  and  those  interested  in  the  development  of  arid  lands. 

RIVER  DISCHARGE. 

By  John  Clayton  Hoyt  and  Nathan  Clifford  Grover.  4th  ed.  rev. 
and  enl.  N.  Y.,  John  Wiley  &  Sons,  Inc. ;  Lond.,  Chapman  &  Hall, 
Ltd.,  1916.  12  -f  210  pp.,  16  x  9  in.,  23  illus.,  7  pi.,  2  maps,  1  diagram, 
tab.,  cloth.    $2.00. 

This  edition  has  been  revised  and  brought  up  to  date.  Chapter  V,  "Discussion 
and  Use  of  Data"  has  been  largely  rewritten,  and  Chapter  VI  has  been  expanded  to 
cover  the  field  of  liydrology.  Contents  :  Introduction  ;  Instruments  and  Equipment ; 
Structures  from  Which  Measurements  are  Made  ;  Velocity-Area-Stations  ;  Weir  Sta- 
tions ;  Discussion  and  Use  of  Data  ;  Hydrology  as  Related  to  Stream  Flow. 

THE  PANAMA  CANAL  AND  COMMERCE. 

By  Emory  E.  Johnson.  N".  Y.  and  Lond.,  D.  Appleton  &  Co., 
1916.     295  pp.,  8  illus.,  7  maps,  5  x  7  in.,  cloth.     $2.00. 

Explains  the  reasons  for  the  building  of  the  canal  and  discusses  the  use  of  the 
waterway  by  the  commerce  and  shipping  of  the  United  States  and  other  countries. 
Intended  for  those  engaged  in  shipping  and  other  students  of  the  canal  in  relation  to 
commerce.  A  companion  volume  to  Gorgas'  "Sanitation  in  Panama"  and  Sibert  and 
Stevens'  "The  Construction  of  the  Canal." 
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ADDITIONS 

MKMIJKHS  Date  of 

Membership. 

Allison,  Joseph   Chester.     Cons.   Engr.,   209  )  Assoc.  M.     Sept.     3,  1912 
Anderson    Bldg.,    Calexico.    Cal CM.  June    12 

Ayres,  Ltonel.     Engr.,  City  of  Duluth.  City  Hall,  Duluth, 

Minn June    1 1 

Bakhmeteff,     Boris     Alexandrowitch.     1014     Flatiron 

Bldg.,  New  York  City Mar.    13 

Bartlett,     Chari.es     Terrell.     Cons.     Engr.   \ 

(Bartlett    &    Ranney,    Inc.),    108    East  f  ^^^^^^  '^I-     J^n.       2 
Crockett   St.,   San   Antonio,   Tex )      '  ^ 

Begien,  Ralph  Norman.     Gen.  Mgr^  B.  &  0.  )    . 

R.  R.,  Room  507,  B.  &  0.  Bldg..  Balti-       ^r"'  .T"      ' 

,,,                                          "^  I   M.  Mar.    13 

more,   ^ftld ) 

Benedict,       Farkaxd      Northrop.     Vice-Pres.  ^ 

and  Engr.,  Thomas  Crimmins  Contr.  Co.;    I     . 

■r.  oo      o     XI       Tf     1         *  T.     X   >  Assoc.  M.     May       2 

Res.,      33      South      Maple      Ave..      East   i   ,^  ,r  ,- 

Orange,  N.  J J  "^ 

Black,  Ernest  Bateman.     Cons.  Engr.   (Black  )    .    ,       \t      m 

&  Veatch),  507  Inter-State  Bldg..  Kansas  (■  ^^^^^'      '      ,\,   ,„ 
^.^        ,r  (  M.  April   18 

City,    Mo )  ^ 

Blair,  Clarence  ]Moore.     785  Edgewood  Ave.,  )    Assoc.  M.  Dec.  5 

New  Haven,  Conn )  M.  May  15 

Bowie.    Alfred    William.     Engr.    in    Chg.,    Westinghouse. 

Church,  Kerr  &  Co.,  37  Wall  St.,  New  York  City June  11 

Bbaune,   Gust  AVE  Maurice.     Associate   Prof.,  ^  Jun.  June  2 

Civ.     Eng.,     Univ.     of     Cincinnati,     248   l  Assoc.  M.  Sept.  4 

Loraine    Ave.,    Cincinnati,    Ohio )  M.  May  15 

Bbaunworth,    Percy    Lewis.     Borough    Engr.   \    ,  ,,      -^ 

.   -^    \      ■.      ^     .       T.  „<-../   Assoc.  M.     Jan.       3 

of    Roseland;    Contr.    Ji,ngr.,    36    Spring  v 

St.,  Montclair,  N.  J ) 

„  ,  ^  „        ,.     ,       r^    ,     )   Jun.  April  30 

Cahiix,  John  Richard.     Gen.  Contr.,  110  Sut-   /    ,  ,^  ^ 

.  n  ^  r  -'^ssoc.  M.  June      4 

ter  St.,  San  Francisco,  Cal I,,  ^ 

)  M.  June    12 

Cabstarphen,  Frederick  Charles.     Tramwav  )    .           ,,  a     -i     ^ 

•  /   Assoc.  M.  April     6 

Engr.,   Am.   Steel   &  ^^  ire   Co.,    Trenton.  )■  ^.  ,,          ,_ 

"    '                                               '  (   M.  May     lo 

N.    J )  •' 

Cobtright,    Edwin    Keen.     Res.    Engr.,    Law-   J  Jun.  Feb.  4 

rence  Central   Bridge,   40   Lawrence   St.,   V  Assoc.  M.  April  30 

Lawrence,    Mass )  M.  June  12 

Cromwell,  George.     City  Engr.,   4318   Sierra    i   Assoc.  M.  Oct.  ."i 

Vista  St.,  San  Diego,  Cal (  M.  June  12 

Cudebec,    Albert     Bennett.     Special     Eng.     Investigator, 

Elec.  Bond  &.  Share  Co.,  71  Broadway,  New  York  City.  May  15,  191 


1917 
1917 

1917 

1912 
1917 

1905 
1917 

1907 
1911 
1917 

1910 
1917 

1911 
1917 

1917 
1896 
1901 
1917 

1911 
1917 

1907 
1913 
1917 

1909 
1917 

1908 
1912 
1917 
1911 
1917 


454 


MEMBERSHIP — ADDITIONS 


[Society  Affairs. 


M. 

Jun. 

Assoc. 
M. 
Jun. 
Assoc. 


r  AS 
)  M. 


Assoc. 
M. 


M. 


M. 


M. 


MEMBERS   (Continued) 
CUBD,    William    Cantrill.     Contr.    Engr.,    R.    R.    Dept., 

Layne  &  Bowler  Co.,  Randolph  Bldg.,  Memphis,  Tenn. 
Davies,  John   Percival.     Office   Engr.,   Hono-   \  ^^^^^    ^ 

lulu  Iron  Works  Co.,  Woolworth   Bldg.,  V  ^ 

New  York  City ) 

Dewell,    Henry    Dievendorf.     58    Sutter    St.,    |   Assoc.  M. 

San   Francisco,    Cal f  M. 

Dickinson,    William    Dewoody.     Cons.    Engr.   ) 

f  Assoc    jVI 
(Dickinson  &  Watkins),  610  State  Bank   v 

Bldg.,  Little  Rock,  Ark 

Elam,  William  Earle.  Asst.  Engr.,  Missis- 
sippi Levee  Board,  Greenville,  Miss 

Gardner,  Harry  Carter.  Chf.  Engr.,  John  H. 
Wickersham,  72-4  North  Lime  St.,  Lan- 
caster,   Pa 

Gaumer,  Albert  Wesley.  Supt.,  Juragua 
Iron  Co.,  Box  383,  Santiago  de  Cuba, 
Cuba 

Gendell,  David  Smith,  Jr.     Mgr.  of  Erection,  McClintic 

Marshall   Co.,   Pottstown,   Pa 

■  Gentneb,  Otto  Henry,  Jr.  Cons.  Engr., 
Northwest  Cor.,  16th  and  Sansom  Sts., 
Philadelphia,  Pa 

George,  Howard  Howell.     Asst.  Engr.,  M.  of^ 

W.,  Public  Service  Ry.,  Room  646,  Pub-    i    Assoc.  M 
lie     Service     Terminal     Bldg.,     Newark,  (  M. 
N.    J J 

Ginsburg,  Samuel  Rowland.  Gen.  Supt.,  Cen- 
tral Romana,  La  Romana,  Dominican 
Republic 

Green,  Charles  Newton.  Engr.,  Subsurface 
Structures,  Public  Service  Comm.,  First 
Dist.,  120  Broadway,  New  York  City.  .  . 

Geoneb,  Trygve  Daniel  Bodtker.     Chf.  Engr.,   }  Assoc.  M. 
D.  T.  &  I.  R.  R.,  Springfield,  Ohio f  M. 

Guttin,    Henry.     Mech.    Engr.,    Am.    Cotton    Oil    Co.,    27 
Beaver   St.,   New   York   City 

Henderson,    Samuel    Whilden.     Gen.    Mgr.,  "^ 
Marysville  Light,  Power  &  Water  Co.; 
Vice-Pres.  and  Gen.  Mgr.,  The  Excelsior 
Springs  Water,  Gas  &  Elec.  Co.,  Excel- 
sior Springs,  Mo 

HiGGiNS,    Herman   Keene.     209    McBride    St.,    )   Assoc.  M. 
Jackson,     Mich f  M. 
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M. 


Assoc.  M. 
M. 

Assoc.  M. 
M. 


Assoc.  M. 
M. 


Date  of 
Membership. 

June  11,  1917 

May  2,  1911 

May  15,  1917 

May  2,  1911 

June  12,  1917 

May  3,  1910 

June  12,  1917 

Feb.  6,  1906 

Oct.  31.  1911 

June  12,  1917 

July  1,  1909 

Nov.  12,  1913 

June  12,  1917 

May  31,  1910 

June  12,  1917 


June    11,  1917 

Nov.       4,  1908 
May     15,  1917 


April  1,  1914 

June  12,  1917 

May  28,  1912 

May  15,  1917 

June  3,   1903 

June  12,  1917 

Mar.  4,   1914 

June  12,   1917 

May  15,   1917 

Sept.  6,  1905 

June  12,  1917 

Nov.  7,  1906 

Jan.  16,  1917 
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Meinbprship. 

Howard,    Oliver    Zctx.     Care,    The    Dianidiid    |   Assoc.  M.  Feb.  28,.  1911 

Match   Co.,   Lawrence,   Mass ^  M.  May  15,   1917 

Howe,    Clarexce   Decatur.     Cons.    Engr.,    2il  ^  Jun.  Oct.  5,  1909 

Fhior,  Whalen  Bldg.,  Port  Arthur.  Ont.,   C  Assoc.  M.  May  7,  1913 

Canada )   M.  June  12,   1917 

HUBER,    Walter    Leroy.     Cons.     Engr.,     1304    \  Jun.  April  3,  190(i 

First   National    Bank    Bldg.,    San   Fran-   I  Assoc.  M.  Mar.  1,   1910 

Cisco,  Cal )  M.  June  12,   1917 

HuRLBUT,  HiNMAN  Barrett.     Cons.  Engr.,  3318    |   Assoc.  M.  July  1,  1909 

Nineteenth  St.,  N.  W.,  Washington,  D.  C.    ^  M.  June  12,1917 

Ludlow,    Justin    Wyman.     Asst.    Engr.,    Los   \  Jun.  April  5,  1904 

Angeles    Harbor    Dept.,    City    Hall,    San   (.  Assoc.  M.  Mar.  1.   1910 

Pedro,  Cal \  M.  Jan.  Iti,   1917 

Lund,    Aij-red    Majendie.     2618    Gaines    St.,    )   Assoc.  M.  April  30,   1912 

Little   Rock,  Ark [  M.  April  18,   1917 

Lyndon,  Lamar.     Cons.  Engr.   (Lyndon  &  Taylor),  21  Park 

Row,  New  York  City May  15,   1917 

T  X-  r^^        T^  )  JuQ-  -A.ug.  31,   1909 

Mackall,    John    Nathaniel.       Office    Engr.,    /    .  ,,  ^  „ 

„',„.,  T^     .    TT       •  K         T>  >  ^^^<^'^-  ^-  June  30,  1911 

State  Highway  Dept.,  Harnsburg,  Pa.  .  .    ^  ^^  ^^^  ^^^  ^^^^ 

iJun.  Nov.  1,  1904 

Assoc.  M.  May  4,   1909 

M.  May  15,  1917 
Popebt,    William    Hope.     Contr.    Engr.,    Am.  "^ 

Bridge  Co.  and  U.  S.  Steel  Products  Co.,  '    Assoc.  M.  Nov.  4.   1908 

Room  609,  Rialto  Bldg.,   San  Francisco,   f  M.  April  18,   1917 

Cal J 

Ranney,    Willis.     Cons.    Engr.     (Bartlett    &  )    .  ^^  ti  »ir>ir, 

*=  /  Assoc.  M.  July  9,   1912 

Ranney),   Chandler   Bldg.,   San   Antonio,   y  ^.^  ^  ,-.    ,r,n^ 

^         ''  "^  'CM.  June  12,   1917 

Tex ) 

Shaw,  Percy  Augustus.     297  Grove  St.,  Fall    /  Assoc.  M.  May  7,  1913 

River,   Mass [  M.  June  12,   1917 

Shepperd,  Thomas  Shackelford.     Mgr.,  Ulen  |   Assoc.  M.  June  30,  1911 

Contr.   Co.,  Montevideo,  Uruguay f  M.  June  12,   1917 

Spalding,    Walter    James.     Supt.,    Municipal   )  Jun.  Nov.  1,  1904 

Eng.,  Southern  Dist.  of  Panama  Canal,    V  Assoc.  M.  Feb.  6,   1912 

Ancon,  Canal  Zone,  Panama )  M.  June  12,   1917 

Stabr,    Rex    Cameron.      Hvdr.    Engr.,    Pacific   )    .  ^r  t  .-.    imo 

'  *=  f   Assoc.  M.  Jan.  2,  1912 

Light  &  Power  Corporation,  603  Pacific   V  ,,  ,,  l<i    101" 

Elec.  Bldg.,  Los  Angeles,  Cal ) 

Tbost,  Adolpiius  Gustavus.     Structural  Engr.   i    Assoc.  M.  Sept.  3.  1913 

(Trost  &  Trost),  El  Paso,  Tex f  M.  June  12.   1917 

Tbueiiart,  Edwarl  Garland.     Chf.  Engr.,  Ulen  Contr.  Co., 

Montevideo,   Uruguay Mar  13,   1017 
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Membership. 

TnxocK.    HcBBrBT    Solthwick.     Mgr..    High-  J    ^^^^^^^  ^^^^^  ^^^^3 

way   Bridge   Dept.,   Mo.   ^  al.    Bridge   &   ^  ^^  ^^^^  ^.,    ^^^^ 

Iron    Co.,    Leavenworth,    Kans ) 

Wabxeb,  Jacob  Latch.     Eng.  Dept.,  E.  I.  du  Pont  de  Ne- 
mours &  Co.,  1017  Shallcross  Ave..  Wilmington.  Del.  :May  15.  1017 

Watkixs.  Guy  Axdeksox.     Cons.  Engr.  (Dick-   '\  Jim.  Jan.  3.  1907 

inson  &  Watkins),  610  State  Bank  Bldg.,    I  Assoc.  M.  Nov.  S.  1909 

Little  Eock,   Ark |  M.  June  12,   1917 

Whitcomb,  Ralph   Nims.     Asst.  to  Vice-Pres.,  The  J.   G. 
White  Eng.  Corporation,  43  Exchange  PI.,  Xew  York 

City May  1.5.  1017 

White,  Fka:s^k  Geobge.     Chf.  Engr.,  Board  of   ^   Jun.  Dec.  3,  1901 

State  Harbor  Commrs.,  Room  18,  Ferry    (.  Assoc.  M.  Dec.  7,  1904 

Bldg.,    San    Francisco,    Cal )  M.  Mar.  13.1917 

WnxiAMS,   JMaubice   William.     Senior    Asst.       ^^^^    ^^  j^^  3^    ^^^^ 

Engr.,  State  Engr.'s  Office,  158  State  St.,    L  ^  j^^^  ^.,    ^g^. 

Albany,  X.  Y )      ." 

Williams,  William  Hobace.     Civ.  Engr.  and  -j   ^^^^^    ^^  ^^^  ^^    ^^^_^ 

G«n.  Contr.   (Doullut  &  Williams),  1016   I  ^^^     '  '  '  j^^^'^  j.-,"   ^g^I 
Hibernia  Bank  Bldg.,  Xew  Orleans.  La .  .    \ 


ASSOCIATE  ilEMBEKS 

Andebsox.   Johx   Edwaed.     Lieut,    and    Adju-  ^   ^  .           oi     im- 

^     ^                   „       ,  /  Jun.  Aug.     31.  lOlo 

tant,  Roval  Engrs..  Headquarters,  Koval  y    ,  ,,       .      .,,_,„!- 

'       •                  „                                  ■  r  Assoc.  M.     April   1/,   191/ 

Engrs.,  33d  Div.,  B.  E.  F.,  France )  ^ 

Atwood,  Chester  Ely.    Res.  Engr..  The  Valier  \    ^  „  ,         ,     imn 

■r       1     „     TT-  ^         TT  ,•        /   Jun.  Feb.       1.  1910 

Montana    Land    &    Water    Co.,    Vaher,   I  ^^^^^    ^^      ^^^^     ^.    ^^^^ 

Mont 1 

Ayers,  IMl-bray  Chase.     1623  West  24th  St.,  Los  Angeles, 

Cal May     15,   1917 

Bakeb,   Fbedebick   Ajndbew.     Chf.   Engr.,   Bogalusa   Paper 

Co.,  Inc.,  308  Xorth  Border  Drive,  Bogalusa,  La June    11,  1917 

Baxisteb,  Wilbub  Tick.     Care,  Stone  &  Webster,  Whitins- 

ville,    Mass June    11,  1917 

Babbeb,  Justix  Fbedebic.     1515  Mozart  St.,  Alameda,  Cal.     April   17,   1917 
Beck.  Ralph  Ebxest.     Junior  Engr..  Grade  8,  "^ 

Public  Service  Comm..  First  Dist.   (Res.,   !    Jun.  Dec.       3.   1913 

14    Prospect    Park,    S.    W.),    Brooklyn,  f  Assoc.  M.     April   17.   1917 

X.  Y .  J 

Bexxison,  Ebxest  WrLLiAii.     County  Highway  and  Bridge 

Engr.,  Adams   County.    Corning.   Iowa Mar.     13,  1917 

Berents,  Hans.     Cons.  Engr.,   13  Xanking  Rd.,  Shanghai, 

China Mar.    13.  1917 
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ASSOCIATE  MEMBERS    {Conliiiited)  Date  of 

T^  ,,-  -r^  ^     .  ,   ^     .  Membership. 

BiCKERTOX,  \\  ILBUB  Earl.     Designer  and  Esti-  ^ 

mator,    Baltimore    Office,    Trussed    Con-    :    Jun.  Jan.  6,  1915 

Crete  Steel  Co.,  1123  Munsey  Bldg.,  Balti-   [Assoc.  M.  May  15,  1917 

more,  Md J 

Bishop,    Guy    IIersey.     City    Engr.,    Oehvein,  |    Jun.  Dec.  2,  1914 

Iowa [  Assoc.  M.  May  15,  1917 

Bogert,  Jonx  Ralph.     207  Colonial  Bldg.,  Wilkinsburg.  Pa.  ;May  15,  1917 

BoLTOX,    Fraxk    Leoxabd.     Res.    Engr.,    Mill  ■^ 

Creek  Flood  Control  Project,  508  Palace   I   ,  ,,      ^"^    ^^'  ^^^^ 

XT     A           TJi  1      -c-  •     r.  C  Assoc.  M.     Mav     15,  1917 

Hardware  Bldg.,  Erie,  Pa )  '  ' 

Bowex,  Robert  Lawtox.     Asst.  Engr.,  State  Harbor  Inipvt. 

Comm.,  26  Sycamore  St.,  Providence,  R.  I June    11,  1917 

Bowers.  Albert  George.     Gwynear,  Chefoo,  China Nov.    28,  1916 

Boyd,  Robert  Platt.     Res.  Engr.,  Parish  of  Ouachita.  Box 

375,    Monroe,   La June    11,   1917 

Bbiggs,  Robebt  \\esley.     Asst.  Engr.,  X.  Y.  C.  R.  R.,  20 

Rollins  St.,  Yonkers,  X.  Y June    11,  1917 

Browx,  Johx  Henry,  Jb.     Secy.,  Manwaring  &  Cummins, 

Int.,  24  East  Church  Lane,  Philadelphia,  Pa June    11,  1917 

Bltord,   Charles  Homer.     1306   Jackson   St.,   Sioux  City, 

Iowa Tune    11,   1917 

Campbbill,  Pall  Caldwell.     Casilla  de  Correo   /   Jun.  3tlay       6,  1914 

Xo.   403,  Montevideo.   Uruguay i    Assoc.  M.     April   17,   1917 

Caxfield,  George  Hathaway.     Civ.   Engr.,  Pacific  Gas  & 

Elec.  Co.,  1519  Alice  St.,  Oakland,  Cal May     15,   1917 

Carter,  Hugh  Rubex.     State  Highway  Engr.  of  Arkansas, 

1869  Gaines  St.,  Little  Rock,  Ark Mar.    13,  1917 

Catox,  John  Hirst.  3d.     70  Arnold  Ave.,  Providence,  R.  I.  .      June    11,   1917 

Chamberlin,    Eabl    William.     Engr.,    Fireproofing   Dept., 

U.  S.  Gypsum  Co.,  5865  Glenwood  Ave.,  Chicago,  111.  .     May     15,   1917 

Ch^vpix,  Charles  Walter.  Constr.  Engr.,  California  High- 
way Comm.,  320  Higuera  St.,  San  Luis  Obispo,  Cal.  .     June    11,  1917 

Chbisthilf,    Francis    Doesey.     Gen.    Contr.    (Carozza    & 

Christhilf),  18  York  Court,  Guilford,  Baltimore,  Md.     June    11,  1917 

Claysox,  Geobge  Phelps.  Mgr.,  Steel  Dept.,  Chicago  Office, 
Trussed  Concrete  Steel  Co.,  7455  Greenview  Ave., 
Chicago,     111 June    11,  1917 

Clixtox,  Dexmar  Smith.     Army  and  Xavy   Club,   ^Manila, 

Philippine    Islands Jan.     15,  1917 

Converse,  Joseph  Braxdly,     Asst.   State  Highway  Engr., 

State  Highway  Dept.,  Montgomery,  Ala May     15.  1917 

CotiBTEXAY,  William  Hexry.  Engr.,  Estimator,  and  De- 
signer for  C.  P.  Bower,  1324  X^orth  58th  St.,  Phila- 
delphia,   Pa June    11,  1917 
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ASSOCIATE  MEMBERS   (Continued)  Date  of 

Membership. 
Cressox,  James.     County  Engr.,  Montgomery  County,  Airy 

and  Church  Sts.,  Norristown,  Pa June    11,  1917 

DE    Mey,    Edouaru    Jean     Bernard.     Constr.   ^   j^^^  j^^        ^    19^2 

Engr.,  Toupet,  Beil  &  Conley,  Inc.,  730    C  ^^^^^    ^^  ^^^^     ^^'  ^^^^ 

H.  W.  Oliver  Bldg.,  Pittsburgh,  Pa ) 

Dodge,  Waldo  Edgar.     36  Eucalyptus  Rd.,  Berkeley,  Cal..  Mar.    13,  1917 
Draper,  Lott  Davis.     Structural   Engr.,  Am.   Bridge   Co., 

28  East  Tulpehocken  St.,  Germantown,  Philadelphia, 

Pa May     15,1917 

DUNLAP,   Arthur  Hoyt.     Chf.   Engr.,   Ward   County   Irrig. 

Dist.  No.   1,  Barstow,   Tex May     15,  1917 

DuNLAP,  John  Hoffman.     Asst.   Prof,   of  Hydraulics  and 

San.  Eng.,  The  State  Univ.  of  Iowa,   104-N,  Hall  of 

Eng.,   Iowa   City,   Iowa April   17,  1917 

DupuY,  Victor  Newton.     Asst.  Engr.,  Alaska  Juneau  Gold 

Min.  Co.,  Box  186,  Juneau,  Alaska Jan.     15,   1917 

Easton,  Russell  Burns.     Cons.  Engr.    (East-  |    Jun.  Mar.      3,  1908 

on  &  Wells),  Aberdeen,  S.  Dak ("  Assoc.  M.  Nov.     28,   1916 

Edgren,  Arthur  H.     County  Engr.,  Lancaster  County,  2045 

Pepper  Ave.,   Lincoln,   Nebr Jan.     15,  1917 

Edwards,    Ramon    Salas.     Prof.,    Civ.    Eng.,    Universidad 

Catolica  de  Santiago,  Compania  1618,  Santiago,  Chile.  April   17,  1917 

Ellis,  Lester  Fisher.     52  Waltham  St..  Lexington,  Mass.  May     15,  1917 

English,    Harold    Lewis.     Junior    Structural   )    ^  ,,  e    imo 

/   Jun.  Mar.      5,  1912 

Engr.,  Div.  of  Valuation,  Interstate  Com-   ^  ^^^^^    ^  ^^^     ^^^  ^^^^ 

merce   Comm.,  Washington,   D.   C ) 

EiRicsoN,  Lambert  Theodore.     Contr.  Engr.,  The  Jennison- 

Wright  Co.,  2463  Broadway,  Toledo,  Ohio May     15,   1917 

Eurich,  Richard  Henderson.     144  Union  St.,  |    Jun.  Mar.      4,  1913 

Montclair,  N.   J [  Assoc.  M.  June    11,   1917 

Everett.  Chester  McKenzie.      (Hazen,  Whipple  &  Fuller), 

30  East  42d  St.,  New  York  City May     15,  1917 

EvERS,  Rudolph.     1138  Hancock  St.,  Brooklyn,  N.  Y May     15,  1917 

Faison,  Haywood  Renick.   Box  651,  Wilmington,  N.  C.  .  .  .  Jan.     15,  1917 
Fellows,  Perry  Augustus.     Instr.  in  Civ.  Eng.,  Univ.  of 

Michigan,  636  South  12th  St.,  Ann  Arbor,  Mich June    11,   1917 

Fox,  Alvin  Bartholdi.      (Larson  &  Fox),   137   Smith   St., 

Perth  Amboy,  N.  J May     15,  1917 

Gale,   Clarence   Stephens.     Res.    Engr.,    Maryland   State 

Roads  Comm.,  Easton,  Md June    11,   1917 

Gabnett,   Benjamin   Jay.     Office   Engr.,    City   1   Jun.  Nov.       1,  1910 

Engr.'s  Office,  Spokane,  Wash [   Assoc.  M.  Jan.     15,  1917 

GiBBS,  William   Wctmore.     Asst.   Gen.   Mgr.,   |    Jun.  Oct.       7,  1914 

The  Phosphate  Min.  Co.,  Nichols,  Fla.    .    j"  Assoc.  M.  May     15,   1917 

Gibson,  Otis.     2407  Lincoln  Way,  San  Francisco,  Cal.  . April   17,  1917 
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ASSOCIATE  MFMBEK-s    (Continued)  Date  of 

Membership. 
GiESE.N",  Walter  Edward.     Estimator,  Fred  A.  Jones  Constr. 

Co.,  420  Intfiurbau  Bldg.,  Dallas,  Tex Nov.     28,   1916 

GoEDER,  Frank  Peat.  Asst.  Prof,  of  Physics  and  Electrical 
Eng.,  State  Agricultural  Coll.,  708  South  College  Ave., 
Fort    Collins,    Colo April   17.   1917 

GooDwix,    William    Robert.        Asst.    Engr,,    Citj^    Engr.'s 

Dopt..  2710  Pleasant  Ave.,  Minneapolis,  Minn May     15,   1917 

CiKAY,  Howard  Aloson.     Squad  Chf.,  Stone  &  Webster  Eng. 

Corporation,  71  Wallace  St.,  West  Sonierville,  Mass.  .     May     15,  1917 

Gruetzmaciier.  Clarence  Saylor.  767  Marshall  St.,  Mil- 
waukee,  Wis May     15,  1917 

Grunaukr,    Mortimer.     Field    Supt.,    Bing    &^ 

Bing    Constr.    Co.,    119    West    40th    St.  '    Jun.  Feb.       6,   1912 

(Res.,  216   West   141st  St.),   New   York  f    Assoc.  M.     Mar.    13,  1917 
•City J 

Hall,  Benjamin  Mortimer,  Jr.     Civ.  and  Min.  Engr.    (B. 

M.  Hall  &  Son),  501  Peters  Bldg.,  Atlanta,  Ga May     15,  1917 

Hanson,   Neal.     Associate  and   Superv.   Engr.,   Bartlett   & 

Ranney,  Inc.,  Eagle's  Nest  Dam,  Ute  Park,  N.  Mex. .  .     June    11,  1917 

Harter,    Aloysius    Frank.     Asst.    City    Engr.,    726    East 

Culver  St.,  Phoenix,  Ariz May     15,   1917 

Hartford,     Fred     Dailey.     Chf.     Draftsman 


Western   Chemical   Mfg.   Co.,    608   Pearl    I  *{""■      ,,      fP'"*^  ,, 
_^     ^  ^  ,  *  (   Assoc.  M.     June    11 

St.,  Denver  Colo 


Herkness,  Lindsay  Coates.     Capt.,  Corps,  of  Engrs.,  U.  S. 

A.,  Room  707,  Army  Bldg.,  New  York  City Mar.    13,   1917 

Hews,  Wellington  Prescott.  Asst.  Field  Engr.,  Interstate 
Commerce  Comm.,  731  Wells  Fargo  Bldg.,  San  Fran- 
cisco,   Cal June    11,  1917 

Hoffman,   Eugene  Robert.     Chf.   Draftsman,   Washington 

State  Highway  Dept.,  Box  535,  Olympia,  Wash May     15,   1917 

Huber,  Joseph   Earl.     Div.   Engr.,   State   Highway   Dept., 

Wise   Bldg.,   Mt.   Vernon,   111 May     15,   1917 

Hulsizer,  William  Hill.  Asst.  Engr.,  Valuation  Dept., 
U.  P.  R.  R.,  Room  207,  Union  Pacific  Headquarters, 
Omaha,    Nebr May     15,   1917 

Humphreys,    Ewing    Sloan.     Engr.,    John    T.    |   Jun.  Jan.     17,  1916 

Wilson  Co.,  Mutual  Bldg.,  Richmond,  Va.    f  Assoc.  M.     May     17,1917 

Johnson,  Halbert  Theodore.     407  Federal  Bldg.,  Salt  Lake 

City,    Utah April   17.   1917 

Johnson,  Hollistkr.  Junior  Engr.,  New  York  State  Con- 
servation Comm.,  Albany,  N.  Y May     15.   1917 

Jones,     Percival     Charles.     Res.     Engr.,     Westinghouse, 

Church,  Kerr  &  Co.,  1309  Cedar  Ave.,  Scranton,  Pa.      ^Lay     15.   1917 


1915 
1917 
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ASSOCIATE  MEMBERS    {Continued)  Date  of 

Membership. 
JoNKS.  Robert  Leroy.     304  California  Fruit  Bldg.,  Sacra- 
mento,   Cal May     15,   1917 

Kahi.er,  Charles  Porteriteld.     606   Deseret  Ne^A's  Bldg., 

Salt  Lake  City,  Utah Mar.    13.   1917 

Kauemann,   Ernst  Gustav.       Engr.,   Eastern    )  j^^^_  q^^_             ^^^^ 


Concrete    Steel    Co..   402    D.    S.    Morgan       ^^^^^    ^  ^^^^ 

Bldg.,  Buffalo.  X.  Y ) 

KiRSTEix.   Paul  Robert.     Asst.   Engr..   City   Engr.'s   Office 

2546  Auburn  Ave.,  Cincinnati,  Ohio May     15,  1917 

Knight,  Arthur  Julius.     Asst.  Prof.,  Civ.  Eng.,  and  Supt., 

Bldg.    and    Grounds.    Worcester    Polytechnic     Inst., 

Worcester,    Mass June    11.   1917 

KxoLLMAN,  Enko  Paul.      (Brauu,   Fleming  &   Knollman). 

30  East  Lane  Ave..  Columbus,  Ohio ]\Iay     15.   1917 

Kbeamer,  Adonis  William.     U.  S.  Junior  Engr.,  P.  0.  Box 

75,  Wheeling,  W.  Va May     15,  1917 

Lamb,  Lyman  Calvin.     54  Quinn  Ave.,  Youngstown,  Ohio.  .     June    11,  1917 
Lambert,     Edward     Allyn.     Chf.     Engr.,     New     England 

Branch,  The  Austin  Co.,  Newfield  Bldg.,  Bridgeport, 

Conn May     15,  1917 

La  Roche,  Arthur  I^ewis.     Deputy  City  Engr.,  City  Engr.'s 

Office,  Binghamton,  N.  Y May     15.   1917 

Larson,    Morgan    Foster.      (Larson    &    Fox),    137    Smith 

St.,  Perth  Amboy,  N.  J May     15,   1917 

MacNaughton,  Percival  John.     Res.  Engr.,   Fred  T.  Ley 

&  Co.,  Inc.,  19  Warner  St.,  Springfield,  Mass May     15,   1917 

McCluskey,    William    Oliver,    Jr.     County    Engr.,    Ohio 

County,  County  Bldg.,  Wheeling.  W.  Va May     15,  1917 

Mailey,   John    Bruce.     20   Howard    St.,    East    |   Jun.  April  30,  1912 

Lynn,  Mass f  Assoc.  M.     May     15,  1917 

Mandelzweig,    Hyman    Harry.      Asst.     Engr.,    Cuyahoga 

County,  1480  East  115th  St..  Cleveland,  Ohio May     15,  1917 

Manzanilla  y  Carbonell.  .Jose  .Justo.     Asst.    i  ,  t  on    imn 

/  Jun.  June  30,  1910 

Engr.,  Smith,  Ames  &  Chisholm,  Lonia   y  .            ,^  _  n     iniT 

"^                  '                                               "       (  Assoc.  M.  June  11,  1917 

510,  Havana,  Cuba 1 

MeI'TZER,  Joseph.     316  Dickinson  St..  Springfield,  Mass....      April   17,   1917 
Merriam,    Charies    Allen.     Structural    Engr.    and    Supt. 
of  Constr..  A.  E.  Doyle,  401   Worcester  Bldg.,  Port- 
land,    Ore June    11,  1917 

Mills,   Guy   G.     Acting  Dist.   Mgr..    Portland    )  j^^^^  j^^^^    ^^    ^^^^ 

Cement    A.ssoc..    1123    Hurt    Bldg.,    At-    -  '.      '      ,^       .      .,   T-'  ,^1-7 

•^  {   Assoc.  M.     April   1/,  1917 

lanta,  Ga )  ^ 

MioLLER,  Irving  Clark.     Care,  The  Barrett  Co.,  17  Battery 

PI..  New  York  City Mar    13,   1917 
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AS.SOCIATK    Mi:.\lI5KI!S     (< '(•!!  I  i  Illlcd  )  Date  Of 

Merabcrsliip. 
Murray,   ('i.nroRn   Eaton.     Anlit.   and   Knjir.,   j   .fun.  ;May       6,   1!)14 

26  Clinton  St.,  Newark,  N.  J f  Assoc.  :M.     ^lay     15,   1917 

Nelson,     Ernest     Benjamin.     Asst.     Enjiv..    i  -^  .       „     ,„,, 

Andes    Cooper    Mm.    Co.,    CasiUa    230,   I  ,^,r.,, 

^    ,    .         /      „,  .,  (   Assoc.  M.     May     15,   1917 

Antofogasta,    Chile ) 

Nicholson,    George    Frances.     Acting    Chf.    Engr.,    Port 

of  Seattle,  603  Thirty-third,  Nortli,  Seattle,  Wash...      May     15,  1917 

Olds,  Alrert  Roy.     Engr.,  M.   of   W.,  Havana   Elec.   Ry., 

Light  &  Power  Co.,  P.  O.  Box  570,  Havana,  Cuba May     15,  1917 

O'RouRKE,    Frank    Hugh.     Asst.    Gen.    Mgr.,    McNerney 

Constr.     Co.;     Engr.     and     Contr.      (McNerney     & 

O'Rourke),    Sellersville,    Pa May     15,1917 

Parker,    Kingsbury    Eastman.     Treas.    and  ^    ^ 

Tvr  ni-    +         n       4-       f-        ^Af^    rr  /   J""-  May       5,   1908 

Mgr.,    Canton    Constr.    Co.,    140    Town-  L    .  -.r      ,r         ,_    

,  ox     o       -n         ■  oi  (  Assoc.  M.     May     15,1917 

send  St.,  San  Francisco,  Cal j  '' 

Paxtox,  Thomas  Preston.     Conimr.  of  Pul)lic  Works,  Box 

937,    Okmulgee,    OkUi Tune    11,  1917 

Penn,  W  ii.LiAM  Clay.     Supt.,  Knoxville  Power  Co.,  Alcoa, 

Tenn June    11,    1917 

Persons,  Victor  Smith.     Sales  Engr.,  L.  A.  Norris  Co.,  140 

Townsend  St.,  San  Francisco,  Cal June    11,  1917 

Peters,     William     Frederick.      (The     Peters     Carpenter 

Handy  Co.),  206  Second  National  Bldg.,  Akron,  Ohio.  April  17,  1917 
Phalan,    John    Joseph    Francis.     Engr.    in   )    ^ 

Chg.    of    Constr.    of    Road    5585.    State   I  'i"""  ^^P"^  ^^'  ^^^^ 

Comm.  of  Highways,  Utica,  N.  Y \  ^^^^«.^-  ^^-  ^^^^     ^^'  1^17 

Pyle,    Clyde   Beeihoven.     Asst.    to    Mgr.,    McClintic-Mar- 

shall   Co.,   Pittsburgh,   Pa April   17,  1917 

QuiNN,  Maurice  James.     205  Lincoln  Bldg..  Detroit,  Mich.  May     15,1917 

Rakestr.\w,       Charles       Lysander.     Junior  \    j  t  ,    ,,Mr. 

T.                  --,    ^           ^^  /   J""-  J"n6  4,  1913 

Engr.,   U.    S.   Engr.    Office.   405    Custom  L    .            ,r  ^r  -,-    ^f^^- 

°    '                     6  r  Assoc.  M.  Mav  lo,   1917 

House,  San  Francisco,  Cal ) 

Ramser,    Charles    Ernest.     P.    0.    Box    294.   )   Jun.  :Nrar.      1.  1910 

Jackson,  Tenn f  Assoc.  ^1.     June    11,   1917 

Ray,  Robert  Bright.     3017  Brighton  Ave..  Los  Angeles.  Cal.      April   17.   1917 

Reaxey,     Charles     Franklin.     Asst.     Engr.,  )   ^  .  .,i     iriiK 

^^  I  Jun.  Aug.  31,   1915 

Waterloo,   Cedar   Falls   &  No.   Rv..   322  I    .  ,,      ^   ^  1-1017 

'  r  As.soc.  M.     Jan.  lo,   1917 

Denver   St.,   Waterloo,   Iowa ) 

Reed,   Percy  Lawrence.     Senior  Instr.,  Civ.  Eng.,  Drexel 

Inst.,  268  South  38th  St.,  West  Philadelphia,  Pa June    11.   1917 

Riddlp:.    William    Cathcart.     Asst.    Engr.,    Pennsylvania 

State   Dept.   of  Health.   Harrisburg,   Pa June    11.   1917 

RiNEHART,  Charles  Ramsay.     50  Church  St.,  Room  2079, 

New  York  City ^lay     15,  1917 
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ASSOCIATE    MEMBEBS     (Cotltt7lued)  Date  of 

Membership. 
ROSCHE.    WiUBERT    RoBix.     OflBce    Engr.,    H.    Koppers    Co., 

1109  College  Ave.,  Pueblo,  Colo May     15.   1917 

Ross,  AxDBEW  Fbancis.     4167  Julian  St.,  Denver,  Colo.  .  .  .      June    11.  1917 

Saxe,  Vax  Rensselaeb  Po^vELI,.     Pres.,  Stand-  i  -^  ,         .    ,„„„ 

„      ,    ^        T^   .  ,      ,      ,  /  Jun.               Feb.       4.  1908 

ard    Concrete    Steel    Co.,    Knickerbocker  I  ^o    ,«,^ 

_  ,  .              ,,,  (  Assoc.  M.     ^ov.     28,  1916 

Bldg.,    Baltimore,   Md ) 

ScHABPEXBERG,  Chables  CHRISTIAN.  Efficiency  Engr.,  Pro- 
ducing Dept.,  Standard  Oil  Co.,  2110  Nineteenth  St., 

Bakersfield,    Cal May     15,   1917 

Scott,  Lewis  Pelot.     Asst.  Engr.,  Illinois  Highway  Dept., 

138  Fox  St.,  Aurora.  Ill June    11,   1917 

Secbest,  Thomas  William.     Locating  Engr.,  Alaskan  Eng. 

Comm.,    Anchorage,    Alaska April   17,   1917 

Shebmax,    James    Hilton.      Vice-Pres.    and    Chf.    Engr.. 

Reyburn-Sherman   Eng.    &    Constr.    Co.,    3600    Paseo, 

Kansas  City,  Mo May     15,  1917 

SiGLEB,  Elmeb.     Vice-Pres.   and  Engr.,  J.   P.   Sprague   Co., 

1308  Rialto  Bldg.,  Kansas  City,  Mo May     15,  1917 

SiLAGi,  Eugexe  Adalbert.     Mgr.,  Columbus  Branch,  Trussed 

Concrete  Steel  Co.,   1000  Columbus  Savings  &  Trust 

Bldg.,    Columbus,    Ohio June    11,1917 

Smith,    Elroy    George.     400    Harrison    Bldg.,  )    Jun.  Sept.      1,  1908 

Augusta,    Ga \  Assoc.  M.     April  17,   1917 

Smith,  Roy  Elmeb.     Draftsman,  Copper  River   |    Jun.  June    30,  1911 

&  Northwestern  Ry.,  Cordova,  Alaska..  )  Assoc.  M.  April  17,  1917 
Speab,  Roy  Elbert.     Engr.,  Sewer  Design,  Engr.  Dept.,  1316 

Beach  St.,  Flint,  Mich Mar.    13,   1917 

Steele,  Isaac  Cleveland.     Civ.  Engr.,  Pacific  Gas  &  Elec. 

Co.,  445  Sutter  St.,  San  Francisco,  Cal May     15,  1917 

Tabeb,  Rock  Granite.     Supt.  of  Constr.,  Stone  &  Webster. 

3005  Holmes   St.,   Dallas,  Tex June    11,  1917 

Thobnton,   Louis    Eable.     Care,    1st   Company,    E.    0.    R. 

T.  C,  American  Univ.  Grounds,  Washington.  D.  C.  .  .  June  11,  1917 
Tbetten,     Otto     Christian.     Care,     California     Highway 

Comm.,  Gaviota,  Cal May     15,  1917 

Tyson,  William  Clalde.     Junior  Engr.,  U.  S.  Engr.  Office, 

Kansas  City,  Mo May     15.  1917 

Van  Auken,  Claude  Linn.     Asst.  Engr.,  N.  Y.  C.  R.  R., 

5256  Fulton  St.,  Chicago,  111 May     15,   1917 

Van  Vliet,  George  Pabkeb.     Chf.  Engr.,  The  Robinson  Clay 

Product  Co.,  1010  East  Market  St.,  Akron,  Ohio May     15,  1917 

Walkeb,  Lesteb  Carl.     Asst.  Chf.  Engr.,  Idaho  Irrig.  Co., 

Ltd.,  Richfield,  Idaho Mav     15,  1917 
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ASSOCIATE  itEMBERS    (Continued)  Date  of 

Membership. 
Waller,   John    ^[ai.colm.     Junior    Structural "\ 

Engr..      Interstate      Commerce      Comm.,    i    Jun.  Dec.       2,  1914 

Western  Dist.,  Div.  of  Valuation,  Inter-    f    Assoc.  M.     June    11,  1917 

stat«  Bldp.,  Kansas  City,  Mo J 

^\  ARn.  George  Sp.\rkman'.     Bowman,  S.  C.  .  .      r    .  ,,      ^  ,_    

\  Assoc.  M.     Jan.     15,  1917 

Ward,  Herbert  Kirkmax.     Care,  S.  L.  WarJ,  2931  Dale  St., 

San   Diego,    Cal May     15.  1917 

Ward,    Jasper    Dudley.     Co.    C,    55th    Infantry,    Military 

Branch,    Chattanooga,    Tenn Mar.    13,  1917 

Warren,  Minton  Machado.     Secv.,  Hvdr.  Div..  ■)    _ 

Stone  &   U  ebster  Eng.   Corporation.   147   V.  ,,      ,,  ,..,„,- 

Milk  St.,  Boston,  mLs.  .  . ..\   ^^^^''^  ^'-     ^'^^     '''  '''' 

Webster,  Maurice  Anderson.     With  William  ^ 

Steele  &  Sons  Co.,  238  Winona  Ave.,  Ger-   t    .•      _      ^^P*"      2,1914 
4.           t.u-1   J  1   1  •       r>  \   Assoc.  M.     Mav     15,   1917 

mantovvn,  Fhiladelphia,  Pa l 

Wells,  Frank  Harris.  Structural  Designer  of  Bldgs., 
Larrowe  Constr.  Co.,  1199  Woodward  Ave..  Detroit, 
:Mich April   17.   1917 

Wells,  H.vrry  Artemas.  Supt.,  Bldgs.  and  Grounds,  Dart- 
mouth Coll.;  Cons.  Engr.  and  Archt.,  Parkhurst  Ad- 
ministration Bldg.,   Hanover,  X.  H May     15,  1917 

Wright,  Claude  Richard.     Engr.  Insp.,  U.  S.  Engr.  Office, 

802  Couch  Bldg.,  Portland.  Ore April   17.   1917 

YoLTON,  Robert  Elgene.     Chf.  Engr.,  Kilby  Frog  &  Switch 

Co.,  2906  Xorth  13th  Ave.,  Birmingham,  Ala April  17,  1917 

YouMANS,    George    Leland.     Supt.,    Puyallup   |   Jun.  Jan.       7,  1913 


^uyallup    J 
,  Wash.    \ 


Dredging  Co.,  Box  1610,  Tacoma,  Wash,    f  Assoc.  M.     June    11,   191 


juniors 

Anderson,  Roy  Leonard.     Engr.  and  Salesman,  California 

Corrugated  Culvert  Co.,  West  Berkeley,  Cal Jan.     11,   1917 

Arnold,  Leon  John.     1018  East  163d  St.,  New  York  City. .     Jan.     15.  1917 

Austin,  Herbert  Ashford  Robertson.  Junior  Engr., 
U.  S.  Geological  Survey.  Water  Resources  Branch, 
20  Kapiolani   Bldg..  Honolulu,  Hawaii April   17,  1917 

BiNGEB,  Walter  David.     Hotel   Essex,  Madison  Ave.   and 

56th  St.,  New  York  City May     15,  1917 

Bragonier,  Arthur  Taylor.     420   Campbell   Ave.,   S.   W., 

Roanoke,    Va May     15.   1917 

Bricklin,  Simon.  Draft.sman,  Bureau  of  Yards  and  Docks, 
Navy  Dept,,  Navy  Yard  (Res.,  62  Coming  St.), 
Charleston,  S.   C May     15.   1917 

Bubger,  Alfred  Andrew.     Dovlestown.  Ohio June    11,  1917 
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JUNIORS    ( Continued )  Date  of 

Membership. 
Carnelli,  Charles  Michael.     Meter  Tester,  Westinghouse 

Elec.  &  Mfg.  Co.  of  Newark,  N.  J.,   160  East   115th 

St.,  New  York  City June    11,   1917 

Genung,  James  Holcombe,  Jr.     3d  Co.,  Engrs.,  0.  T.  S., 

Fort    Leavenworth,    Kans Jan.     15,  1917 

Graff,  George  Washington.  Res.  Chemist  and  Bac- 
teriologist, Kingston  Municipal  Water  Supply,  Box 
91,  R.  R.  2,  Kingston,  N.  Y Jan.     15,  1917 

Grehan,     Bernard     Henry.       3431      Prytania     St.,     New 

Orleans,    La May     15,   1917 

HiCKOK,  Charlie  William.  Rodman,  Interstate  Commerce 
Comm.,  Div.  of  Valuation,  Interstate  Bldg.,  Kansas 
City,    Mo Mar.    13,   1917 

HussoN,    William    Moragne.     2d    Lieut.,     17th    Cavalry, 

Douglas,  Ariz June    23,   1916 

Knost,  William  Arnold.     Care,  United  Fruit  Co.,  Bocas 

del  Toro,  Panama April   17,  1917 

Landreth,   James   Taylor.     Asst.   Engr.,   Bronx   Parkway 

Comm.,   Scarsdale,  N.  Y Nov.     28,  1916 

Merckel,  Frederick  George.     Engr.,  Trustees,  Estate  of 

William  Beard,  502  West  139th  St.,  New  York  City.  .      April   17,   1917 

Morgan,  Thomas  Charles.     1173  Bushwick  Ave.,  Brooklyn, 

N.    Y May     15,   1917 

Nabow,     David.     Care,     Southern     Power     Co.,     Charlotte, 

N.    C May     15,  1917 

Nichols,  Arthur  Clough.  Junior  Engr.,  Southern  Ry. 
System,  Lines  East,  701  West  Church  St.,  Knoxville, 
Tenn June    11,  1917 

Pereira,  Armando  de  Arruda.  Engr.,  Companhia  Con- 
structora  de  Santos,  Avenida  Cons.  Nebias  559, 
Santos,    Brazil Jan.     15,  1917 

Pierce,     Charles     William.     1122     West     8th     St.,     Los 

Angeles,    Cal April  17,  1917 

PocKELs,  William  Henri  Francais  August.  Asst.  Engr., 
Buenos  Aires  New  Port  Works,  Care,  C.  H.  Walker  y 
Cia.,  Retiro,  Obras  de  la  Puerta  Nueva  de  la  Capitol, 
Buenos  Aires,  Argentine  Republic May     15,  1917 

Peichett,    Frederic    Borradaile.       4909    Monument    Rd., 

North  Wynnefield,  Philadelphia,  Pa May     15,   1917 

Reynolds,  Leo  Francis.     Care,  G.  I.  Bridge,  St.  Joseph, 

Mo June    11,1917 

Sei.l,  William  Osborne.     Box  819,  Birmingham.  Ala Jan.     15,  1917 

Seward,  Harold  Clinton.  Supt.  of  Constr.,  Baillie  &  John- 
son, Inc.,  623  Ave.  L,  Brooklyn,  N.  Y Jan.     15,   1917 
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Membership. 
Shea,     William     Edward.     Independeucia    20,     Caibarien. 

Cuba May     ].5,   1017 

Stanton,  William  Lewi.s.     Draftsman,  Baker  Iron  Works, 

126C   West  Third  St.,   Los  Angeles,   Cal June    11.  1917 

Stem,  Clifford  Hoey.     Asst.  to  City  Engr.,  7933  Poplar  St., 

New  Orleans,  I.a April  17,  1917 

SwANSON,   William   Robert.     Engr.,    Flat  Slab   Eng.    Co.. 

1049  Otis  Bldg.,  Chicago,  111 June    II,  1917 

Walker,   Watson    Frank.     San.   Engr.,   Detroit  Board   of 

Health,    Detroit,   Mich Jan.     15,  1917 

Weber,  Walter  Raymond.     52  South  Lincoln,  Denver,  Colo.     May     15,  1917 
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Abbott,  Hunley.     With  The  Bartlett  Hayward  Co.,  Baltimore,  Md. 

Adams,  Edwin  Griggs.  Care,  Frederic  de  P.  Hone  &  Co.,  13  Park  Row 
Bldg.,  New  York  City. 

Allan,  Percy.  Chf.  Engr.  for  National  and  Local  Government  Works, 
Public  Works  Dept.,  Sydney,  New  South  Wales,  Australia. 

Allen,  Charles  Kyes.  With  Waddell  &  Son  (Res.,  3823  Wabash  Ave.), 
Kansas  City,  Mo. 

Allen,  Waxter  Henry.  Cons.  Engr.,  122  South  Michigan  Ave.,  Chicago, 
HI. 

Ammann,  Othmar  Hermann.     South  Amboy.  N.  J. 

Andresen.  Herman  Peter.  (H.  P.  Andresen  &  Co.),  105  West  Monroe  St., 
Room  1503,  Chicago,  111. 

Andrews,  James  Henry  ^Iillar.  Care,  The  Engineers  Club  of  Phil- 
adelphia, 1317  Spruce  St.,  Philadelphia,  Pa. 

Atwood,  William  Greene.  Maj.,  I7th  Engrs.  (Ry.),  American  Expedi- 
tionary Force  in  France,  Care,  Adjutant  General,  Washington,  D.  C. 

Bakenhus,  Reuben  Edwin.  Civ.  Engr.,  U.  S.  N.,  Bureau  of  Yards  and 
Docks,  Navy  Dept.,  Washington,  D.  C. 

Baxter,   Frank  Edwin.     Railroad  Contr.,  2743   Fulton  St.,  Berkeley,  Cal. 

Beatty,  Philip  Asfordby.     Div.  Engr.,  B.  &  O.  R.  R..  Wheeling,  W.  Va. 

Benfield,  Abel  Morris.     Cons.  Engr.,  525  Rialto  Bldg..  San  Francisco,  Cal. 

Betts,  Fred  Keeleb.     Marlboro,  N.  Y. 

Billings,  Asa  White  Kenney.  Hotel  Margaret,  97  Columbia  Heights, 
Brooklyn,  N.  Y. 

Bissell,  Clinton  Spencer.     Prin.  Asst.  Engr.,  P.  R.  R.,  Ocean  Gate,  N.  J. 

Bixby,  William  Herbert.  Brig.-Gen.,  U.  S.  A.  {Retired)  ;  Pres.,  Missis- 
sippi River  Comm.,  428  Custom  House,  St.  Louis.  Mo. 

Black,  Gurdon  Gilmore.  5th  Company,  Engr.'s  Training  School,  Fort 
Leavenworth,    Kans. 
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BoGGs,  Frank  Granstoun.     Lt.-Col.,  Corps  of  Engrs.,  U.  S.  A.,  Care,  Dept. 

Engr.,  Fort  Sam  Houston,  Tex. 
BoNSTOW,  Thomas  Lacey.     Care,  W.  A.  Body,  Ave.  ]Morelos  No.   17,  Vera 

Cruz,  Ver.,   Mexico. 
BoYDEX,  Harry  Chester.     Capt.,  Corps  of  Engrs.,  U.  S.  R. ;  Asst.  to  Dept. 

Engr.,  Western  Dept.,  San  Francisco   (Res.,  29  Linda  Ave.,  Oakland), 

Cal. 
Brewster,  Henry  Baum.     134  Holland   St.,  Syracuse,  N.  Y. 
Bright,   Joseph    Shirley.       Care,   County   Surveyor's    Office,   Visalia,    Cal. 
Brown,    Charles    Carroll.     Cons.    Engr.,    2535    North    Pennsylvania    St., 

Indianapolis,  Ind. 
Bryant,  Byron  Harkness.     39   East  35th   St.,  New  York   City. 
Buck,  Fred.     With  State  Highway  Comm.,  Albany,  N.  Y. 
Bull,  George  Mairs.     Cons.  Engr.,  Foster  Bldg.,  Denver,   Colo. 
Burgess,  Alfred  Samuel.     Asst.  Engr.,  Dept.  of  Water  Supply,  Gas,  and 

Electricity,   13   Park  Row,  New  York  City    (Res.,   128  McLean  Ave., 

Yonkers,  N.  Y.). 
Burke,  Milo  Darwin.     Cons.  Engr.,  R.  F.  D.  No.  8,  Ashland,  Ohio. 
Butleb,   John    Soule.     Maj.,    Engr.    Officers'    Reserve    Corps,    Engr.    Depot 

and  Purchasing  Office,   1419   F  St.,  Washington,  D.  C. 
Cameron,  Harry  Frank.     Capt.,  Officers'  Reserve   Corps,   Co.  3,  American 

Univ.,  Washington,  D.  C. 
Clark,  Ernest  Alden.     401G  Clarendon  Ave.,  Chicago,  111. 
Clarke,    Thomas    Curtis.     Capt.,    Corps    of    Engrs.,    U.    S.    R.,    American 

Univ.,   Massachusetts   and   Nebraska  Aves.,   Washington,   D.    C. 
Cline,     McGarvey.     Vice-Pres.,     Florida     Pine     Co. ;     Engr.,     Commodores 

Point   Terminal   Co.,    1936   East  Duval    St.,  Jacksonville,    Fla. 
Corning,    Dudley    Tibbits.     First   Highway   Dist.,    Room    336,    City    Hall, 

Philadelphia,  Pa. 
Cbownover,   Charles   Elmer.     Project   Engr.,   U.    S.   Reclamation    Service, 

Rimrock,  via  Naches,  Wash. 
Darling,  William  Lafayette.      (Director.)     2100  Inglehart  Ave.,  St.  Paul, 

Minn. 
Darrow,   Wilton  Joseph.     261   West  72d   St.,  New  York   City. 
Darwin,  Walton  Pruett.     St.   Inigoes,  Md. 
Dent,  Elliott  Johnstone.     Maj.,  Corps  of  Engrs.,  U.  S.  A.,  Burke  Bldg., 

Seattle,  Wash. 
Dieck,   Robert    George.     Commr.    of   Public    Works,    606    Oregonian    Bldg., 

Portland,  Ore. 
Drew,    Charles    Davis.     Res.    Engr.,    East   River    Tunnels.    Public    Service 

Comm.,  159  Remsen  St.,  Brooklyn   (Res.,  18  Ash  St.,  Flushing),  N.  Y. 
Dunham,  Herbert  Franklin.     149  Broadw.ay,  New  York  City. 
Durham,  Edward  Miall,  Jr.     Asst.  Chf.  Engr.  of  Constr.,  So.  Ry.  System, 

1300   Pennsylvania  Ave.,   Washington,   D.   C. 
Elliott,  James  William.     Box  269,  Roanoke,  Va. 
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MEMBERS   (Continued) 
Feller,    Frank   Henry.     Cons.    Engr..    2208    ]\IiIford    PI.,    Spokane,    Wash. 
FicKES.    Clark   Robinson.     Clarendon    Hills,    II!. 
Filley,   Oliver   Dwigiit.     Army   Headquarters,   San   Francisco,    Cal. 
Flad.    Edward.     Pres.,   Flad-Humplirey   Eng.    Co.;    Member,   Public   Service 

Comm.,   State   of  Missouri,   JefTerson   City,   ]\Io. 
Fox,    Henry.     U.    S.    Asst.    Engr.,    Survey,    Arkansas    River,    Care,    U.    S. 

Engr.   Office,   Little   Rock,   Ark. 
Francis,  Harry  Vivian.     Seaview  Ave.,  Brighton  Beach,  Victoria,  Australia. 
Fries,  Amos  Alfred.     Lt.-Col.,  Corps  of  Engrs.,  U.  S.  A.,  American  Expedi- 
tionary Forces,  France. 
Fritch,  Louis  Charlton.     Gen.  Mgr.,  Seaboard  A.  L.  Ry.,  Royster  Bldg., 

Norfolk.   Va. 
Gamble,  Francis  Clarke.     Union  Club.  Victoria,  B.  C,  Canada. 
Garrett,  James  Edwin.     Care,  Cia.  Minera  Paloraa  y  Cabrillas,  Higueras, 

Coah.,  Mexico. 
Gerig,  William.     Cons.  Engr.,  Alaskan  Eng.  Comm.,  Anchorage,  Alaska. 
GiBAND,  James  Bell.     City  Engr.,  City  Hall,  Phoenix,  Ariz. 
Gk)ETHALS,   George   Washington.     Maj.-Gen.,   U.    S.   A.    (Retired)  ;    Cons. 

Engr..  40  Wall  St.,  New  York  City. 
Goodale,  Loomis   Farrington.     5188  A,  Page  Boulevard,  St.  Louis,  Mo. 
Goodrich,  Ralph  Dickinson.     City  Engr.,  Lansing,  Mich. 
Gould,  William  Tillotson.     Engr.   Officers'  Reserve  Corps,  Madison  Bar- 
racks, N.  Y. 
Green,  Bernard  Lincoln.     Vice-Pres.,  The  Osborn  Eng.  Co.,  2848  Prospect 

Ave.,   S.   E.,   Cleveland,   Ohio. 
Haines,  Henry  Stevens.     Lenox,  Mass. 
Hains,   Peter   Conover.     Maj.-Gen.,   U.   S.  A.    (Retired),  The  Argyle,    16th 

and  Webster  Sts.,  Washington,  D.  C. 
Hale,  Herbert  Miller.     Care,  Holbrook,  Cabot  &  Rollins  Corporation,  52 

Vanderbilt  Ave.,  New  York  City. 
Hall,  Julius  Reed.     Vice-Pres.  and  Mech.  Engr.,  Booth-Hall  Co.,  565  West 

Washington  Boulevard,  Chicago,  111. 
Harvey,  Herbband.     Res.  Engr.  of  Conptr.,  Chile  Exploration  Co.,  Chuqui- 

camata   (via  Antofogasta),  Chile. 
Hayden,    William    Wallace.     Valuation    Engr.,    Ala.    &    Vicksburg    Ry., 

Vicksburg,  S.  &  Pac.  Ry.,  Queen  &  Crescent  Bldg.,  New  Orleans,  La. 
Hazlehurst,  James  Nisbet.     Maj.,  Engr.  Section,  O.  R.  C,  P.  0.  Box  1273, 

Atlanta,  Ga. 
Hedke,  Charles  Richard.     Agricultural  Dept.,  The  Great  Western  Sugar 

Co.,  Lovell,  Wyo. 
Heuer,    William    Henry.     Col.,    U.    S.    A.    (Retired),   Room    401,    Custom 

House,  San  Francisco,  Cal. 
Hewins,  George  Sanford.     Newcastle,  N.  H. 
Hewitt,  Charles  Edward.     413  Bollevue  Ave.,  Trenton,  N.  J. 
Hill,   William   Ryan.      (Director.)      Cons.   Engr.,    562    Broadway,   Albany, 

N.  Y. 
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Hobby,  Arthur  Stanley.     Central  F§,  Salamanca,  Santa  Clara,  Cuba. 

HocKE,  Julius  George.  ( Barney-Hocke-Ahlers  Constr.  Corporation),  110 
West  40th  St.,  New  York  City  (Ees.,  69  West  30th  St.,  Bayonne, 
N.  J.). 

Hodge,  Henry  \\  ilson.     Maj.,  Engr.  O.  R.  C,  Headquarters,   France. 

HoGAN,  John  Philip.  Capt.,  1st  Reserve  Engr.  Regiment,  32  West  40th 
St.,  New  York  City. 

Holmes,   Lemuel.     255  Hamilton  St.,  Albany,  N.  Y. 

HONNESS,  George  Gill.  Dept.  Engr.,  Board  of  Water  Supply,  City  of 
New  York,  Grand  Gorge,  N.  Y. 

Howe,  George  Edward.     633  Cedar  St.,  Elkhart,  Ind. 

Howe,  Wilson  Tvler.  Constr.  Dept.,  Consumers  Power  Co.,  Grand  Rapids, 
Mich. 

Hudson,  Harold  Walton.     2  South  Morris  Ave.,  Atlantic  City,  N.  J. 

Huff,  Clyde  Leslie.     Orange  City,  Iowa. 

Hughes,  Francis  Dey.  Chf.  Engr.,  Contr.  Dept.,  Illinois  Steel  Bridge  Co., 
412  Title  Guaranty  Bldg.,  St.  Louis,  Mo. 

Joachimson,  Makton.  Asst.  Engr.,  Dept.  of  Plant  and  Structures,  Munici- 
pal Bldg.   ( Res.,  1  Convent  Ave. ) ,  New  York  City. 

Johannesson,  Sigvald.  Asst.  Engr.,  I.  R.  T.  Co.,  50  Park  PL,  New  York 
City. 

Johnston,  Albert  William.  Asst.  to  Pres.,  N.  Y.  C.  &  St.  L.  R.  R.,  624 
Columbia  Bldg.,  Cleveland,  Ohio. 

Kastl,  Alexander  Edward.     Cons.   Engr.,   Chillicothe,   111. 

King,  Winfield  Scott.  Capt.,  U.  S.  A.,  Fort  Benjamin  Harrison,  Indian- 
apolis, Ind. 

Kinsley,  Thomas  Pearson.     1612  East  75th  St.,  Cleveland,  Ohio. 

Lacy,  Robert.     Engr.  and  Contr.,  403  Finance  Bldg.,  Philadelphia,  Pa. 

Lea,  Richard  Smith.  Cons.  Engr.,  809  New  Birks  Bldg.,  Montreal,  Que., 
Canada. 

Leffler,  Burton  Rutherford.  Engr.  of  Bridges,  N.  Y.  C.  R.  R.,  Lines 
West  of  Buffalo,  8515  Linwood  Ave.,  Suite  4,  Cleveland,  Ohio. 

Lepper,  Fued  William.     Care,  Bankers  Realty  Co.,  Omaha,  Nebr. 

McCormick,  Herbert  Granville.     1104  Realty  Bldg.,  Charlotte,  N.  C. 

McGiNNis,  Frank  Thomas.     P.  0.  Box  364,  Rome,  Ga. 

Mathewson,  Thomas  Knight.     1919  Mulberry  Ave.,  Muscatine,  Iowa. 

Mead,  John.     Cons.  Engr.,  Box  263,  Fort  Worth,  Tex. 

Moore,  William  Smelsor.  State  Highway  Engr.,  Room  111,  State  House, 
Indianapolis,  Ind. 

Mordecai,  Augustus.  Cons,  and  Const.  Engr.,  2516  Kenilworth  Rd.,  Cleve- 
land, Ohio. 

Moulton,  Seth  Augustine.  Cons.  Engr.  (The  Moulton  Eng.  Corpora- 
tion), 534  Congress  St.,  Portland,  Me. 

Neeld,  Almos  Davidson.     323  Fourth  Ave.,  Pittsburgh,  Pa. 

Nichols,  Walter  Swain.     1627  Sansom  St.,  Philadelphia,  Pa. 
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Palmku,  Charles  Walter.     Cons.  Engr.,  620  Perry  Bldg.,  Philadelphia.  Pa. 
Palmer,  George  Frederick.     Elmcroft,  Lyndhurst  Rd.,  Benton,  Newcastle- 

ou-Tyne,  England. 
Paret,  Milnor  Pi:ck.     Lake  Charles,  La. 

Pearl,  James  Warren.     6328  South  Peoria  Ave.,  Chicago,  111. 
Perri.xe,  Ren  Brown   (Prack  &  Perrine),  808  Lumsden  Bldg.,  Toronto,  Ont., 

Canada. 
Pitman,  Frederick  Longfellow.     Cons.  Engr.,  Grandview,  Wash. 
PoHL,    Charles    Andrew.     Cons.    Engr.     (Bogart    &    Pohl),    29    Broadway, 

New  York  City. 
Polk,  Armour  Cantrell.     P.  0.  Box  523,  Fairmont,  W.  Va. 
Pratt,  Arthur  Henry.     Reserve  Officers'  Training  Camp,  American  Univ., 

Massachusetts  and  Nebraska  Aves.,  Washington,  D.  C. 
Raymond.  Alfred.     Gen.  Mgr.,  Drainage  Dept.,  Sewerage  and  Water  Board 

of  NeAV   Orleans,  503   City  Hall  Annex    (Res.,    L324  Nashville   Ave.), 

New  Orleans,  La. 
Reedy,  Oliver  Thomas.     Constr.  Engr.,  U.  S.  Reclamation  Service,  Torring- 

ton,  Wyo. 
Reppert,  Charles  Miller.     Div.  Engr.,  Bureau  of  Eng.,  Room  422,  City- 
County   Bldg.,   Pittsburgh,   Pa. 
Richmond,  Waldmar  Spaulding.     Cons.  Engr.,  868  Trumbull  Ave.,  Detroit, 

Mich. 
RiTTENHOUSE,  WALTER  Britton.     354  Park  Ave.,  River  Forest,  111. 
RoBBiNs,  Samuel  Bostwick.     Cons.  Irrig.  Engr.,  P.  0.  Box  37,  Fort  Shaw. 

Mont. 
RoTHROCK,  William  Powell.     Constr.  Engr.,  612  East  Beaver  Ave.,  State 

College,  Pa. 
Rousseau,  Harry  Harwood.     Rear-Admiral,  V.  S.  N. ;   Member,  Conim.  on 

Navy  Yards  and  Naval  Stations.  Navy  Dept.,  Army  and  Navy  Club, 

Washington,   D.   C. 
Saunders,    Walter    Bowen.     Chf.    Engr.,    Miracle    Eng.    Co.,    Great    Falls, 

Mont. 
Schmidt,    ^Iax    Eberhardt.     Pres.    and    Chf.    Engr.,    Continuous    Transit 

Securities  Co.,  1834  Broadway,  New  York  City. 
Schneeweiss,   Adolph   Eugene.     258   Third  St.,  Clifton,   N.  J. 
Schreiber,  John  Martin.     Chf.  Engr..  Public  Service  Ry.,  759  Broad  St., 

Newark,  N.  J. 
Sewell,  John   Stephen.     Maj.,   7th   Regiment,   U.   S.   Reserve   Engrs.,   414 

Chamber   of   Commerce   Bldg.,   Atlanta,   Ga. 
Seyfert,    Edgar    Ernest.     Dist.    Mgr.    of    Sales,    Corrugated    Bar    Co.,    51 

Transportation  Bldg.,  Philadelphia,  Pa. 
Shaw,  Frank  Harold.     Cons.  Engr.,  Box  504,  Lancaster.  Pa. 
Sheldon,   Charles   Smith.     Engr.,   Bridges   and   Structures,   P.    ]\1.    R.    R., 

231    Hamilton    Ave.,   Detroit,   Mich. 
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Sheneiion,    Francis   Clinton.     Cons.    Engr.,    G28   New   Metropolitan    Bank 

Bldg.,  Minneapolis,  Minn. 
Shepherd,   Frank   Cummings.     Prin.   Asst.    Engr..   B.   &   M.   R.   R.,   North 

Station,  Boston,  Mass. 
Sherman,  LeRoy  Kempton.     Pres.,  L.  K.  Sherman  Co.,   137  La  Salle  St., 

Room  321,  Chicago,  111. 
Sims,    Clifford    Stanley.     Vice-Pres.,    The    Delaware    &    Hudson    Co..    286 

St.   James   St.,   Montreal,   Que..   Canada. 
Smith,  Oilman  Walter.     301   North  Menard  Ave.,  Chicago,  111. 
Smith,  Layton  Fontaine.     Lieut.,  U.  S.  N.  R.  F.,  Navy  Yard,  Charleston, 

S.  C. 
Sprague,  Ernest  Marshall.     Contr.  Mgr.,  Am.  Bridge  Co.,  Guardian  Bldg., 

Cleveland,  Ohio. 
Sprague,  Norman  Salisbury.     Chf.  Engr.,  Bureau  of  Eng.,  Dept.  of  Public 

Works,  421   City-County  Bldg.,  Pittsburgh,  Pa. 
Stern,    Eugene   Washington.     Camp    at    Belvoir,    Va.,    Care,    Washington 

Barracks,  Washington,  D.  C. 
Stickle,  Horton   Whitefield.     Lt.-Col.,  U.   S.   A.    {Retired),  U.   S.   Engr. 

Office,  Pittsburgh,  Pa. 
Storer,  Stacy  Steward.     With  La  Salle  Eng.  Co.,  Chicago,  111. 
Struckmann,  Holger.     Pres.  and  Gen.  Mgr.,  Cuban  Portland  Cement  Co. ; 

Vice-Pres.  and  Gen.  Mgr.,  Knickerbocker  Portland  Cement  Co.,  30  East 

42d  St.,  New  York  City. 
Sturtevant,  Carleton  William.     Maj.,  Commanding  First  Battalion,  5th 

Regiment,   LT.    S.   Reserve   Engrs.,    Pittsburgh,   Pa. 
Sullivan,   Murray.     Senior   Engr.,   Chinese   Govt.   Rys.,   Chuchow-Chinchow 

Line,  Peking,  China. 
Swift,   William    Everett.     Engr.    and    Contr.    (J.    E.    Bunting   Co.),    New 

Canaan,  Conn. 
Thorley,   Ira   Otis.     Dept.   of   Public   Works,   Belle   Isle   Bridge   Div.,    5th 

Floor,  New  Municipal  Bldg.,  Detroit,  Mich. 
ToMLiNSON,  Alfred  Thomas.     Maj.,  Canadian  Engrs.;  Insp.  of  Small  Arms 

Ammunition,  Lindsay  Arsenal,  Lindsay,  Ont.,  Canada. 
TONNESEN,  Tobias.     Skippergaden  19,  Christiania,  Norway. 
TUTHILL,  Job.     Chf.  Engr.,  P.  M.  Ry.,  Detroit,  Mich. 
Vensano,    Harry    Chittenden.     Contr.    Engr.     (Cahill-Vensano    Co.),    110 

Sutter  St.,  San  Francisco,  Cal. 
von  Piontkowski,  Edgar  Stanislaus.     Chf.  Engr.,  Manila  R.  R.,  Manila, 

Philippine  Islands. 
von  Sciion,  Hans  August  Evald  Conrad.     Cons.  Engr.,  Montrose,  Arlington 

P.  0.,  Va. 
Ware,  John.     1st  Lieut.,  1st  Mass.  Engrs.,  I.  C.  C.  Armory,  Boston    (Res., 

East  Milton),  Mass. 
Waugh,  William  Hammond.     U.  S.  Senior  Highway  Engr.,  Office  of  Public 

Roads  and  Rural  Eng.,  Juneau,  Alaska. 
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\\  Ki.L.s,  CiiAKLES  KuwiN.  Div.  Engr.,  Board  of  Water  Supi)ly,  City  of  New 
York,  32  Prospect  St.,  White  Plains,  N.  Y. 

Wells,  George  ]\1iller.     Cons.  Engr.,  40  Wall  St.,  New  York  City. 

Whistler,  John  T.     Engr.,  U.  S.  Reclamation  Service,  Fallon,  Nev. 

WiiiT.MAX,  Ralph.  Civ.  Engr.,  U.  S.  N.,  Care,  U  S.  Military  Govt.,  Santo 
Domingo.  Dominican  Republic  (via  Postmaster,  New  York  City). 

Whitney,  Alfred  Rutgers,  Jr.  Pres.  and  Treas.,  The  Whitney  Co.,  101  Park 
Ave.   (Res.,  44  West  44th  St.),  New  York  City. 

Wild,  Herbert  Joseph.     Horseneck  Beach,  South  Westport,  Mass. 

Wilkersox.  Thomas  Jefferson.  Chf.  Engr.,  Penn  Bridge  Co.,  Beaver  Falls, 
Pa. 

Williams.  Samuel  Daugherty,  Jr.  Div.  Engr.,  M.  C.  R.  R.,  50.3  M.  C.  R.  R. 
Terminal,  Detroit,  Mich. 

Woermann,  Frederick  Christian.  Pres.,  Woermann  Constr.  Co.,  543  Cen- 
tury Bldg.   (Res.,  5893  Nina  PI.),  St.  Louis,  Mo. 

Worthington,  Chakles.  Designing  Engr.,  Bureau  of  Yards  and  Docks, 
Navy  Dept.,  Washington,  D.  C. 

Wynne- Roberts,  Robert  Owen.  (Frank  Barber  &  R.  0.  Wynne-Roberts.), 
40  Jarvis  St.,  Toronto,  Ont.,  Canada. 

Young,  Alexander  Ririe.  Engr.,  Service  Dept.,  John  Baker,  .Jr.,  3G36  Vir- 
ginia Ave.,  Kansas  City,  Mo. 

Yuille,  Nathaniel  Alston.     U.  S.  Engr.  Office,  Stockton,  Cal. 

ZiNN,  George  Arthur.  Col.,  Corps  of  Engrs.,  U.  S.  A.,  321  Custom  House, 
Portland,  Ore. 

ZooK,  Morris  Alexander.  Cons.  Engr. ;  Res.  Engr.,  Div.  of  Valuation,  Inter- 
state Commerce  Comm.,  Room  1006,  Interstate  Commerce  Comm., 
ISth  St.  and  Pennsylvania  Ave.,  Washington,  D.  C. 

associate  members 

AcKERMAN,  Alexander  Seymour.     11  Francis  St.,  Newport,  R.  I. 

Adey,  John  Seager.  Care,  Stone  &  Webster,  P.  0.  Box  297,  Youngstown, 
Ohio. 

Anderberg,  Edward.  Senior  Asst.  Engr.,  Barge  Canal  Terminal  Office,  Hall 
of  Records,  New  York  City. 

Armstrong.  Harry  Arthur.  Hydrographer,  Idaho  Irrig.  Co.,  Ltd.,  Richfield, 
Idaho. 

Armstrong,  Merwin.  Capt.,  Officers'  Reserve  Corps.  Engrs.,  Madison  Bar- 
racks Training  Camp  (Res.,  Fayetteville) ,  N.  Y. 

Arxott.  Robert  Fleming.  Cons.  Engr.,  165  Broadway,  Room  3001,  New 
York  City. 

Ashley,  Carl.     149  Manhattan  Ave.,  New  York  City. 

Ayres,  Tx)uis  Evans.  Prin.  Asst.  Engr.,  Gardner  S.  Williams,  Cornwell 
Bldg.,  Ann  Arbor,  Mich. 

Baker,  George  Livingston.     154  Bishop  St.,  Watertown,  N.  Y. 

Banks,  Charles  Wilbur.     160  Winsor  Ave.,  Watertown,  Mass. 
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Barber,  Norman  Nathaniel.     1st  Lieut.,  Co.  E,  16tli  Engrs.  (Ry.),  U.  S.  A., 

American  Expeditionary  Force  in  France,  Care,  The  Adjutant  General, 

Washington,  D.  C. 
Barkmann,  Ernst  Henry.     Engr.  and  Contr.,  P.  0.  Box  571,  Sacramento, 

Cal. 
Barlow,  John  Sadler.     Div.  Engr.,  State  of  Arizona,  Box  247,  Clifton,  Ariz. 
Barnes,  Frank  William.     10  Maiden  Lane,  Kingston,  N.  Y. 
Barney,  William  Joshua.     Pres.,  Barney-Hocke-Ahlers  Constr.  Corporation, 

110  West  40th  St.,  New  York  City. 
Barrett,  Robert  Edward.     Constr.  Engr.,  Turners  Falls  Power  &  Elec.  Co., 

3d  National  Bank  Bldg.  (Res.,  18  Kenwood  Park),  Springfield,  Mass. 
Barter,  Harold  Hendryx.     Engr.,  Universal   Film  Mfg.   Co.,   6830   Sunset 

Boulevard,  Hollywood,  Los  Angeles,  Cal. 
Bartholomew,  Bradley  White.     Co.  3,  Officers'  Training  Camp,  American 

Univ.,  Washington,  D.  C. 
Bassel,    Guy    Mannering.     Care,    Aluminum    Co.    of    America,    Maryville, 

Tenn. 
Beall,  Pendleton.     Co.  K,  7th  Regiment,  Care,  F.  M.  M.  Beall,  Brookville 

Rd.,  Chevy  Chase,  Md. 
Bean,   Ernest   Daniel.     Supt.,   Austin   Co.,    1794   North   Ave.,   Bridgeport, 

Conn. 
Becker,  William  Hatrick.     Care,  Ed.  G.  Dentzer,  P.  0.  Box  36,  Superior, 

Ariz. 
Bee,  Charles  Everett.     Office  Engr.,  S.  A.  L.  Co.,  Medicine  Hat,  Alberta, 

Canada. 
Beebe,  James  Wilbur.     Engr.,  San  Joaquin  Light  &  Power  Co.,  2051   Bel- 
mont Ave.,  Fresno,  Cal. 
Beemer,  John  Arthur.     Howe,  Idaho. 
Bellows,   Sidney   Raymond.     Asst.   Engr.,   Barge    Canals   Terminals,   Dept. 

of   State   Engr.   and   Surv.,   State  Engr.'s   Office,   Foot  of   Dupont   St., 

Brooklyn,  N.  Y. 
Benedict,  Nathan.     Civ.  Engr.  and  Contr.,  La  Vega,  Dominican  Republic. 
Bennett,  Harry.     2  Bemis  PL,  Glens  Falls,  N.  Y. 
Bennett,    Manche    Owen.     Asst.    Engr.,    Oregon    State    Highway    Comm., 

Pendleton,  Ore. 
Bond,  Judson  Baker.     Care,  U.  S.  Reclamation  Service,  Klamath  Falls,  Ore. 
BoRTiN,  Harry.     Cons.  Valuation  Engr.,  408  Olive  St.,  St.  Louis,  Mo. 
Bowlus,  Fred  Drexel.     Requa,  Cal. 
Bowman,  Ralph  McLane.     Highway  Bridge  Engr.,  Office  of  Public  Roads, 

Dept.  of  Agriculture,  Washington,  D.  C. 
Boya,john,  Haig  Milton.     Gen.  Contr.,  1723  Ford  Bldg.,  Detroit,  Mich. 
Boyd,  Butler  Bennett.     2310  F  St.,  San  Diego,  Cal. 
Bradshaw,  Charles.     228  Poppy  St.,  Monrovia,  Cal. 
Bright,   Charles   Edwin.     Field  Engr.,   Interstate   Commerce   Comm.,   Div. 

of  Valuation,   1817   Beech  Ave.,  Nashville,   Tenn. 
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Bright,  Graham  Bkrxard.     613  Campbell  Ave.,  West.  Roanoke.  Va. 

Bronson,  Howard  Franklin.  Asst.  Engr.,  Pennsylvania  State  Dept.  of 
Health,  726  South  28th  St..  Harrisburg,  Pa. 

Brown.  Claide  Osgood.  Asst.  Engr.,  U.  S.  Geological  Survey,  1010  Schwind 
Bldg.,  Dayton,  Ohio. 

Brown,  Harry  ^^■^.MA^I.  Asst.  Div.  Engr.,  C.  &  T.  Div.,  Penn.  Lines,  Room 
13,  Union  Station,  Chicago,  111. 

Brown,  Skymoik  Dewey.  Am.  International  Corporation,  2  rue  des 
Italiens,  Paris   (9^),  France. 

Bbua,  Elmer  George.     Drawer  F,  Bartlesville,  Okla. 

Buck,  Walter  Van.     14th  Provisional  Engrs.,  Fort  Leavenworth,  Kans. 

BuDD,  Percy  Hiram.  Asst.  Engr.,  New  York  State  Barge  Canal  Terminals, 
Hall  of  Records,  New  York  City. 

Burgoyne,  John  Henry.     Club  de  la  Union,  Lima,  Peru. 

BuRKHOLDER,  JOSEPH  L.  Asst.  Engr.,  U.  S.  Reclamation  Service,  El  Paso, 
Tex.  . 

Burns,  Howard  Edward.  Southern  Mgr.,  C.  F.  Massey  Co.,  Sumpter  Bldg., 
Dallas,  Tex, 

BuRROWES,  Paul  de  Nyse.  Care,  The  Foundation  Co.,  Wheeling  Corrugat- 
ing Job,  Wheeling,  W.  Va. 

Burton,  William.  1st  Lieut.,  Engr.  Officers'  Reserve  Corps.  Washington 
Barracks,  Belvoir  Camp,  Washington,  D.  C. 

BussE,  Franz  August.  Bridge  Engr.,  L.  &  N.  R.  R.,  935  South  4th  St., 
Louisville,  Ky. 

Buxton,  Edwin  Walker.     563  East  Park  St.,  Olathe,  Kans. 

Byrd.  John  Henry.  Secy,  and  Treas.,  Collapsible  Joist  Form  Co.,  503 
Finance  Bldg.,  Kansas  City,  Mo. 

Cantwell,  Herbert  Herluin.     Cornell,  Wis. 

Carpenter,  J.  C.  Drainage  Engr.,  Office  of  Public  Roads  and  Rural  Eng., 
Washington,  D.  C. 

Cate,  Daniel  Rogers.     2202  Portola  Way,  Sacramento,  Cal. 

Chamblin,  Elga  Ross.  Archt.  and  Cons.  Structural  Engr.,  909  South- 
western Life  Bldg.,  Dallas,  Tex. 

Chesley,  Frank  Ephraim.  Care,  Bldg.  and  [Maintenance  Dept.,  Gen.  Elec. 
Co.,  Erie,  Pa. 

Christensen,  George  Andrew.  Capt.,  Q.  M.  U.  S.  R.,  Camp  Kearny,  San 
Diego,  Cal. 

Collins,  Richard  Vincent.  Care,  State  Highway  Office,  1  Daniel  St., 
Albany,  N.  Y. 

Coltman,  Rohkrt,  Jr.  Constr.  Supt.,  Lewis  A.  Riley,  2d,  Short  St.,  Irwin, 
Pa. 

Cornell,  Charles  Brown.     4106  Perkins  Ave.,  Suite  11,  Cleveland,  Ohio. 

Corp,  Henry  William.  Prin.  Asst.  Engr.,  Manila  R.  R.,  Manila,  Philip- 
pine Islands. 
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CoRTEi,YOU,  Frank  Morgan.     Designing  Dept.,  Harrington,  Howard  &  Ash, 

1012  Baltimore  Ave.,  Kansas  City,  Mo. 
Crane,  Albert  Em.     Supt.  of  Constr.,  The  Whitney  Co.,  31  Rockview  Ave., 

Plainfield,  X.  J. 
Crites,  George  Solomon.     Asst.  Engr.,  B.  &  0.  R.  R.,  1205  B.  &  O.  Bldg., 

Baltimore,  Md. 
Cummin,  Gaylord  Church.     City  Mgr.,  City  Hall,  Grand  Rapids,  Mich. 
Cutting,    George   Warken,   Jr.     Cons.   Engr.,   50   Newton   St.,   Aiiburndale 

(Res.,  Weston),  Mass. 
Davison,  Allen   Stbtwart.     Engr.,   Allen   S.   Davison   Co.,   Inc.,   The  Basic 

Products  Co.,  The  Sharpsville  Furnace  Co.,  and  The  Bessie  Furnace 

Co.,  2119  Oliver  Bldg.,  Pittsburgh,  Pa. 
Dawson,  William  Edward.     450  Sixty-first  St.,  Brooklyn,  N.  Y. 
Devlin,    Henry    Stratford.     Care,    Central    Constr.    Corporation,    Common- 
wealth  Trust  Bldg.,  Harrisburg,   Pa. 
Dixon,   De   Forest   Halsted.     Second   Vice-Pres.,   Turner   Constr,    Co.,   244 

Madison  Ave.,  New  York  City    (Res.,  Plandome,  N.  Y.). 
DoBSON,  Gilbert  Colfax.     Capt.,  C.  E.  U.  S.  R.,   14th  Provisional  Engrs., 

Fort  Leavenworth,  Kans. 
Driscoll,  William.     224  East  34th  St.,   Savannah,  Ga. 
Eabl,  Austin  Willmott.     724  Santa  Clara  St.,  Vallejo,  Cal. 
Eberly,  Clarence  Frederick.     Perrysburg,  Ohio. 
Edgerton,  Glen  Edgar.     Maj.,  5th  Engrs.,  Brownsville,  Tex. 
Ekman,  Claes  Theodore.     Care,  Union  Carbide  Co.,  Niagara  Falls,  N.  Y. 
Ellstrom,   Victor   Edwin.     Vice-Pres.,   Am.    Steel   Window    Co.,    10th    and 

McKinley  Sts.,  Chicago  Heights,  111. 
Eltinge,   Orville   Lamont.     Care,   The   San.   Dist.   of   Chicago,   700   Karpen 

Bldg.,   Chicago,  111. 
Entenmann,  Paul  Max.     Blythe,  Cal. 
Evans,   Peter  Platter.     Secy.,  The   Osborn   Eng.   Co.,   2848   Prospect  Ave., 

S.  E.,  Cleveland,  Ohio. 
Ewald,   Robert  Franklin.     Hydr.   Engr.,  The   Aluminum   Co.   of   America, 

199  Meade  St.,  Wilkinsburg,  Pa. 
Fabnsworth,  Howard  Richards.     U.   S.   Surv.,  Div.   E,   Gen.  Land   Office, 

Washington,  D.  C. 
Felgenhauer,  Frank  John.     Pres.  and  Treas.,   Frank  J.   Felgenhauer  Co., 

Inc.,  101  Park  Ave.,  New  York  City. 
Fineren,  William  Warrick.     U.  S.  Junior  Engr.,  U.  S.  Engr.  Office,  Fort 

Hancock,  N.  J. 
Fogg,  Percivax  Morris.     Apartment  M,  1469  Williams  St.,  Denver,  Colo. 
Foss,  James  Calvin,  Jr.     Civ.  and  Hydr.  Engr.,  Room  5,  Bank  Bldg.,  Hilo, 

Hawaii. 
Frank,  George  Stedmax.     Warsaw,  N.  Y. 
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Fhk.ncii.    Rogkr    Deland.     Lecturer,    Municipal    Eng.,    McGill    L'niv.;    Prin- 

Asst.  Engr.,  R.  S.  &  W.  S.  Lea,  809  New  Birks  Bldg.,  MontreaL  Que., 

Canada. 
Frickstad,  Walter  Nettletox.     5548  Carlton  St..  Oakland,  Cal. 
Friend,  Fred  Foraker.     With  E.  W.  Clark  &  Co.  Management  Corporation 

(Res.,  1236  East  IVLiin  St.),  Columbus.  Ohio. 
Fysiie,  Thomas  Maxwell.     Royal  .Trust  Bldg.,  Montreal,  Que.,  Canada. 
Gaxdolfo,    Joseph    Harrixgton.     Civ.    Engr.,    Moody    Eng.    Co.,    Inc.,    115 

Broadway,  New  York  City. 
Gardner,  Warren.     256  West  57th  St.,  New  York  City. 
Gellatly,  Johx  Thompson  Bisset.     Cons.  Engr.,  P.  0.  Box  1,  Queenstown, 

South  Africa. 
George.  Sidney  Howard.     Asst.  Engr.,  C,  M.  &  St.  P.  Ry.,  22  Milwaukee 

Station,  Minneapolis,  Alinn. 
Goodman,  Harry  Minott.     Care,  Honolulu  Iron  Works,  Honolulu,  Hawaii. 
Graham,  Guy  Alexander.     434  Allen  St.,  Hudson,  N.  Y. 
Green,  Arthur  Brooks.     Industrial  Engr.,  264  Centre  St.,  Newton,  Mass. 
Griffin,  James  Birney.     1244  West  54th  St.,  Los  Angeles,  Cal. 
GuERDRUM,    George   Hagbart.     Capt.,   Engrs.   U.    S.   R.,   Geological    Survey, 

Washington,  D.  C. 
Haggard,  Homer  Hcstox.     Care,  Cuban  Eng.  &  Contr.  Co.,  17  West  42d  St., 

New  York  City. 
Halcombe.  Norman  Marshall.     Civ.  and  Min.  Engr.  (Halcombe,  Flanders  & 

Read),  2490  Filbert  St.,  San  Francisco,  Cal. 
Haldeman,  Walter  Stanley.     Sales  Engr.,  8  South  Dearborn  St..  Chicago, 

111. 
Hale,  Philip  Jewett.     7316  Coles  Ave.,  Chicago,  111. 
Hall,  Charles  Lacey.     Maj.,  Corps  of  Engrs..  12th  Engrs.   (Ry. ),  American 

Expeditionary  Force  in  France. 
Halsema,  EusEHirs  Julius.     Constr.  Engr.,  Bureau  of  Public  Works,  Manila, 

Philippine  Islands. 
Hamilton,  William  Edward.     Fairmont  Trust  Co.  Bldg.,  Fairmont.  W.  Va. 
Hanique,  Jules  Edmond.     1822  Francisco  St.,  Berkeley,  Cal. 
Harding.  Ralph  Lyman.     1207  Mulberry  Ave.,  Muscatine,  Iowa. 
Hakley,  George  Foster.     Siipt.  of  Constr.,  Stone  &  Webster  Eng.  Corporation, 

P.  0.  Box  968,  Columbus,  Ga. 
Harrington,  Harry  Garfield.     271  Meeker  Ave.,  Newark.  N.  J. 
Harris,  Archie  Lee.     Cons.  Engr..  Manhattan,  Cal. 
Harris,  Arthur  Lines.     La  Vega,  Dominican  Republic. 
Hatch,  Everett  Hamilton.     2124  J  St.,  Sacramento.  Cal. 
Hauser,  Kenneth  Douglass.     Capt.,  Co.  F,  8th  Reserve  Engrs.,  860  ^far- 
shall  St.,  Portland,  Ore. 
Hawes,  George  Raymond.     Civ.  and   Structural   Engr.,  609  Savage  Scofield 

Bldg.,  Tacoma,  Wash. 
Heilbronner,  Leon  Cohen.     238  Union  St.,  Schenectady,  N.  Y. 
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HiCKOK,  Clifton  Ewing.     City  Engr.,  Alameda,  Cal. 
HiESiGER,  Charles  Miltox.     Examining  Insp.  in  Office,  Commr.  of  Accounts; 

Consultant  with  Phoenix  Eng.  Co.,  299  Broadway,  New  York  City. 
Hirai,  Kikumatsu.     Care,  Yamanaka  &  Co.,  254  Fifth  Ave.,  New  York  City. 
HiTT,  Henry  Collins.     Care,  Electrification  Dept.,  C,  M.  &  St.  P.  Ry.,  Room 

306,  0.  W.  Station,  Seattle,  Wash. 
HoGAN,  Joseph  Vincent.     Engr.,  Lathrop,  Shea  &  Henwood,  29   Catherine 

St.,  Lyons,  N.  Y. 
HoGE,  Edward  Augustus  Clyde.     141  Broadway,  Room  716,  New  York  City. 
Hood,  Joseph  Nelson.     Care,  The  Foundation   Co.,   1201   Third   St.,   S.   E., 

Washington,  D.  C. 
Hopper,  Jean  Georges  Lefebvre.     42  Avenue  de  I'Opera,  Paris,  France. 
Howard,  Lewis  Thomas.     Asst.  Engr.,  Dept.  of  State  Engr.  and  Surv.,  Hall 

of  Records,  New  York  City. 
Howell,  Cleves  Harrison.     Asst.  Engr.,  U.  S.  Reclamation  Service,  King 

Hill,  Idaho. 
Howes,  Cyrus  Pierce.     Senior  Structural  Engr.,   Div.  of  Valuation,   Inter- 
state Commerce  Comm.,  Chattanooga,  Tenn. 
HoYNCK,  Leo  Adolph.     Room  301,  City  Hall,  St.  Louis,  Mo. 
Hunt,  Horace  Sinclair.     Civ.  and  Hydr.  Engr.,  201  McBride  St.,  Jackson, 

Mich. 
Hurley,  John  Patrick.     69th  Regiment  Armory,  New  York  City. 
Immich,  Hollis  Douglass.     Purchasing  Engr.,  Sperry  Eng.  Co.,  87   West 

Elm  St.,  New  Haven,  Conn. 
Jackson,  John  Franklin.     Vice-Pres.,  Wisconsin  Bridge  &  Iron  Co.,  1536 

Humboldt  Ave.,  Milwaukee,  Wis. 
Jamison,  Richard  Harvey.     309  Grant  Bldg.,  San  Francisco,  Cal. 
Jewett,  Thomas   Edward.     Care,   Frank  Hill   Smith,   Inc.,   120   Broadway, 

New  York  City. 
Johnson,  Edwin  Samuel.     With  Robert  W.  Hunt  &  Co.,  R.  F.  D.  No.  1, 

Rogers,  Ark. 
Jouine,  Georges  Pierre  Ferdinand.     Sous  Lieut,  au  81<^m«  d'Artillerie,  16 

rue  Pistouley,  Libourne,  Gironde,  France. 
Kallasch,   Winfred  Miller.     Care,   Leonard   Constr.   Co.,   860   McCormick 

Bldg.,  Chicago,  111. 
Kanary,  Mark  Henry.     Gen.  Mgr.,  Samson  Trailer  Corporation,  501   Cres- 
cent St.,  Grand  Rapids,  Mich. 
Kassebaum,  Frederick  William,  Jr.     Care,  Baltimore  Dry  Dock  &   Ship 

Building  Co.,  East  Fort  Ave.,  Baltimore,  Md. 
Kelley,  George  Norbert.     Asst.  Engr.,  St.  L.  &  S.  F.  Ry.,  542  Frisco  Bldg., 

St.  Louis,  Mo. 
Kelly,  Warren  Winfield.     Div.  Engr.,  A.,  T.  &  S.  F.  Ry.,  Winslow,  Ariz. 
Kempkey,  Augustus.     Cons.  Engr.,  1609  Hobart  Bldg.,  San  Francisco,  Cal. 
Kercher,  Henry.     Chf.  Draftsman,   King  Bridge  Co.    (Res.,   10319   Empire 

Ave.),  Cleveland,  Ohio. 
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Kerr,    Stanley  Albert.     Asst.   Engr.,   U.   S.   Reclamation   Service,   Poplar, 

Mont. 
Keys,  Edward  Allen.     Vice-Pres.,  Hutchison  Vapor  Heating  Corporation, 

15  East  Fayette  St.,  Baltimore,  'Md. 
KiLBV,  Charles  Christopher.     148  Madison  St.,  Hartford,  Conn. 
Kimmel,  Edgar  Augusti's.     Chcfe  do  Trafego,  Companhia  Armour  do  Brazil, 

S.  A.,  Sant'  Anna  do  Livramento,  Rio  Grande  do  Sul,  Brazil. 
Kixne,  Charles  Comeort.     Care,  G.  W.  Feaga  Co.,  Mezzanine  Floor,  Citi- 
zens Bldg.,  Cleveland,  Ohio. 
Kitchex,  Ernest.     Box  193,  Anderson,  S.  C. 
KiTTS,  Joseph  Arthur.     Supt.  of  Constr.,  Great  Western  Power  Co.,   1250 

Euclid  Ave.,  Berkeley,  Cal. 
Knoettge,  Carl  Harman.     7600  Stewart  Ave.,  Chicago,  111. 
Knowles,  Charles  H.     Junior  Engr.,  U.  S.  Engr.  Dept.,  U.  S.  Engr.  Office, 

Rockaway  Point,  N.  Y. 
Kbause,  Louis  Gustav.     Asst.  Engr.,  Bureau  of  Eng.,  Public  Service  Comm. 

of  Pennsylvania,  Franklin  Bldg.,  Harrisburg,  Pa. 
Kuelling,    Herbert   John.     Care,    State    Highway    Comm.,    State    Capitol, 

Madison,  Wis. 
Lambe,  Claude  Milton.     Civ.  Engr.,  Carolina  Power  &  Liglit  Co.,  511  First 

National  Bank  Bldg.,  Durham,  N.  C. 
Lamson,  William  Mather.     Capt.,  Engr.  U.  S.  R.,  Reserve  Officers'  Training 

Camp,  Fort  Oglethorpe,  Ga. 
Lauer,  ]Martin  Philippe.     Archt.  and  Engr.   (Lauer  &  Young),  707  Peoples 

Savings  &  Trust  Bldg.,  Akron,  Ohio. 
LeBaron,    Rudolph    Wendell    Phillips.     2d    Lieut.,    3d    Reserve    Engrs., 

U.  S.  A.,  Chicago,  111. 
Lee,  Arthur  Carl.     R.  F.  D.  No.  1,  Longtown,  S.  C. 

Lee,  John  Louis.     Supcrv.  Engr.,  Q.  M.  C,  U.  S.  A.,  Battle  Creek,  Mich. 
Lehfelt,  Walt   Ferd.     Interstate   Commerce   Comm.,   Party  No.   6,   Pier   1, 

Room  2,  Seattle,  Wash. 
Letton,  Harry  Pike.     Care,  State  Board  of  Health,  Lincoln,  Nebr. 
Lieb,  Victor.     Care,  U.  S.  Geological  Survey,  P.  O.  Box  1097,  Austin,  Tex. 
Lightner,  George  W.  Cass.     Hotel  Marlton,  3  West  8th  St.,  New  York  City. 
LiNEBERGER,     WALTER     Franklin.     Capt.,     Engr.     Officers'     Reserve     Corps, 

U.  S.  A.,  Room  20,  Lineberger  Bldg.,  Long  Beach,  Cal. 
Little,   Walter  Colton,  Jr.     Civ.   Engr.,   Roxana    Petroleum   Corporation, 

Wood  River.   111. 
Lyo.nk.  Harold  Ciiandos.     Co.  15.  N.  Y.,  Belvoir  Camp,  Accotink.  Va. 
Macy.  Elbert  Clyde.     Supt.  of  Constr.,  Stone  &  Webster  Eng.  Corporation, 

G05  Elec.  Bldg.,  Seattle,  Wash. 
McCann,   \\illiam  Ray.     Care,  Emergency   Fleet  Corporation,   U.   S.   Ship- 
ping Board,  Washington.  D.  C. 
McCi.AiN.   Carl  Arthur.     1209G  Cliesterfield  Ave..   Cleveland,   Ohio. 
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McClain,  James  Brownson.  Asst.  Bridge  Engr.,  Seaboard  A.  L.  Ry.,  1607 
Pickens  St.,  Columbia,  S.  C. 

McCoMB,  Dana  Quick.  Acacia  Fraternity,  357  West  119th  St.,  New  York 
City. 

McCuRDY,  George  Earle.  (Stewart  &  McCurdy),  508  Peoples  Savings  & 
Trust  Co.  Bldg.,  Akron,  Ohio. 

McFarland,  Harry  Fontaine,  Jr.  1st  Lieut.,  2d  Engrs.,  N.  A.,  4918  Forest 
Park  Boulevard,  St.  Louis,  Mo. 

McGbath,  John  Kilby.     Road  Engr.,  Fayetteville  Dist.,'  Fayetteville,  W.  Va. 

McNary,  JosEn'H  Vance.  Care,  Office  of  Public  Roads  and  Rural  Eng., 
Washington,  D.  C. 

Maddox,  Luther  Robinson.  Capt.,  Engr.  Officers'  Reserve  Corps,  414 
Chamber  of  Commerce  Bldg.,  Atlanta,  Ga. 

Martin,  Bertrand  Clifford.  Dist.  Engr.,  N.  Y.  C.  R.  R.;  Res.,  1  Rossman 
Ave.,  Hudson,  N.  Y. 

Matson,  Thomas  Hatcher.     321  San  Antonio  St.,  El  Paso,  Tex. 

Maul,  Theodore  Russell.  Capt.  and  Quartermaster,  Reserve  Corps,  U.  S. 
A.,  Schuylkill  Arsenal,  Philadelphia,  Pa. 

Merriman,  Fred  Knights.  Room  1306,  Mahoning  Bank  Bldg.,  Youngs- 
town,  Ohio. 

Metcalf,  Bradley  Revere.  With  Los  Angeles  County  Board  of  Flood  Con- 
trol, Sherman,  Cal. 

Metcalfe,  Alfred  Harold.  Chf.  Engr.,  A.  Friederich  &  Sons  Co.,  710  Lake 
Ave.,  Rochester,  N.  Y. 

Metcalfe,  Joseph  Davis.     Highway  Engr.,  Navarro  County,  Kerens,  Tex. 

Miner,  James  Henry.  Project  Mgr.,  U.  S.  Reclamation  Service,  King 
Hill,  Idaho. 

MiRiCK,  Alfred  Stowe.     420  Bee  Bldg.,  Omaha,  Nebr. 

Mitchell,  Arthur  Knox.  Cons.  Engr.,  1078  Worthington  St.,  Spring- 
field, Mass. 

Moody,  Joseph  Elbert.  Chf.  Engr.,  C.  F.  Massey  Co.,  521  Peoples  Gas 
Bldg.,  Chicago,  111. 

MuBPHY,  Fred  Ei.mer.     46  Egbert  Ave.,  West  New  Brighton,  N.  Y. 

Nelson,  Jabez  Curry.     Gen.  Mgr.,  Empire  United  Rys.,  Inc.,  Syracuse,  N.  Y. 

Nelson,  William.     4  Dwight  Apartments,  Binghamton,  N.  Y. 

NoLAND,  Clarence.  J.  Asst.  Engr.,  Chicago  Union  Station  Co.,  600  West 
Jackson  Boulevard,  Chicago,  111. 

NoRSwouTHY,  Leonard  Drake.  3213  Nineteentli  St.,  N.  W.,  Washington, 
D.  C. 

NOYES,  Stephen  Henley.  1st  Lieut.,  Aviation  Section,  Signal  Corps,  Care 
Mrs.  B.  Nojes,  15  Francis  St.,  Newport,  R.  I. 

Ogden,  Harold  Coe.     Pres.  and  Mgr.,  Seattle  Baking  Co.,  Seattle,  Wash. 

Obrell,  James  Athersmith.     42  Spring  Gardens,  Manchester,  England. 

Ortiz,  Eduakdo.  P.  0.  Box  861  (Res.,  2a  Panuca,  41),  City  of  Mexico, 
Mexico. 
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Palen,  Archibald  E.  nighway  Engr.,  U.  S.  Office  of  Public  Roads,  301 
Tramway  Bklg.,  Denver,  Colo. 

Palmer,  George  Bruce.  Real  Estate  Agt.,  Chicago  Union  Station  Co.,  600 
West  Jackson  Boulevard,  Chicago,  111. 

Pai.mkr,  Wallace  Cromwell  Allen.  Superv.  Engr.,  Western  Visayas, 
Iloilo,  Phili])pine  Islands. 

Parker,  James  Lafayette.     38  West  75th  St.,  New  York  City. 

Parsons,  Harold  Frank.     1321  Tatnall  St..  Wilmington,  Del. 

Parsons,  Wallace  Emery.  Treas.,  Moulton  Eng.  Corporation,  534  Con- 
gress St.,  Portland.  Me. 

Perry,  Lyxn   Elwood.     Salisbury,  Md. 

PiiiLBRiCK,  Benjamin  Simpson.  Res.  Engr.,  Tallassee  Power  Co.,  Cheoah 
Camp,  Alcoa,  Tenn. 

Pierce,  Paul  Leon.  Maj.,  Ordnance  Dept.,  U.  S.  R.,  Portland  Apartments, 
14th  and  Thomas  Circle,  N.  W.,  Washington,  D.  C. 

Plump,  Erich  Moore.     414  East  Water  St.,  Jefferson  City,  Mo. 

Poole,  Charles  Arthur.  Deputy  Acting  City  Engr.,  52  City  Hall,  Roch- 
ester, N.  Y. 

Po.SKE,  IUrry  Christian.  Structural  Engr.,  Am.  Smelting  &  Refining  Co., 
Mex.  Dept.,  1108  Mills  Bldg.,  El  Paso,  Tex. 

Post,  Royal  Elmer.  Supt.  of  Constr.,  U.  S.  Reclamation  Service,  Rim- 
rock,  Wash. 

Powell,  Thomas  Jett.  6th  Co.,  American  Univ.  (Res.,  212  Thirteenth 
St.,  N.  E.),  Washington,  D.  C. 

PR.A.TT,  Carey  Simon.     251  Cuyler  Ave.,  Trenton,  N.  J. 

Purcell,  Charles  Henry.     Bridge  Engr.,  State  Highway  Dept.,  Salem,  Ore. 

QuiNN,  John  Ignatius.     1921  South  5th  St.,  Minneapolis,  Minn. 

Quinn,  Matthew  Francis.  Asst.  Engr.,  Dept.  of  Water  Supply,  Gas  and 
Electricity,  Municipal  Bldg.  (Res.,  271  Fort  Washington  Ave.),  New 
York  City. 

Randolph,  John   Hampden,  Jr.     583   Peachtree  St.,  Atlanta,   Ga. 

Rapalje,  deWitt.     12  Whittlesey  Ave.,  East  Orange,  N.  J. 

Rathjens.  George  William.  Capt.,  Engr.  Officers'  Reserve  Corps,  Fort 
Snelling,  Minn. 

Reeve,  Leroy  Norman.  Office  Engr.,  Chile  Exploration  Co.,  120  Broadway, 
Room  3623,  New  York  City. 

Reid,  Cecil  Latta.     Box  117,  Rock  Hill,  S.  C. 

Rich,  Melvin  S.  Structural  Engr.,  1448  Harvard  St..  N.  W.,  Washington, 
D.  C. 

Rohn,  Ralph  Earle.  With  Canton  Bridge  Co.,  1117  Seventeenth  St.,  N.  W., 
Canton,  Ohio. 

Rollins,  Andrew  Peach.     Asst.  Engr.,  Cimairon  Val.  Land  Co.,  China.  Tex. 

Rose,  William  Henry.  Maj.,  Corps  of  Engrs.,  U.  S.  A.,  Care.  Clif.  of 
Engrs.,  U.  S.  A.,  Washington.  D.  C. 
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RowE,  Wii^FRED  Lincoln.  Asst.  Engr.,  U.  S.  Reclamation  Service,  Rim- 
rock,  Wash. 

RuGGLES,  AuTHUR  VALENTINE.  Asst.  Engr.,  Div.  of  Water,  City  Hall,  Cleve- 
land, Ohio. 

Sargent,  Joseph  Andrews.  Aux  soins  dvi  Credit  Lyonnais,  Boulevard  des 
Italiens,  Paris,  France. 

Sawyer,  Ernest  Walker.  Constr.  Engr.,  3  Gerard  Rd.,  Harrow,  London, 
England. 

ScHOCK,  Daniel  Rolland.     Care,  National  Carbon  Co.,  Cleveland,  Ohio. 

Searle,  Lewen  Firth.  Asst.  Engr.,  Board  of  Water  Supply,  City  of  New 
York,  Grand  Gorge,  N.  Y. 

Sexton,  John  Roderick.     Div.  Engr.,  Erie  R.  R.,  Huntington,  Ind. 

Sexton,  Ralph  Ernest.  Engr.  and  Contr.  (Pearce  &  Sexton),  Box  283, 
Ancon,  Canal  Zone,  Panama. 

Shannon,  William  Day.  Supt.  of  Constr.,  Stone  &  Webster,  P.  0.  Box  297, 
Youngstown,  Ohio. 

Shapleigh,  Charles  Henry.     Charlottesville,  Va. 

Shaw,  Arthur  Lassell.     Engr.  Training  Co.,  Plattsburg  Barracks,  N.  Y. 

Sheibley,  Edward  Gwyn.     444  West  10th  St.,  Riverside,  Cal. 

Shertzer,  Tyrrell  Bradbury.     500  West  143d  St.,  New  York  City. 

Skinner,  Frederick  Gardiner.     Myton,  Utah. 

Sloane,  Fred  Mathews.     Room  22,  C,  M.  &  St.  P.  Depot,  Minneapolis,  Minn. 

Smith,  Chester  Kitch.  Lieut.,  8th  Regiment  Reserve  Engrs.,  American 
Falls,  Wash. 

Smith,  Edgar  Maverick.  Asst.  to  Pies.,  The  Q.  &  C.  Co.,  90  West  St.,  New 
York  City. 

Smith,  Plumer  Henry.     Care,  Am.  Constr.  Co.,  Houston,  Tex. 

Snell,  Edward  Beniah.  Asst.  Engr.,  Corps  of  Engrs.,  U.  S.  A.,  Third  New 
York  Dist.,  24  High  St.,  New  Haven,  Conn. 

Soest,  Hugo  Conrad.  1st  Lieut.,  Engr.  O.  R.  C,  Co.  1,  Military  Branch, 
Chattanooga,  Tenn. 

Sola,  Francisco  Jose  de.     Upland  Terrace,  Bethlehem,  N.  H. 

SoRENSON,  Julius  Jennis.  Res.  Engr.,  Cuyamel  Fruit  Co.,  1410  Whitney 
Bank  Bldg.,  New  Orleans,  La. 

Spengler,  John  Henry.     322  West  Cortland  St.,  Jackson,  Mich. 

Stafford,  Frederick  Dial.  Care,  Reserve  Officers'  Training  Camp,  Chat- 
tanooga, Tenn. 

Stanley,  Harvey.     Box  36,  Sparrows  Point,  Md. 

Stabk,  Charles  Wolcott.  Associate  Editor,  Engineering  News-Record,  10th 
Ave.  at  36th  St.,  New  York  City. 

Stearns,  John.     Care,  Arizona  Bingham  Copper  Co.,  Stoddard,  Ariz. 

Stevens,  Roe  Loomis,  OlTice  Engr.,  C,  M.  &  St.  P.  Ry.,  Ry.  Exchange  (Res., 
444  East  42d  PL),  Chicago,  111. 

Stewart,  Spencer  James.     Silver  Creek,  N.  Y. 

Stiles,  Albert  Irvine.  Care.  Lindeteves-Stokvis,  11  Broadway,  New  York 
Citv. 
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Stiles,  Otho  William.     Cons.  Engr.   (Stevens  &  Stiles),  708  Ridge  Arcade, 

Kansas  City,  Mo. 
Stimson,  BiRT.     P.  0.  Box  175,  Missoula,  Mont. 
Sti-XE,  Walti;k  I'earce.     Care,  Mexican  Gulf  Oil  Co.,  Apartado  106,  Tampico, 

Mexico. 
Stobo,  Joh\  Bruce.     507  West  18th  St.,  Wilminffton.  Del. 
Stocker,  Leslie  Wrightson.     Asst.  City  Engr.,  3450  deary  St.,  San  Fran- 
cisco, Cal. 
Sto.ne,  George  Burrii.l.     Supt.  of  Constr.,  Cannon-Swanson  Co.,  Hamilton, 

Mont. 
Sux,  Taoyuh  Clakance.     ^Managing  Director,  Cluicliow-Cliinchow  Ry.,  Tur- 

farr  Hutung,  Peking,  China. 
SwENSSOiV,   Otto   Jordan.     With   Aluminum    Co.   of   America,   Oliver   Bldg. 

(Res.,  5511  Hays  St.),  Pittsburgh,  Pa. 
Takahashi,  Seisuke.     Care,  American  Trading  Co.,  Tokyo,  Japan. 
Tate,  Robert  L'Hommedieu.     134  Herkimer  St..  Buffalo,  N.  Y. 
Tatum,  Robert  Lee.     1033  Ry.  Exchange,  Chicago,  111. 
Taylor,  Alexander  Jenifer.     Civ.  Engr.,  E.  1.  du  Pont  de  Nemours  &  Co., 

60  Aberdeen  PI.,  Woodbury,  N.  J. 
Taylor,  Henry.     1st  Lieut.,  Officers'  Reserve  Corps,  Officers'  Training  Camp, 

Fort  Niagara,  Youngstown,  N.  Y. 
Taylor,  Nelson.     Care,  Postmaster,  L^.  S.  S.  St.  Louis,  New  York  City. 
Tenney,  William   Field.     With   Stone  &   Webster,   147   Milk   St.,   Boston, 

Mass. 
Thackwell,  Henry  Lawrence.      1345  Franklin  St.,  Denver,  Colo. 
Thomas,  Charles  Dura.     Capt.,  Engr.  Officers'  Reserve  Corps,  U.  S.  A.,  220 

Lincoln  St.,  Marlborough,  Mass. 
Thompson,  Laurence  Kimbai^l.     Gen.  Contr.,  Box  182,  Owensmouth,  Cal. 
Thomson,  Fred  :Morton.     Div.  Engr.,  M.,  K.  &  T.  Ry.,  Sedalia,  Mo. 
TiNSLEY,  Robert  Bruce.     Big  Stone  Gap,  Va. 

Tippet,  Henry  Jackson.     Eng.  Dept.,  The  Connecticut  Co.,  New  Haven,  Conn. 
Travers-Ewell,  Andrew.     Care,  American  Consul,  Para,  Brazil. 
True,  Aibert  Otis.     Care,  Henry  W.  Taylor,  100  State  St.,  Albany,  N.  Y. 
Trueblood,  Paul  McGeorge.     Hydrographic  and  Geodetic  Engr.,  U.  S.  Coast 

and  Geodetic  Survey,  Washington,  D.  C. 
Truell,  Karl  Otto.     La  Salle,  N.  Y. 
Tucker,  Herman  Franklin.     Ensign,  U.  S.  N.  R.  F..  Seattle  Constr.  &  Dry 

Dock  Co.,  Seattle,  Wash. 
Turner,  Nathaniel  Parker.     103  East  Border  St..  Marshall,  Tex. 
Vail.  John  Jervis.     Constr.  Dept.,  P.  R.  R.  (Res..  156  Bryant  St.).  Rahway. 

N.  J. 
Valle  Zeno,  Carlos  del.     Cons,  and  Contr.  Engr.,  San  Juan,  Porto  Rico. 
Vance,  Alexander  Milton.     4616  Columbia  Ave.,  Dallas,  Tex. 
Vandemoer,  John  Jay.     With  U.  S.  Reclamation  Service,  Loma,  Colo. 
Van  Ness,  Howard  Edward.     1110  South  Ave.,  Plainfield,  N.  J. 
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VOGEL,  Andrew.     Engr.,  Dept.  of  Grounds  and  Bldgs.,  Gen.  Elec.  Co.,  1022 

Witherspoon  Bldg.,  Philadelphia,  Pa. 
Walker,  Edward  George.     Lieut.,  R.  N.  V.  R.,  78  Cheyne  Court,  Chelsea, 

London,  S.  W.,  3,  England. 
Walker,  Lee  Hamill.     Sub-Director,  Dept.  of  Public  Works,  Santo  Domingo, 

Dominican  Republic. 
Wallace,  David  Alexander.     Mitchell,  S.  Dak. 
Waller,    John    Malcom.     Junior    Structural    Engr.,    Interstate    Commerce 

Comm.,   Western   Dist.,   Div.   of   Valuation,   Interstate   Bldg.,   Kansas 

City,  Mo. 
Wardwell,  Ralph  Watts.     Care,  Western  Water  Co.,  Taft,  Cal. 
Waring,  Charles  Thomas.     Capt.,  Aviation  Section,  Signal  Officers'  Reserve 

Corps,  1015  North  Main  St.,  Dayton,  Ohio. 
Washburn,  Charles  Emmett.     738  Wilson  Bldg.,  Dallas,  Tex. 
Watson,  George  Linton.     53  Walnut  St.,  Rutherford,  N.  J. 
Weaver,  Earll  Chase.     Asst.  Civ.  Engr.,  U.  S.  N.  R.  F.,  Navy  Yard,  Puget 

Sound,  Wash. 
Weber,  Daniel  Rishel.     Box  174,  Weston,  Ore. 
Wheaton,  Walter  Robert.     Mgr.,  Pulp  Wood  Co.,  Appleton,  Wis. 
White,   Byron   Ellsworth.     Res.   Engr.,  Utica   Gas   &   Elec.   Co.,   Trenton 

Falls,  N.  Y. 
Whitham,  Paul  Page.     Cons.  Engr.,  445  Henry  Bldg.,  Seattle,  Wash. 
WiLLARD,  William  Clyde.     Plant  Engr.,  Kilbourne  &  Jacobs  Mfg.  Co.  (Res., 

408  Chittenden  Ave.),  Columbus,  Ohio. 
WiLMOT,    James.     Care,    Public    Service    Comm.,    142    East    59th    St.,    New 

York  City. 
Wilson,  Everitt  Wyche.     252  South  French  Broad  Ave.,  Asheville,  N.  C. 
Winchester,  Thomas  Harrison.     Care,  Stone  &  Webster,  Columbus,  Ga. 
WoEHRLiN,  George  John.     Civ.  Engr.  and  Archt.,  Box  350,  Sea  Cliff,  N.  Y. 
Wondries,  Charles  Henry.     Gen.  Mgr.,  Standard  Rock  Products  Co.,  1007 

Wright  &  Callender  Bldg.,  Los  Angeles,  Cal. 
Woodhouse,  Sidney  James.     Ingenio  Jatibonico,  Jatibonico,  Cuba. 
WooDY',  Norman  Cooper.     Winnfield,  La. 
Zachry,  John  Low.     922  Court  House,  Atlanta,  Ga. 

associates 

Belzner,  Theodore.  1st  Lieut.,  Engr.  Officers'  Reserve  Corps,  U.  S.  A., 
Military  Branch,  Officers'  Training  Camp,  Fort  Oglethorpe,  Ga. 

Byers,  .Benjamin  Butler  Franklin.  Gen.  Supt.,  The  Dravo  Contr.  Co., 
Sparrows  Point,  Md. 

Jacoby,  Henry  Sylvester.  Prof,  of  Bridge  Eng.,  Cornell  Univ.,  105  Har- 
vard PL,  Ithaca,  N.  Y. 

Jennings,  Charles  Augustus.  Cons.  Engr.;  Chicago  Representative,  Wal- 
lace &  Tiernan  Co.,  122  South  Michigan  Ave.,  Room  550,  Chicago,  111. 
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MKiuwirriiKR,    Coleman.     Care,    Portland    Cement   Assoc.    Ill    Wt-st    Wasli- 

ington  St.,  Chicago,  111. 
Moots,  Elmek  Earl.     P.  0.  Box  3,  Continental,  Ariz. 
MoKAN,  RoitERT  Bkeck.     623  Title  Insurance  Bldg.,  Los  Angeles,  Cal. 
Ritchie,    Johx    ]^Iii.tox.     Mgr.,    I'liiladelphia    Office,    Pennsylvania    Cement 

Co.,  3335  North  20th  St.,  Philadelphia,  Pa. 
Van  Name,  Joseph  Mason.     68  William  St.,  Room  707,  New  York  City. 
Whitney,  Parker  Richards.     Care,  Standard  Eng.  Co.,  Elhvood  City,  Pa. 
Wilson,  Hugh  Monroe.     Peckett's-on-Sugar-Hill,  Franconia,  N.  H. 
Wrenn,  James  Francis.     Pres.  and  Gen.  Mgr.,  McGiiire  Constr.  Co.,  Inc., 

Box  247,  Norfolk,  Va. 


AsHKiNS,  Nathan  Thomas.  Gen.  Mgr.,  Jefferson  Cement  Tile  Co.,  Wey- 
mouth, N.  S.,  Canada. 

Atkinson,  Guy.     Care,  The  Am.  Rolling  Mill  Co.,  Middletown,  Ohio. 

Banhrook.  Herrmann.  Structural  Engr.,  Ford  Motor  Co.,  226  ^farston 
Ave.,   Detroit,   Mich. 

Betts,  Clifford  Aull.     4  W^est  43d  St.,  St.  Elmo,  Tenn. 

Bley,  Charles  Nicholas.     Raymond,  Wash. 

BoLiN,  Harry  William.  Structural  Draftsman,  Roberts  &  Schaefer,  Mc- 
Cormick  Bldg.    (Res.,  3905  Sheridan  Rd.),  Chicago,  111. 
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Keokuk,  Iowa. 

Cobb,  William  Richard.     2973  Folsom  St.,  San  Francisco,  Cal. 

Connolly,  Donald  Hilary.  Capt.,  Corps  of  Engrs.,  U.  S.  A.,  1st  Battalion, 
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LiBBEY,  Valentine  Brousseau.     162  Crescent  Rd.,  Longmeadow,  Springfield, 

Mass. 
Lichtenstein,  Harry.     1102  Washington  Ave.,  New  York  City. 
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Yereance,  Alexander  Woodward.     418  Centre  St.,  South  Orange,  N.  J. 
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Ross,  Alexander  Bell June  11,  1917 

associate  members 

GooDSELL,  Daniel  Bertholf June  11,  1017 

TiRLEY,    Omner    Jay June  11,  1017 

juniors 

HORRIGAN,   Wn.LiA\t   James June  11.  1917 
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RESIQNATIONS 


Date  of 
esiguatio 

MooKEFiELD,    Chakles    Henry Juiie    11,  1917 


ASSOCIATE  MEMBERS  Resignation. 


JUNIORS 

Souther,  Morton  Edwin June    11,  1917 

DEATHS 

Everest,  Charles  Marvin.     Elected  Fellow,  November  1st,  1892;  died  July 

22d,   1917. 
FiRMSTONE,   Frank.     Elected   Member,   August   7th.    1878;    died   June   27th, 

1917. 
Frazee,  John  Hatfield.     Elected  Associate  Member,   December   6th,   1899; 

died  May  4th,   1917. 
Grimshaw,   James   Walter.     Elected    Member,   November    7th,    1888;    died 

February  15th,  1917. 
Howard,  Joel  Manning.     Elected  Associate  Member,  June  4th,   191.3;   died 

May  22d,  1917. 
Jenkins,  James  Edgar.     Elected  Associate  Member,   December   5th,    1906; 

Member,  March   14th,   1916;   died  July  5th,   1917. 
Locke,  Franklin  Buchanan.     Elected  Member,  March  1st,  1893;  died  May 

11th,  1917. 
Miller,  Stanley  Alfred.     Elected  Junior,   February  4th,   1902;    Associate 

Member,  April  6th,   1909;   Member,  .June  24th,   1916;   died  May   13th, 

1917. 
PoMEROY,   Lewis   Roberts.     Elected   Associate,   April    2d,    1890;    died   May 

7th,   1917. 
SiMSON,  David.     Elected  Member,  January  8th,   1902;   died  December   16th, 

1916. 
Spence,   David   Wendel.     Elected   Member,    October    1st,    1913;    died   June 

29th,  1917. 

Total  Membership  of  the  Society,  August  ad,  191 7, 
8  401. 
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MONTHLY  LIST  OF  RECENT  ENQINEERINQ  ARTICLES  OF 

INTEREST 

(May  1st  to  June  ;30tli,  1917) 

Note. — This  list  is  puhlisJied  for  the  purpose  of  placing  he  fore  the 
tnemhers  of  this  Society,  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can  he 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST  OF  PUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list  : 
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(19 

(20 

(21 

(22 
(23 
(24 
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(26 
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(31 


Proceedings,  Engrs.   Club  of  Phila.,     (32) 
Philadelphia,   Pa. 

Journal,     Franklin    Inst.,    Philadel- 
phia,  Pa.,  50c.  (33 

Journal,    Western     Soc.    ot    Engrs.,     (34 
Chicago,   111.,   50c. 

T>-ansactions,      Can.      Soc.      C.     E.,     (35 
Montreal,   Que.,   Canada. 

Gcsundheits     Ingenieur,      Miinchen,     (36 
Germany.  (37 

Stevens   Indicator,   Hoboken,    N.    J.,     (38 
50c. 

Industrial    Management,    New    York    (39 
City,  25e. 

Engineering  (London),  W.  H.  Wiley,     (40 
432  Fourth  Ave.,  New  York  City, 
25c.  (41 

The    Engineer     (London),    Interna- 
tional News  Co.,   New  York  City,     (42 
35c. 

Enaineering  News-Record,  New  York     (43 
City,   15c. 

Railway    Age    Gazette,    New    York     (44 
City,   15c. 

Engineering     atid     Mining    Journal, 

New   York   City,   15c.  (45 

Electric      Railway      Journal,      New     (46 
York   City,    10c. 

Railivay   Revieio,   Chicago,    111.,   15c.     (47 

Scientific       American       Supplement, 

New  York  City,   10c.  (48 

Iron   Age,  New  York  City,   20c. 

Railway     Enqineer,     London,     Eng- 
land.  Ip.   2d.  (49 

Ircm  and  Coal  Trades  Review,  Lon- 
don,  England,   6d.  (50 

Raihvay    Gazette,   London,   England, 

6d.    "  (51 

Aincrican  Gas  Engineering  Journal, 

N°w  York  City,"  10c.  (52 

Railuay   Mechanical  Engineer,  New 
York  City.   20c.  '  (53 

Electrical     Review,     London,     Eng- 
land, 4d. 

Electrical    World,    New    York    City,     (54 
inc. 

Journal,      New       England       Water-     (55 
Works   Aspoc,   Boston,   Mass.,   $1. 

Journal,     Royal     Society     of     Arts,     (56 
London,  England,  fid. 

Annates     des     Travnux     Publics     de     (57 
Bclgiquc,  Hrussels,  Belgium,  4  fr. 

Annales  de   I'Assoc.   des  Ing.   Sortis     (58 
des    Efolfs      Sp^ciales    de    Gand, 
Brussels,   Belgium,  4   fr. 


Memoires  et  Compte  Rendu  des 
1'ruvaux,  Soc.  Ing.  Civ.  de  France, 
Paris,   France. 

Le  Genie  Civil,  Paris,  France,  1  fr. 

Portefeuille  Econo7niqucs  des  Ma- 
chines, Paris,  France. 

Nouvelles  Annales  de  la  Construc- 
tion,  Paris,   France. 

Cornell  Civil  Engineer,  Ithaca,  N.  Y. 

Revue  de  Mecaniquc,  Paris,  France. 

Revue  Generate  des  Chemins  dc  Fer 
et   des   Tramicays,   Paris,    France. 

Technisches  Gemeindeblatt,  Berlin, 
Germany,   0,   70m. 

Zentralblatt  dei-  Bauverwaltung,  Ber- 
lin, Germany,  60  pfg. 

Electrotechnische  Zcitschrift,  Ber- 
lin, Germany. 

Proceedings,  Am.  Inst.  Elec.  Engrs., 
New  York  City,  $1. 

Annales  des  Ponls  et  Chaussees, 
Paris,  France. 

Journal,  Military  Service  Institu- 
tion, Governors  Island,  New  York 
Harbor,  50c. 

Coal  Age,  New  York  City,  10c. 

Scientific  American,  New  York  City, 
1  .'.c. 

Engineer,     Manchester, 
3d.  ■ 

Verein     Deutscher     In- 
Berlin,      Germany,      1, 


fUr    Bauwesen,     Berlin, 


Mechanical 
England, 

Zcitschrift, 
genieure, 
60m. 

Zcitschrift 
Germany. 

Stahl  und  Eisen,  DUsseldorf,  Ger- 
many. 

Deutsche  Bauzeitung,  Berlin,  Ger- 
many. 

Rigasche  Industrie -Zeitung,  Riga, 
Russia.   25  kop. 

Zcitschrift,  Ocsterreichischer  In- 
genieur  und  Architekten  Vereines, 
Vienna,  Austria,   70h. 

Transactions,  Am.  Soc.  C.  E.,  New 
York    City,    $12. 

Transactin7ts,  Am.  Soc.  M.  E.,  New 
York  City,  $10. 

Transactions,  Am.  Inst.  Min 


Engrs., 
London,     Eng- 


New   York  City,   $ 

Colliery     Guardian, 
land.    5d. 

Proceedings,  Engrs.'  Soc.  W.  Pa., 
568  Union  Arcade  Bldg.,  Pitts- 
burgh, Pa.,  50c. 
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(59)  Proceedings,        American        Water- 

Works  Assoc,   Troy,  N.  Y. 

(60)  Municipal  Engineering,  Indianapolis, 

Ind.,  25c. 

(61)  Proceedings,  Western  Railway  Club, 

225    Dearborn    St.,    Chicago,    111., 
25c. 

(62)  American  Drop  Forger,  Thaw  Bldg., 

Pittsburgh,  Pa.,  10c. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E., 

London,  England. 

(64)  Power,  New  York  City,  5c. 

(65)  Official  Proceedings,  New  York  Rail- 

road  Club,   Brooklyn,   N.   Y.,    15c. 

(66)  Gas  Journal,   London,   England,    6d. 

(67)  Cement      and     Engineering     News, 

Chicago,   111.,  25c. 
(69)    Der  Eiscnbau,  Leipzig,  Germany. 

(71)  Journal,   Iron   and   Steel   Inst.,   Lon- 

don, England. 
(71o)     Carnegie  Scholarship  Memoirs,  Iron 
and  Steel  Inst.,  London,  England. 

(72)  Amei'ican  Machinist,  New  York  City, 

15c. 

(73)  Electrician,  London,  England,   18c. 

(74)  Transactions,     Inst,     of     Min.     and 

Metal.,  London,  England. 

(75)  Proceedings,   Inst,   of   Mech.   Eugrs., 

London,  England. 

(76)  Brick,  Chicago,  111.,  20c. 

(77)  Journal,  Inst.  Elec.  Engrs.,  London, 

England,  5s. 

(78)  Beton    iind    Eisen,   Vienna,    Austria, 

1,  50m. 

(79)  Forscherarheiten,   Vienna,    Austria. 

(80)  Tonindnstrie    Zeitung,    Berlin,    Ger- 

many. 

(81)  Zeitschrift  fiir  Architektur  und  In- 

genieurioesen,     Wiesbaden,      Ger- 
many. 

(83)  Gas  Age,  New  York  City,  15c. 

(84)  he  Ciment,  Paris,   France. 

(85)  Proceedings,    Am.    Ry.    Eng.    Assoc, 

Chicago,  111. 

(86)  Enqineering-Contracting,       Chicago, 

111..    10c. 

(87)  Railway    Engineering    and    Mainte- 

nance of  Way,  Chicago,   111.,   10c. 

(88)  Bulletin    of    the    International     Ry. 

Congress    Assoc,     Brussels,     Bel- 
gium. 

(89)  Proceedings,    Am.    Soc    for    Testing 

Materials,    Philadelphia,    Pa.,    $5. 

(90)  Transactions,        Inst.        of        Naval 

Archts.,   Ix>ndon,    England. 
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(92 

(93 
(95 
(96 
(98 
(99 
(100 


101 
102 


103 
104 

105 
106 
107 
108 
109 
110 
111 
112 
113 
114 

115 
116 


Transactions,  Soc.  Naval  Archts. 
and  Marine  Engrs.,  New  York 
City. 

Bulletin,  Soc.  d'Encouragemeut 
pour  rindustrie  Nationale,  Paris, 
France. 

Revue  de  Metallurgie,  Paris, 
France,   4  fr.   50. 

International  Marine  Engineering; 
New  York  City,  20c. 

Canadian  Engineer,  Toronto,  Ont., 
Canada,  10c. 

Journal,  Engrs.  Soc.  Pa.,  Harris- 
burg,   Pa.,   30c. 

Proceedings,  Am.  Soc  of  Municipal 
Improvements,  New  York  City,  $2. 

Professional  Memoirs,  Corps  of 
Engrs.,  U.  S.  A.,  Washington, 
D.  C,  50c. 

Metal  Worker,  New  York  City,  10c. 

Organ  fiir  die  Fortschritte  des 
E Isenhahnwesens,  Wiesbaden,  Ger- 
many. 

Mining  and  Scientific  Press,  San 
Francisco,    Cal.,   10c. 

The  Surveyor  and  Municipal  and 
County  Engineer,  London,  Eng- 
land, 6d. 

Metallurgical  and  Chemical  En- 
gineering,   New    York    City,    25c. 

Transactions,  Inst,  of  Min.  Engrs., 
London,  England,   6s. 

Sclnocizerische  Bauzeitung,  Ziirich, 
Switzerland. 

Southern  Machinery,  Atlanta,  Ga. 
10c. 

Journal,  Boston  Soc.  C.  E.,  Boston, 
Mass.,    50c. 

Journal,  Am.  Concrete  Inst.,  Phil- 
adelphia,   Pa.,   50c. 

Journal  of  Electricity ,  Power  and 
Gas,  San  Francisco,  Cal.,  25c. 

Internationale  Zeitschrift  fiir  Was- 
ser-V ersorgung ,  Leipzig,  Germany. 

Proceedings,  Am.  Wood  Preservers' 
Assoc,    Baltimore,    Md. 

Journal.  Institution  of  Municipal 
and  County  Engineers,  London, 
England.    Is.    6d. 

Journal,  Engrs.'  Club  of  St.  Louis, 
St.   Louis,   Mo.,   35c 

Blast  Furnace  and  Steel  Plant, 
Pittsburgh,  Pa.,  15c. 


LIST  OF  ARTICLES 
Bridges. 

The    Reconstruction    of    Koari    Bridge.    Great    Indian    Peninsula    Railway.     Thomas 

Christie   Hood.      (63)      1915-16,    Pt.    11. 
Pier-Foundations    of   the   Wanganui    Bridge,    New    Zealand.*      Robert   West    Holmes. 

(63)      1915-16,    Pt.    II. 
Design  of  Flat  Arches  with  Fixed  Ends.      G.   R.  Maguel.      (11)      Apr.   27. 
Graphics   in    Bridge   Design.*      H.   S.   Jacoby.      (36)      May. 
Salvaging   Second-IIand   Girder   Spans.*      S.    J.    Corey.      (87)      May. 
Modern    Heavy   Traffli!    Destroys   East    River    Bridge    Paving.*      (13)      May    10. 
Will    Soon    Complete    Sciotoville   Continuous   Truss    Bridge.*      (13)      May    17. 
Concrete    Arch     Bridge     for     Railway     Crosses     River     on     Reverse     Curve.*      (13) 

May  24. 
Suspension    Bridge    Solves    Problem    of    Crossing    Rio    Chiriqui    in    Panama.*      A.    S. 

Zinn.      (13)      May   31. 
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Bridges — (Contlnaed). 

The   Xew   Burlington    Bridge   at   Kansas   City.*      (15)      June  8. 

Tendencies   In    Bridge  Construction:    An   Interview.*      (13)      June   14. 

Bridge   Renewals   Under   Abnormal   Conditions.*      (15)      June   22. 

Restauration   de   Fonts   et   Beton   Arnie  Fissurfi   sur   les   Cheniins   de  Fer   prusslens  * 

{33^      June   2. 
Wettbewerb  fiir  eine  Briicke  uber  die  Blrs  an  der  Redingstrasse  in  Basel.*      (107) 

May  5. 

Electrical. 

The   Mechanical  Working  of  Lead-Covered  Underground   Telephone-Cables.     Charles 

Frederick    Street.      (63)      1915-16,    Pt.    IL 
Electrical     Precipitation    of    Solids    from    Gases.     Linn    Bradley.      (5)      Jan. -June, 

1916. 
Star-Delta  Method  of  Starting  Three-Phase  Motors.*      (Ill)      Serial  beginning  Feb.  1. 
The    Determination    of    the    Sequence    of    Phases    from    Wattmeter    Readings.*      Gis- 

bert  Kapp.      (77)      Apr. 
Machine-Switching  Telephone  Gear.*      F.  R.  McBerty.      (77)      Apr. 
New   Apparatus   and   Appliances.*      (27)      Apr.   5. 
Impedance  of   Steel    Rails.*      (27)      Apr.    5. 
Conductivity     of    Earth     Conductors     and     Metallic     Sheathing.      S.     Simon.      (Paper 

read  before  Assoc,  of  Min.  Elec.   Engrs.)       (22)      Apr.   13. 
Wheatstone    Bridges   and    Some   Accessory    Apparatus    for    Resistance   Thermometry.* 

E.  F.   Mueller.      (Abstract  of  paper  in  Bulletin  of  Bureau  of  Standards.)       (73) 

Apr.    13. 
The  Lumen  as  a  Measure  of  Illuminating  Power.*      (26)      Apr.   13. 
Large    Generator    and    Transformer    Failures    on    the    Rand    Power    Companies    Sys- 
tems.*     A.   E.  Val   Davies.      (73)      Apr.   13. 
The    Greaves-Etchells    Electric    Furnace.*      (26)      Apr.    13. 
Tramways  with   Rectified   Current.*       (Abstract  of  article   in  the  Brown-Boveri   Mit- 

teihingcn.)       (73)      Apr.    13. 
A   Linking-up    Scheme:    Accrington,    Haslingden   and    Rawtenstall.*      (26)      Apr.    20. 
New   Electrical    Devices,   Fittings   and   Plant.*      (26)      Apr.    20. 
The   Electrical    Equipment   of   Motor   Garages.      (26)      Apr.    20. 

Range  of  Wireless  Stations.      R.  Chenevix  Trench.      (73)      Serial  beginning  Apr.   20. 
An    Electric    Resistance  Furnace   for    Melting    in    Crucibles.*      H.    C.    Greenwood    and 

R.   S.   Hutton.      (Paper  presented  before   the   Inst,   of   Metals.)       (47)      Apr.   20. 
Electric    Vehicles.*      C.    G.    Conradi.      (Abstract    of    paper    read    before    Derby    Soc. 

of    Engrs.)       (73)      Apr.    27. 
High-Tension    Overhead    Transmission    Lines.      G.    V.    Twiss.      (Abstract    of    paper 

read    before    Inst,    of    Elec.    Engrs.)       (73)      Apr.    27;      (26)      Serial    beginning 

May    11;     (77)    June. 
Voltage    Regulation    of    Rotary    Converters.*      G.    A.    Juhlin.      (Paper    read    before 

the  Inst,  of  Elec.  Engrs.)       (26)    Apr.  27;    (77)    Apr. 
Wiring  with   Tough   Rubber  Compound   Cables.*      W.   Ellerd-Styles.      (26)      Apr.   27. 
Electric   Equipment  of  a   35-In.   Reversing  Mill.      (22)      Apr.   27. 
Novel  Features  in  D.  C.  Watt-Hour-Meter  Construction.      (26)      Apr.  27. 
Wayleaves.      C.   Vernier.      (Paper  and   discussion    read   before   Inst,   of  Elec.   Engrs.) 

(77)      Serial  beginning  May;   (104)  Serial  beginning  Apr.  20;   (26)   Serial  begin- 
ning Apr.  27;    (73)   Serial  beginning  Apr.  27. 
A    New    Concentric    Standard    Dynamometer    Wattmeter    for    Heavy    Currents :    and 

Concentric    Non-inductive   Standards   of   Low   Resistance.*      A.    E.   Moore.      (77) 

May. 
Some    Points    in    Connection    with    Engineering    Specifications.      J.    Shepherd.      (77) 

May. 
The   Insulator   Situation.*      W.   D.   Peaslee.      (42)      May. 
Multiplexing   in   Cable  Telegraphy.*      George  O.    Squier.      (3)      May. 
Electric    Furnace    in    Making    Special    Steel.*      Charles    C.    Lynde.      (116)      May. 
Expansion    Effects    as    a    Cause    of    Deterioration    in    Suspension    Type    Insulators.* 

J.    A.    Brundige.      (42)      May. 
Unusual   Details   in  Power  House  Installation.*      J  P.  Jollyman.      (Ill)      May   1. 
Mechanically   Operated   Electric   Elevator   Controller.*      J.   Gintz,   Jr.      (64)      May    1. 
Equipment   Necessary   for  the   Cottrell    Process.*      (HI)      May   1. 
Promotion    in    Electricity    Supply    Undertakings.      (26)      May    4. 
Note   on    the    Rating   of    Intermittent    Motors   of    Large   Output.*      H.    H..  Broughton. 

(73)      May    4. 
February  Central   Station   Statistics.      (27)      May  5. 

Practical  Talks  on  Controllers-Series-Type  Contactors.*      (64)      May  8. 
The    Wiring    Rules    of    the    Institution    of    Electrical    Engineers.      W.    R.    Rawlings. 

(Abstract  of  paper  read  before  Assoc,  of  Supervising  Electricians.)       (47)      May 

The   Determination    of   the   Torque   of   a    Direct-Current    Meter.*      E.    Alberti.      (Ab- 
stract from  Elektrotechnische  Zeitschrift.)      (73)      May  11. 
Electro-Culture    and    Crop    Production :      Results    During   1916.*      (26)      May    11. 


•  Illustrated. 
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Electrical— (Continued). 

Electric  Converting  Machinery.*      C.   S.   Buyers.      (22)      May   11. 

Overhead  Lines  and  Inductive  Interference.  (Abstract  of  report  submitted  to 
Nat.    Elec.    Light   Assoc.)       (27)      May    12. 

Connecticut    Company's    Power   Plant.*      (17)      May   12. 

FioodliglitinK    Outdoor    Substations.*      M.    M.    Samuels.      (27)      May    12. 

The  Equilibrium   of  the   Hasic    Bismuth   Salts.      A.    Mutscheller.      (105)      May    15. 

The  Production  of  Magnetite  Electrodes.  M.  De  Kay  Thompson  and  T.  C.  Atchi- 
son.     (105)      May    15. 

Demand    Meters   of   Time  Lag  Type.*      W.   A.    Hillebrand.      (Ill)      May   15. 

Hyperbolic  Solution  for  Engineering  Problems.*  W.  D.  Peaslee.  C'll)  Serial 
beginning    May   15. 

Steam  vs.  Oil  Engines  for  Small  Light  Plant.*      L.  H.  Morrison.      (64)      May  15. 

The  Ossman  Phenomenon.  William  C.  Moore.  (Paper  read  before  the  Am.  Electro- 
chemical   Soc.)       (105)      May    15. 

Emergency   Transformer  Connections.*      G.   P.    Roux.      (64)      May   15. 

Principles  of  Power-Plant  Management.*  Walter  N.  Polakov.  (Abstract  of  paper 
read  before  joint  meeting  of  Boston  Sections  of  Am.  Soc.  of  Mech.  Engrs.  and 
Am.    Inst,   of   Elec.   Engrs.)       (64)      May    15. 

Practical  Talks  on  Controllers — Lockout-Type  Contactors.*  (64)  Serial  beginning 
May  15. 

15  000-K.  W.  Three-Phase  Turbo-Alternator  For  Lots-Road  Power  Station.*  (11) 
Serial   beginning  May   18. 

Experiments  on  Construction  of  Electric  Bells.  L.  H.  Howlett  and  W.  E.  King. 
(22)      May   IS. 

Speed  Control  of  Induction  Motors  for  Steel  Mill  Drive.  J.  D.  Wright.  (Abstract 
from   General  Electric  Review.)       (73)      May  18. 

The  Theory  of  Armature  Windings.*  S.  P.  Smith.  (Abstract  from  Proceedings, 
Inst,   of   Elec.   Engrs.)       (73)      Serial   beginning   May    18. 

X-Rays.  William  J.  Hancock.  (Paper  read  before  Royal  Soc.  of  Western  Aus- 
tralia.)      (19)      May   19. 

Three-Phase   Connections.*      R.    E.    Uptegraff.      (27)      May    19. 

Some  Causes  of  Underground  Cable  Failure.*  Henry  A.  Cozzens,  Jr.  (27) 
May    19. 

Reconnecting  Induction  Motors— Diagrams  of  Uncommon  Open-Slot  Windings.* 
A.   M.   Dudley.      (64)      May  22. 

The  Electrical  Study  Course — Series-  and  Parallel-Circuit  Calculations.*  (64) 
Serial   beginning  May   22. 

Providing  for  Telephone  Service  Requirements  in  Design  of  Large  Buildings. 
(86)      May   23. 

Electric  Japanning.  C.  D.  Carlson.  (Abstract  of  paper  presented  before  Cleveland 
Eng.   Soc.)       (20)      May  24. 

Furnace    Charging    Machine.*      (20)      May    24. 

Surge  Breakdowns  in  Networks.  M.  J.  Sarolea.  (Abstract  from  Revue  Qenerale  de 
I'Electricite.)       (26)     May    25:     (27)     June    30. 

Characteristics    of    Maximum-Demand    Meters.      W.    F.    Kimball.      (27)      May    26. 

How  to  Detect  and  to   Deal  with  Electricity   Thieves.*      (27)      May   26. 

Costliness  of  Light  Absorption.*      Roy   Kegerreis.      (27)      May   26. 

Tentative  Draft  of  a  Code  of  Safety  Standards  for  Power-Transmission  Machin- 
ery.*     (55)      June. 

Electric  Wave  Phenomena  in  the  Dynamo-Electric  Machine.*  F.  Greedy.  (77) 
June. 

Electric  Motor  Control  Gear.  John  T.  Mould.  (Abstract  of  paper  read  before  Assoc. 
of   Supervising    Electricians.)       (47)      June    1. 

The  Protection  of  Telephone  Circuits  Used  in  Electric  Power  Distribution.*  E.  K. 
Shelton.      (Abstract   from   General   Electric   Rcviev).)       (73)      June   1. 

A  Noteworthy  Symposium  on  Rates.  (Discussion  held  at  Pacific  Coast  Section 
of  N.  E.  L.  A.)       (Ill)      June  1. 

A  Self-Rpcording  Electrometer  For  Atmospheric  Electricity.*  W.  A.  Douglas 
Rudge.  (Abstract  of  paper  in  Proceedings,  Cambridge  Philosophical  Soc.) 
(73)      June    1. 

Definite   Time    Interval    Demand    Meters.*      W.    A.    Hillebrand.      (Ill)      June   1. 

The   Standardisation    of    Resistors.*      (73)      June    1. 

Static   Sub-Stations.      (26)      June   1. 

Electric  Cooking  and  Water  Heating.  (Discussion  held  at  Pacific  Coast  Section 
of  N.   E.   L.   A.)       (Ill)      June   1. 

The  Manufacture   of   Controller   Drums.*      R.   K.   Shield.      (26)      June   1. 

The    Resistance    of    Earth    Connections.*      L.     Birks    and    B.    Webb.      (Abstract    of 
paper    read    before    Philosophical    Inst,    of    Canterbury,    New    Zealand.)        (73) 
June  1. 

Some  Theoretical  Aspects  of  Electrical  Fume  Precipitation.*  W.  W.  Strong.  (Paper 
presented  at  joint  meeting  of  Am.  Inst,  of  Min.  Engrs.  and  Am.  Electro- 
Chemical    Soc.)       (105)      June   1. 

What  Adequate  Lighting  Means   to   Industries.*      C.   E,   Clewell.      (27)      June   2. 

*  Illustrated. 
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Electrical— (Continued). 

Chart  for  Determining  Power  Costs.*      H.  Bailey.      (64)      June  5. 

Control   of   Direct-Current   Shunt   Motors.*      H.   D.   James.      (Abstract   of   paper    read 

before  Am.  Inst,  of  Elec.  Engrs.)       (47)      June  8. 
Some    Xotes    on    the    Measurement    of    the    Insulation    Resistance    of    a    Live    Three- 
wire    Network.      G.    W.    Stubbings.      (26)      June    8. 
Reinforced  Concrete  Transmi-'-sion  Poles.*      (26)      June   8. 
A    Concentric    Standard    Dynamometer    Wattmeter    and    Non-inductive    Standards    of 

Low   Resistance.*      A.   E.   Moore.      (Abstract  from  Journal  of   the  Inst,   of  Elec. 

Engrs.)       (26)      June   8. 
A    Resistance   Bridge   For  Workshop   Use.*      Oscar   De   Wette.      (73)      June    8. 
The    Present    Position    of    Electric    Cooking    Apparatus.      (Abstract    of    a    Report    on 

Heating  and  Cooking  Apparatus.)       (73)      June   8. 
The  Electric   Arc   in   Wireless  Telegraphy.*      Eugene   Murphy.      (46)      June   9. 
Testing   Insulation   of  Generators   in   Motion.*      E.   O.   Schweitzer.      (27)      Juue   9. 
Taking  Care  of  Corner  Stresses  From  Large  D.  C.  Feeders.*      S.   L.  Foster.      (17) 

June  9. 
New   Source    of    Power    for    Public    Service    Railway    (Essex    Power    Plant).*      (17) 

June  9. 
Electrolysis — Troubles    Caused    Thereby    and    Remedies    Which    May    be    Applied. 

Albert  F.   Ganz.      (24)      June  9. 
Modern   Lamps   and   Industrial   Applications.*      C.   E.    Clewell.      (27)      June   9. 
Reversal    of    Exciter    Polarity.*      M.    A.    Walker.      (64)      June    12. 
Transmission-Line   Formula.      E.    M.    Richards.      (64)      June    12. 
Cooperation    Between    Central    Stations    and    Private    Power    Plants.*      Percival    R. 

Moses    and    W.    F.    Schaller.      (Abstract    of    paper    read    before    Boston    Section 

of  Am.  Soc.  of  Mech.  Engrs.  and  Am.  Inst,  of  Elec.  Engrs.)       (64)      June  12. 
Standardization    of    Transformers.      S.    J.    Lisberger.      (Ill)      June    15. 
Use  of  Power  and  Rates  For  Irrigation  Pumping.*      G.  R.  Kenny.      (Ill)      June  15. 
Recent    Developments    in    Electricity    Supply    at    Keighley.*       Harry    Webber.      (26) 

June   15. 
Notes  on   the   Installation  of  Starting  Compensators.*      (HI)      June  15. 
Merchandising   Electrical    Energy    in    the   West.      (Discussion   held   at    Pacific    Coast 

Section  of  N.   E.   L.   A.)      (Ill)      June   15. 
Leads      For      Electric      Furnaces.*      Arvid     Lindstrom.      (Translated     from     Teknisk 

Tidskrift.)       (105)      June   15. 
Utilization  Factors  For  Street-Lighting  Units.*      Eugene  Peterson.      (27)      June   16. 
Repulsion   and   Mutual   Inductance  of  Reactors.*      H.   B.  Dwight.      (27)      June   16. 
Relation   of    Industrial    Lighting   to    Safety.*      C.    E.    Clewell.      (27)      June    16. 
Economical   Spacing  of  Transformers.      P.   O.   Reyneau.      (27)      June   16. 
Turbine  Oiling  System  in  Essex   Power  Station.*      A.   T.   Brown.      (64)      June  19. 
Auxiliary    Motors    and    Control    Gear    For    Steel    Works.*      (26)      June    22;     (22) 

June    22. 
Individual    Interest    in    Municipal    Enterprise.      J.     Horace    Bowden.      (Abstract    of 

paper  presented  at  the  Incorporated   Municipal   Elec.  Assoc.)       (104)      June  22. 
Heating  of  Dynamo  Electric  Machines  With  Various  Loads  and  at  Different  Speeds.* 

Magnus    Maclean    and   D.    J.    Mackellar.      (73)      Serial    beginning   June    22. 
Timely   Economy   of   Industrial   Electric   Trucks.*      (27)      June   23. 
Legal    Requirements   of  Factory   Lighting.*      C.   E.    Clewell.      (27)      June   23. 
Equipment    for    Testing    Motors.*      H.    L.    Hearvey.      (64)      June    26. 
Power    Requirements   of    Grain    Elevators.*      F.    F.    Espenschied.      (27)      June    30. 
Lighting   in  Automobile   Factories.*      C.   E.    Clewell.      (27)      June   30. 
Labor   Economy  of   Industrial   Trucks   and  Tractors.*      (27)      June   30. 
La   Fixation   de   I'Azote   Atmospherique.      Daniel   Florentin.      (33)      Serial    beginning 

May    19. 
L'Eclairage   des   Ateliers    Industriels.      (33)      June    23. 
La     R§.-;istance     Interne     et     la     Resistance     Superficielle     des      Isolateurs.*      (33) 

June  30. 
Das    Neue    Elektrizitatswerk    der    Stadt    Chur    an    der    Plessur    bei    Liien.*      (107) 

June  30. 

Marine. 

Electric  Pumping  EJquipment  and  Notes  of  Interest  on  Union  Oil  Company  of  Cali- 
fornia's Tank  Steamer  La  Brea.*      Hugo  P.   Frear.       (91)      Vol.   24,    1916. 

Refrigeration  and  Refrigerator  Insulation  on  Board  Ship.*  Robert  F.  Massa. 
(91)      Vol.  24,  1916. 

Military  and  Technical  Considerations  of  Battleship  Design.  R.  D.  Gatewood.  (91) 
Vol.   24.   1916. 

On  the  Suitability  of  Current  Design  of  Submarines  to  the  Needs  of  the  United 
States  Navy.*      N.  L.  Rogers.      (91)      Vol.  24,   1916. 

Salvage  Equipment  Used  in  Raising  Submarine  F-Jf.*  3.  A.  Furer.  (91)  Vol.  24, 
1916. 

The  Rolling  and  Floating  Steel  Cassions  of  the  Levis  Dry  Dock,  Lauzon,  County  of 
Levis,   P.   Q.*      Lesslie   R.   Thomson.      (5)      Jan. -June,    1916. 

*  Illustrated. 
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Marine— (Continued). 

Standardisation  of  Marine  Engines  for  Cargo  Steamers.  W.  V.  Lang.  (Abstract 
of  paper  read  before  Inst,  of  Marine  Engrs.)       (47)      Serial  beginning  April  20. 

The  San   Marcos  Experiments.*      (12)      April  27. 

On  tho  Differences  in  Effect  of  Twin  Screws  WTien  Turning  "Inward"  or  "Out- 
ward."*     C.   H.   Hoist.      (11)      May  4. 

The   Submarine  Swatter.*      Wm.   Washburn   Nutting.      (46)      May   5. 

American   Wooden   Sailing  Ships   With   Auxiliary   Motors.*      (11)      May   11. 

Cavitation:   A  Study  of  the  Screw   Propeller.*      C.   H.  Hoist.      (19)      May   12. 

On   Wake-Stream  and   Suction.*      C.   H.   Hoist.      (11)      May  18. 

Engineering  Contractors  Recover  Stranded  Submarine  H-3.*      (13)        May  24. 

The  Inception  and  Development  of  the  Submarine  Boat.*  John  P.  Holland,  Jr. 
(Presented  at  Meeting  of  Engineers'   Club.)       (2)      June. 

Three-Inch   United   States   Navy   Projectiles.*      (72)      June   7. 

How  to  Make  Ships  Torpedo-Proof.*      Hudson   Maxim.      (46)      June  9. 

Shipyard  Cranes.  M.  G.  De  Gelder.  (Paper  read  before  Institution  of  Naval 
Architects.)       (19)      June   9. 

The  Revival   of  Wooden  Shipbuilding.*      (19)      June  16. 

Wooden   Ships  and   Ship   Worms.*      Howard   F.  Weiss.      (46)      June   16. 

Le  Renflouement  su  Sous-Marins  Allemand  U-C-12  et  son  Utilisation  par  la  Marine 
italienne.*      (33)      May   26. 

Lc  Milaiso,  Navire  Charbonnier  et  Petrolier  muni  d'Appareils  Speciaux  de  Decharge- 
ment.*      (.33)      June  2.'5. 

Les   Nouveaux   Navires  Mixtes  en   Bois   Construits   aux   Etats-Unis.*      (33)      June  6. 

Mechanical. 

Repairs  to  Factory  Chimneys.*      Thomas  Henry  Ward.      (63)      1915-1916,   Pt.   II. 

The  Development  of  Appliances  for  Handling  Raw  Materials  and  Merchandise  at 
Ports  and  Other  Large  Centres  of  TrafiBc.  Sir  John  Purser  Griffith.  (63) 
1915-1916,  Pt.   II. 

The  Design  of  an  Oil   Engine.*      John  F.  Wentworth.      (91)      Vol.   24,  1916. 

The   Power-Forging  of   Chain    Cables.*      Frederic   G.   Coburn.      (91)      Vol.    24,    1916. 

The   Rectification   of   Benzol.*      W.    Newton    Drew.      (106)      Mar. 

Coefficient  Curves  for   Stack   and   Oven   Gas.*      Thos.   J.   Estep,   Jr.      (116)      April. 

Formula  For  Calculating  the  Heat  Carried  to  Waste  by  the  Flue  Gases.  E.  A. 
Uehling.      (8)      April. 

Uniflow   Steam   Engine   for   Rod   Mill   Drive.*      Charles   C.   Lynde.      (116)      April. 

Pulverised   Coal   as   Fuel    for   Open-Hearth   Furnace.*      (22)      Apr.    13 

The  I'tilisation  of  Low-Grade  Fuels.  John  W.  Cobb.  (Lecture  delivered  before 
Midland    Section    of   Coke   Oven   Managers'    Assoc.)       (22)      Apr.    13. 

The  Theory  of  Air-Screws.*      (11)      Apr.  13. 

The   Standardisation  of   Screw  Threads.*      (11)      Apr.    13. 

Steels   Suited   to   Aeronautical   Purposes.      G.   A.   Richardson.      (47)      Apr.    20. 

Five-Ton  Petrol  Motor  Lorry.*      (12)      Apr.   20. 

The  Application  of  Coal  Gas  to  Industry  in  War  Time  :  Its  National  Importance.* 
Horace  M.   Thornton.      (29)      Apr.;     (47)      Apr.   27. 

Davidson's    Two-Cycle    Internal-Combustion    Engine.*      (47)      Apr.    20. 

Aero-Hydro  Fan  Separator.*      (47)      Apr.  20. 

Some   Details  of  Westinghouse   Steam   Turbines.*      (73)      Apr.   20. 

Production  of  Aluminum  Castings.  J.  Gaunt.  (Paper  read  before  British  Foun- 
drymen's   Assoc.)       (47)      April    27. 

Early  History  of  the  Steam  Engine.  V.  A.  Wilkes.  (Paper  read  before  Nat.  Assoc, 
of  Colliery  Managers.)       (22)      April   27. 

Coal-handling  Plant  at  Rand  Power  Stations.*  T.  G.  Otley  and  Verney  Pickles. 
(Abstract  from  Journal  of  South  African   Inst,   of  Engrs.)       (57)      April   27. 

Bearing   Lubrication.*      Boyton    M.    Green.      (47)      April    27  ;      (20)      May   17. 

Refrigeration.      (57)      April  27. 

The   Problem   of  Aeroplane   Engine   Design.      Charles   E.    Lucke.      (55)      May. 

The  Design  of  Motor-Truck   Engines  for  Long  Life.     John   Younger.      (55)      May. 

Relation  of  Efficiency  to  Capacity  in  the  Boiler  Room.*  Victor  B.  Phillips.  (55) 
May. 

Coal   and   Ash   Transportation   at   Producers.*      H.   V.   Schiefer.      (116)      May. 

Test  of  a  Motor  Fire  Engine.*      Horace  Judd.      (55)      May. 

Boosting    Drop    Hammer    Shop    Production.*      Charles    C.    Lynde.      (62)      May. 

Gauging  the  Capacities  of   Blooming  Mills.      W.   Trinks.      (116)      May. 

Compressed    Air.*      Charles    L.    Hubbard.      (9)      May. 

Graphite:   Its  Origin,   Formation,   and  Action.*      James  Scott.      (21)      May. 

The  Relation  of  Port  Area  to  the  Power  of  Gas  Engines  and  its  Influence  on  Regu- 
lation.*     J.   R.   Du   Priest.      (55)      May. 

Metal  Planers  and  Methods  of  Production.      Charles  Muir.      (55)      May. 

A  Foundation  for  Machine-Tool  Design  and  Construction.*  A.  L.  De  Leeuw.  (55) 
May. 

Development  of  Scientific  Methods  of  Management  in  a  Manufacturing  Plant.  San- 
ford  E.  Thompson,  William  O.   Lichtner,   and  Henry  J.   Guild.      (55)      May. 


•  Illustrated. 
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Machine-Shop   Organization.      Fred   G.   Kent.      (55)      May. 

Cleaning   Forgings   by    Power   Sand    Blast.      (62)      May. 

Radiation  Error  in  Measuring  Temperature  of  Gases.*      Henry  Kreisinger  and  J.   F. 

Harliley.      (55)      May. 
Tests  of   I'nitlow   Steam  Traction  Engines.*      F.   W.   Marquis.      (55)      May. 
Gas-Washing,  Analysis  of  Products,  Application  to  the  Control  of  Stills.     A.  Edwards. 

(Paper   read  before  Yorkshire   Junior  Gas  Assoc.)       (66)      May  1. 
Distillation  of  Coal   Under  Reduced  Pressure.      (66)      May   1. 

Control    of   Absorption   Gasoline   Plants.*      P.    McDonald    Blddison.      (83)      May    1. 
Triple-Purpose   Radial    Drilling   Machine.*      (20)      May   3. 
Using    Wood    to    Replace    Metal    in    Die    Construction.*      William    C.    Babbitt.      (72) 

May  3. 
Toolroom  Grinding.*      J.   B.   Murphy.      (72)      May  3. 

Operations  in  the  Manufacture  of  a  Water  Motor.*      Robert  Mawson.      (72)      May  3. 
Shop-Dighting  Legislation   in   1916.*      C.  E.   Clewell.      (72)      May   3. 
Cementation  by  Gas  Under  Pressure.*      F.  C.  Langenberg.      (Abstract  of  Paper  read 

before   Iron   and   Steel   Inst.)       (22)      May   4. 
On    a    Precision    Method    of   Uniting   Optical    Glass — The    Union   of   Glass    in    Optical 

Contact   by   Heat  Treatment.      R.   G.   Parker   and   A.   J.   Dalladay.      (Abstract  of 

paper  read  before  Faraday   Soc.)       (73)      May  4. 
Properties  of  the  Refractory  Materials  used  in  the  Iron  and  Steel  Industry.     Cosmo 

Johns.      (22)      May  4. 
Screw    Thread    Measurement.*     Arthur    Brooker.      (Abstract    of    Paper    read    before 

Liverpool   Eng.   Soc.)       (47)      Serial  beginning  May   4. 
The    Standardisation    of    Benzol    Works    Tests.      Thomas    B.    Smith.      (Abstract    of 

paper  read  before  Coke  Oven  Managers'  Assoc.)       (57)      May  4. 
Recent    Developments    in    Air-Pump    Design.*      E.    Jones.      (Abstract    of    paper    read 

before    Inst,    of   Engrs.    and    Shipbuilders    in    Scotland.)       (47)      May    4. 
The  Deterioration  of  Turbine  Blading.*      A.  Fenwick.      (Abstract  of  paper  read  before 

South  African   Inst,  of  Engrs.)       (11)      Serial  beginning  May  4. 
The   Deterioration   of   Curtis    Rateau   Turbine   Blading.*      A.    Fenwick.      (Abstract   of 

paper    read    before    South    African    Inst,    of    Engrs.)       (26)      Serial    beginning 

May  4. 
Coke  Braize  and  Its  Utilization.*      W.   A.  Hamor.      (45)      May   5. 
Installation   and   Care  of  Leather,   Rubber   and   Canvas   Belting.*      (76)      May   8. 
Foundations   and   Foundation   Plans.*      D.   O.    Barrett.      (64)      May   8. 
Fuel  Oil   for  Stationary   Power  Plants.      Frederick  Ewing.      (Abstract  of  paper  read 

before  joint  meeting  of   Boston   Sections,   A.    S.    M.    B.   and   A.    I.   E.   E.)       (64) 

May  8. 
Telephone  and  Telegraph  Building  Steam-Power  Plant.*     Warren  O.   Rogers.      (64) 

May  8. 
Relative  Efficiency  of  Up-Draft  and   Down-Draft   Kilns.      J.   D.   Pratt.      (Paper   read 

before    Annual    Meeting    of    the    Wisconsin    Clay    Manufacturers'    Assoc.)       (76) 

May  8. 
Building   Airplane   Motors.*      Fred   H.    Colvin.      (72)      May    10. 
Design  of  Square  Broaches.*      Walter  G.  Groocock.      (72)      May  10. 
Coke-Making    Problems    and    Their    Solution.      H.    E.    Bloor.      (Abstract    of    address 

before   North  of  England  Gas   Managers'   Assoc.)       (57)      May   11. 
Notes    on    Some    Quenching    Experiments.*      Lawford    H.    Fry.      (Abstract    of    paper 

read  before  Iron  and  Steel   Inst.)       (47)      May  11. 
Gas    Engines   v.    Steam    Turbines    For    Iron    and    Steel    Works.      Douglas    L.    Cooper. 

(Paper  read  before  Cleveland  Inst,  of  Engrs.)       (47)      May  11;      (22)      May  4; 

(66)      May  15. 
Meeting  the   High  Price  of  Coal.*      L.  D.  Shank.      (27)      May   12. 
Britain's    Bid    for    the    Control    of    the    Air:     How    British    Aircraft    Production    Has 

Kept    Pace    with    the    Demands    of    the    War.*      G.    L.    Faulkner.      (46)      Serial 

beginning  May  12. 
Drill   Bits  and  Drill  Steel  For  Metal  Mining.      George  H.  Gilman.      (16)      May  12. 
Byproduct   Ovens   at   the   Mines.      J.    W.   Knowlton.      (45)      May   12. 
Scrubbing   of   Carburetted   Water   Gas   Would    Recover   Great   Quantities   of   Benzene, 

Toluene,    Xylene.      Gustav    Egloff.      (24)      May    12. 
Gives  Cost  of  Heating  by  Gas  in  Offices,   Homes  and  Stores.     H.  D.  O'Brien.      (24) 

May  12. 
Some   Wartime   Alterations  of   Works.*      H.    E.    Bloor.      (Paper   and    discussion   read 

before  North  of  England  Gas   Managers'   Assoc.)       (66)      May   15. 
Porcelain.*      A.   V.   Bleininger.      (105)      May   15. 
Effect  of  War  on  the  Present  Price  of  Gas.     Charles  W.   Hoy.      (Paper  read  before 

New   Jersey   State  Gas  Assoc.)       (83)      May  15. 
Bleeding  Turbines   To   Heat  Feed   Water.*      H.    F.   Gauss.      (64)      May   15. 
Operating   Mechanical    Stokers.*      Warren    O.    Rogers.      (64)      Serial    beginning    May 

15. 
The   Grinding  Wheel — A   Link   Between    Electric   Furnace   and   Automobile.      Richard 

J.    Williams.      (Paper    read    before    the    Am.     Electro-chemical     Soc.)      (105) 

May   15. 

•  Illustrated. 
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Equivalent   Evaporation    and   Factor   of  Evaporation    in  Fuel    Oil   Practice.*      Robert 

Sibley.      (Ill)      May   15. 
Benzol    llecovery    at    Gorleston    by    a    Modified    Dehydrating    Plant.*      E.    F.    Keable. 

(Abstract    and    Discussion    of    Paper    before    Eastern    Counties    Gas    Managers' 

Assoc.)       (66)      May   15. 
Recent    Developments     in    Higli    Pressure     Distribution.*      Charles     Wilde.      (Paper 

read   before   Penn.   Gas   Assoc.)       (83)      May  15. 
Lignite  For  Production  of  Gas.      (83)      May  15. 
Gas  Examinations  Questions.      (66)      May   15. 
Industrial  Uses  For  Natural  Gas.*     R.  A.  Ziegeler.      (Paper  read  before  the  Indiana 

Gas  Assoc.)       (83)      May   15. 
Punch  and  Die  Standards.*      M.  S.  Wright.      (72)      May  17. 
Some  Unusual   Results  of  Cast-iron  Tests.      Paul  R.  Ramp.      (20)      May  17. 
Plant  of  Van  Dorn  &  Dulton  Company.*      (20)      May   17. 

Manufacturing    a    Sheet-Metal    Radiator.*      Robert    Mawson.      (72)      May    17. 
Furnace  Demonstration  Shops.*      (22)      May  18. 
Micro-Petrology  of  Coal.      G.   Hickling.      (Abstract  of  paper  read  before  Manchester 

Geology  and  Min.  Soc.)       (57)      May  18. 
Wet  V.   Dry   Coal   Storage.      A.   Bement.      (57)      May  18. 

Patterns  for  Four-piece  Tapering   Elbows.*      (101)      Serial  beginning  May   18. 
Inspection  of   Bronze  and   Brass   Castings.      Ernst  Jonson.      (Abstract  of  Paper   read 

before  Cleveland  Meeting  of  Am.   Inst,  of  Metals.)       (47)      .May  18. 
The  Problem  of  Cross-Atlantic  Flying.      L.   Blin  Desbleds.      (Abstract  of  Paper  read 

before   Inst,   of  Engrs.   and   Shipbuilders   in   Scotland.)       (47)      May   IS. 
An    Apparatus    For    Indicating   the    Depth    of    Liquids    in    Tanks.*      (22)      May    IS; 

(66)      May  29. 
Describes  Experiences  in  Distributing  Mixed,  Manufactured  and  Natural  Gas.      Alex- 
ander B.  Macbeth.      (24)      May   19. 
Denver  Experience  Proves  That  Cold  Weather  is  No  Serious  Handicap  to  Successful 

Welding  of  Mains.      George  Wehrle.      (24)      May  19. 
Glass  Grinding  and  Polishing.*      James  Weir  French.      (19)      May  19. 
Calico  Printing.      Robert  Reoch.      (19)      May  19. 

Pyrometers — Past,  Present  and   Future.      Richard  P.   Brown.      (24)      May   19. 
Mechanical    Aids    in    Loading    and    Unloading    Trucks.*      John    S.    Harwhite.      (46) 

May  19. 
Motor  Tractors   and   Trailers.*      Joseph   Brinker.      (46)      May   19. 
Sulphate  of  Ammonia  For  Allotments.      J.  Mogford.      (Abstract  of  Paper  read  before 

Wales    and    Monmouthshire    District    Inst,    of    Gas    Engrs.    and    Mgrs.)       (66) 

May  22. 
The  Absorption  Test — Its  Value  and  How  To  Conduct  it.*      (76)      May  22. 
Notes  on  Waste  Heat  Tunnel  Dryer  Operation.*      Otis  L.   Helfrich.      (76)      May   22. 
The  Exeter  Gas- Works.*      (66)      May   22. 
Liquid    Purification    of    Coal    Gas.      E.    V.    Espenhahn.       (Abstract    from    Journal    of 

Soc.  of  Chemical   Industry.)       (66)      May   22. 
Toluene  Extraction.      H.   C.   Applebee.      (Paper   read  before   M-anchester   and   District 

Junior  Gas  Assoc.)       (66)      May  22. 
Forging  versus  Heat  Treatment  of  Steel.*      D.  K.  Bullens.      (20)      May  24. 
Aircraft    Engine    Design.      Louis    Coatalen.      (Abstract    of    Paper    read    before    Aero- 
nautical Soc.  of  Great  Britain.)       (47)      May  25. 
The  Commercial  Possibilities  of  Coke  Dust.*      (22)      May  25. 
Burning  Coke  Oven  Breeze.*      (57)      May  25. 

Federal   Trade   Commission   Report  on    Coal.      (15)      May   25;      (64)      June  19. 
Differential   Drum   Hoists.*      (73)      May  25. 
Waste  in   Coal   Production.      Henry  Louis.      (19)      May   26. 
Lack  of  Knowledge  of  Risks  of   Business  the   Basis  of  Unreasonable   Rate   Demands. 

John  W.  Lansley.      (24)      May  26. 
Gas   Plavs   Important  Part  in  Manufacture  of   Shoes.*      Samuel   S.   Amdursky.      (24) 

May  26. 
The  Relation  of  Port  Area   to  the  Power  of  Gas   Engines.*      J.   R.   Du   Priest.      (Ab- 
stract of  paper  read  before  Am.   Soc.  of  Mech.  Engrs.)       (64)      May  29. 
Development   of    Gas-Furnaces    For    Industrial    Work.      Thomas    W.    Fletcher.      (66) 

May  29. 
Coal    Gas    a    Substitute    For    Petrol    on    Commercial    Motors.*      W.    Clark    Jackson. 

(Paper   read    before   Wales    and    Monmouthshire    District    Inst,    of    Gas   Engrs.) 

(66)      May   29. 
Entropy  and  Some  of  Its  Uses.      F.  R.  Low.      (64)      Serial  beginning  May  29. 
Making   Curtiss    Camshafts    and    Connecting    Rods.*     Fred.    H.    Colvin.      (72)      May 

31. 
Calculating  the  Approach  of   Milling  Cutters.*     Francis   J.   G.   Reuter.      (72)      May 

V- 
Hardness  Tests  of  Brass.*      William   Kent  Shepard.      (72)      May   31. 
The   Manufacture  of  Steel  Castings.*      Robert   P.   Lament.      (20)      May   31. 
Panama   Canal    Machine   and   Erecting   Shops.*      Frank   A.    Stanley.      (72)      May   31. 

*  Illustrated. 
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lievision  of  Roller  Code.      American  Society  of  Mechanical  Engineers.      (55)      June; 

(64)      June  20. 
By-Product   Coke   and   Coking   Operations.*      C.    J.    Ramsburg   and   F.    W.    Sperr,    Jr. 

(55)      June. 
Oil   Burning.*      B.   S.   Nelson.      (55)      June. 
Grinding  and   Milling  Work.*      (25)      June. 
Leather — Treatment  and  Manufacture.      Lloyd  Balderston.      (Lecture  delivered  before 

Phil.  Section  of  Am.  Chemical  Soc.)       (2)      June. 
Selection  of  Machine  Tools.      Willard  Doud.      (25)      June. 
Power  Tests  of   Machine   Tools.*      C.    H.    Crawford.      (25)      June. 
From   Ore   to   Finished   "National"    Pipe.*      N.    C.    Nicol.      (65)      June. 
Electric  Welding  on  the  Rock  Island.*      E.  Wanamaker.      (25)      June. 
Distillation    of    Coal    in    a    Vacuum.      Ame    Pictet.      (Abstract    from    Revue    Generate 

dcs  Sciences.)       (83)      June  1. 
Effusion    Method     of     Determining    Gas    Density.*      Junius     David     Edwards.      (83) 

June  1. 
The   (^racking   of   Petroleum    in    the   Liquid    Phase.*      Roy   Cross.      (Paper   presented 

at   meeting   of   Am.    Chemical    Society.)       (105)      June   1. 
Mixing    Manufactured    and    Natural    Gas    for    City    Use.*      Alexander    B.    Macbeth. 

(Paper  read  before  Natural  Gas  Assoc.)       (83)      June  1. 
How    To    Determine    Quality    of    Steam    in    Fuel    Oil    Practice.*      Robert    Sibley    and 

Chas.  H.   Delany.      (Ill)      June   1. 
Potash    from    Cement   at   the   Riverside   Portland   Cement   Company.*      (105)      Serial 

beginning  June  1. 
Aeroplane    Engine    Design.      Charles    E.    Lucke.      (Abstract    of    Paper    read    before 

Amer.   Soc.   of   Mech.    Engrs.)       (47)      June   1  ;      (64)      June   26. 
Desirability    of    Higher    Price    for    Natural    Gas.      Leslie    B.    Denning.      (Paper    read 

before  Natural  Gas  Assoc.)       (83)      June  1. 
Features  and  Purposes  of  Steam  Traps.*      (101)      Serial  beginning  May  11. 
Explosion  of  a  Welded  Air  Receiver.*      (47)      June  1. 
Numerous   Industrial    Uses   of   Gas-Fired    Steam    Generator   Entitle   It   to   Companies' 

Serious    Consideration.*      Gilbert   C.    Shadwell.      (24)      June    2. 
Aviation  and  Aerography.*      Alexander  McAdie.      (19)      June  2. 
Indicating  Gear  for  Internal  Combustion  Engines.*      (19)      June  2. 
Corrosion   About   the   Power  Plant.*      H.    J.   Macintire.      (64)      June   5. 
Turbine   Rope   Drive   with   Reduction    Gear.*      (64)      June   5. 
Results  with  Superheated  Steam.*      B,  N.  Broido.      (64)      June  5. 
Making  Vehicle-Wheel   Boxes  Without  the  Use  of  Molding  Machines.*      Ethan  Viall. 

(72)      June  7 
A  Notable  Small-Tonnage  Foundry.*      (20)      June  7. 

Arrangements   of   Geared-Head    Lathes.*      Reginald    Trautschold.      (72)      June    7. 
The  Sine  Bar  in   Machine  Work.*      Hugo  Pusep.      (72)      June  7. 
The  Electric   Furnace  in   the   Foundry.      Eugene  B.   Clark.      (Abstract  of  paper   read 

before   Am.    Foundrymen's    Assoc.)       (22)      .Tune   8. 
Ball    Bearings.      A.    Marshall    Arter.      (Paper    read    before    Soc.    of    Engrs.)       C47) 

Serial  beginning  June  8. 
Patterns  for  Oval  to  Round  Offset  Elbow.*      (101)      June  8. 
Combustion    in   the   Fuel   Bed  of   Hand-Fired   Furnaces.*      (47)      June   8. 
Notes  on  Compression  and  Transmission  of  Air.*      Robert  S.  Lewis.      (103)      June  9. 
Oil   Engines  as  a  Relief  Against  Coal   Prices.*      A.   A.   Potter.      (27)      June  9. 
Utilizing  Coal-Mine  Waste.*      Henry  Hull.      (27)      June   9. 
Country  Drawing  Upon  Stored  Petroleum  Reserve.      V.  H.  Manning.      (From  Address 

before  Editorial  Conference  of  the  Business  Publishers'  Assoc.)       (24)      June  9. 
Extraction  of  Light  Oils  on  a  Small  Scale.*      Norton  H.  Humphrys.      (24)      June  9. 
Tests  of   Atmospheric   Ammonia   Condenser.*      G.   H.   Crawford.      (64)      June   12. 
Review   of   Condenser-Tube   Corrosion.      Charles   H.    Bromley.      (64)      June   12. 
Economizer  Explosion   Explained.*      (64)      June   12. 
Report  of  the  Joint  Committee  on   the  Life  of  Gas-Meters  of  the  Institution  of  Gas 

Engineers.      (66)      June   12. 
Hot  and   Cold   Sizes  of  Firebricks.      J.  W.   Mellor.      (Paper  read  before   Inst,   of  Gas 

Engrs.)       (66)      June  12. 
New  Requirements  in   Motor  Workmanship.*      Fred.   H.   Colvin.      (72)      June  14. 
Hammering,    Pressing   or    Rolling    Steel.*      John    L.    Cox.      (Abstract   of    Paper    read 

before  Am.   Iron   and  Steel   Inst.)       (20)      June  14. 
Proposed   Safety   Code   For  Ohio   Industries.      (20)      June  3  4. 
A  System   for  Rejuvenating  Machine  Tools.*      (20)      June  14. 
Electric    Spot- Welding    Operations    on    Automobile    Lamps.*      (72)      June    14. 
Some  Tests  on  Coke  Firing.*       (73)      June  15. 
Recovery  of  Benzol  and  Its  Homologues  From  Coal  Gas.*      J.  E.  Christopher.      (57) 

Serial   beginning  June  15. 
Wrought   Iron    Pipe   in    the   Natural    Gas   Fields.*     James   Aston.      (Paper   read   be- 
fore   Natural    Gas    Assoc.)       (83)      June    15. 
The  Steam  Calorimeter  and  Its  Use  in  Fuel  Oil  Practice.*      Robert  Sibley  and  Chas. 

H.  Delany.      (Ill)      June  15. 

*  Illustrated. 
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Coal    Concreted    From    Ashes    or    Dusts.      R.    Goulburn    Lovell.      (Abstract    of    Paper 

read  before  Soc.  of  Architects.)       (73)      June  15. 
The    Testing    of    Lubricating    Oils.*      Hugh    K.    Moore    and    G.    A.    Richter.      (105) 

June    15. 
Producer   Gas   and   Its   Industrial   Uses.      F.   W.    Steere.      (Paper   read  before   Soc.   of 

Detroit  Chemists,   Am.   Chem.   Soc.)       (105)      June   15;      (20)      June   7. 
The   .A.fter-War  Development  of  the  Gas   Industry.*      Alph.   Mailhe.      (Translated   by 

Frederick  W.   Scholz   from  Revue   Gencrale   des  Sciences.)      (83)      Serial   begin- 
ning June  15. 
Gas-Fired    Boilers.      William    B.   Woodhouse.      (,73)      June   15. 
Anthracite  Coal.      W.   H.   Booth.      (26)      Serial  beginning  June  15. 
Production    and    Consumption   of   Gasoline   in    the   United   States.      Van.   H.    Manning. 

(Address  before   Editorial   Conference  of  the   Business  Publishers  Assoc.)       (83) 

.June    15. 
Refractory    Materials.      (Report    of    Committee    before    Inst,    of    Gas    Engrs.)       (22) 

June    15 :    (57)    June   22 ;    (66)    June    12. 
Gas    Burners   For    The   Firing   of    Boilers.*      (73)      June    15. 
Grates    For    Coke    Firing.*      (73)      June    15. 
Baltimore   Company's  Appliance   Testing  Laboratory   Protects   Interests  of   Consumer 

and,  at  the  Same  Time,  is  of  Benefit  to  the  Manufacturer.*      H.  M.  Riley.      (24) 

June    16. 
The    Foundry    Today.      Benj.    D.    Fuller.       (Paper    presented    before    Cleveland    Eng. 

Soc.)       (19)      June  16. 
New  Woods   for   Paper   Pulp.*      Otto   Kress.      (46)      June   16. 
Benzol    Recovery    and    Refining    Plant    for    Small    Gas-Works.*      D.    Bagley.      (66) 

June   19. 
Prolonging    Belt    Life.*      Otis   L.    Helfrich.      (76)      June    19. 
The    Law    of    Partial    Pressures.      H.    J.    Macintire.      (64)      June    19. 
Future    Lines    of   Advance    in    Coking    Practice.      George    E.    Foxwell.      (Abstract    of 

Paper    read    before    Yorkshire    Section    of    Soc.    of    Chemical    Industry.)       (66) 

June   19. 
Peat,  Wood  and  Lignite  in  Gas  Making.      (Abstracts  of  Papers  read  before  Congress 

of    the    Societe    Technique    du    Gas.)       (66)      June    19. 
Treatment  of  Hydrocarbon  Fuels.      H.  G.  Chatain.      (Abstract  of  Paper  presented  at 

Soc.  of  Automotive  Engrs.)       (64)      June   19. 
New    Gas-Works    For    Barrow-in-Furness.*      (66)      June    19. 
Elland   and    Its   Gas-Works.*      (66)      June    19. 

Endurance-EfHciency    Pump   Tests.*      L.   A.    Quayle.      (64)      June  19. 
Combination     Absorption     and     Compression     Refrigeration     Systems.*      B.     Thoens. 

(64)      June  19. 
Determining   Pipe-Main   Sizes.*      Alfred   Iddles.      (64)      June  19. 
How   Automobile   Starters   are   Made.*      (72)      June   21. 
The    Spontaneous    Firing  of   Coal.      J.    S.   Haldane.      (Abstract   of    paper   read   before 

Inst,  of  Min.  Engrs.)       (22)      June  22  ;      (57)      June  22. 
Fuel    Economy.      J.    A.    Robertson.      (Abstract    of    Paper    read    before    Convention    of 

Incorporated    Municipal    Elec.    Assoc.)       (73)    June    22;    (57)    June   29. 
Precautions    in    Fuel-Oil    Storage.      P.    A.    Colwell.      (Abstract   of   Paper    read    before 

Providence  Eng.    Soc.)       (64)      June   26. 
Experiences    in    the    Distribution    of    Mixed    Gases    at   Los    Angeles,    Cal.      Norton    H. 

Humphrys.      (66)      June  26. 
A  Discussion  on  Fuel  Economy.      (Discussion  of  J.  A.  Robertson's  Paper  read  before 

Incorporated  Municipal   Elec.   Assoc.)       (66)      June  26. 
Continuous   Removal   of   Soot.*       f64)      June   26. 
Dexter  Gate  Valve  Reseating  Machine.*      (64)      June  26. 
The   Selection    of   a    Lubricating    Oil.*      H.    J.    Macintire.      (64)      June   26. 
Welds — The  Weakness  and  Merits  of  Their  Structure.*      P.  A.  E.  Armstrong.      (64) 

June    26. 
Defects   in    Finished   Rolled   Steel.*      George  W.    Dress.      (20)      June   28. 
Equivalent  Cost  of  Coal  and  Oil   as  Fuel.*      R.  L.  Wales.      (16)'    June  30. 
An  Analysis  of  the  Tidewater  Pooling  Plan.      (45)      June  30. 
Instructions  Pratique  pour  la  Determination  du  Pouvoir  Calorifique  du  Gaz.*      Ville 

de    Paris.    Services    Generaux    d'Eclairage.      (43)      Mar. 
La  Culture  Mecanique  en  France.*      Ch.  Dantin.      (33)      April   14. 
Les   Electro-Aimants   de  Levage.*      .1.   Vichniak.      (33)      April   21. 
Les    Installations   pour   le   Transbordement   et    I'Emmagasinage   du   Charbon    aux    Ex- 

tremites  du  Canal  de  Panama.     A,  Dumas.      (33)      June  9. 
Nouvelles  Fonderies  Americaines,   Fonderies  de  Kenosha    (Wisconsin)    et  de  Cranston 

(New    England).*       (33)      June   30. 
Dampferzeugung  durch  Elektrizitat  mit  Warme-Aufspeicherung.*     E.  Hohn.      (107) 

Apr.  28. 
Bericht    iiber    neue    Geschwindigkeits-Regulatoren,    Modell    1916,    von    Escher    Wyss 

&   Cie.,    Zurich.*     Franz    Pr^sil.      (107)      Serial   beginning  June   9. 

*  Illustrated. 
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Metallurgical. 

Potash   as    One   Blast   Furnace   By-Product.      R.    J.    Wysor.      (116)      April. 
Silica   as   a   Component  of   Furnace   Slags.*      Wallace   G.    Imhoff.      (116)      April. 
Roll    Scale   as    a   Factor    In    Bessemerizing.     A.    Patton    and   F.    N.    Speller.      (116) 

April. 
Refractory    Linings    and     Materials.     J.    W.     Haulman.      (116)      Serial     beginning 

April. 
Coal-Gas    as    a    Fuel    for    Melting    Non-Ferrous    Alloys.*     George    Bernard    Brook. 

(Abstract   of  paper  read  before   the  Inst,   of  Metals.)      (47)      Apr.   20. 
An    Electric    Resistance    Furnace    for    Melting    in    Crucibles.*      H.    C.    Greenwood   and 

R.   S.   Hutton.      (Paper   presented   before   the   Inst,    of  Metals.)       (47)      Apr.    20. 
The    Use    and    Abuse    of    Steel.*      R.    K.     Bagnall-Wild     and    E.    W.     Birch.      (12) 

Serial   beginning  April   27;    (47)      Serial   beginning   May   25. 
The  German   Steel    Syndicate  and   the   British   Steel    Industry.      W.   J.   Ashley.      (Ab- 
stract of  Paper  read  before  Staffordshire  Iron  and  Steel  Inst.)       (22)      April  27. 
Ferromanganese  in  the  Iron  and  Steel   Industry.*      Robert  J.  Anderson.      (3)      May. 
Requirements   in    the   Treating   of   Materials.      F.   F.    Beall.      (62)      May. 
Characteristics  of  Electric   Furnace   Slags.      Wallace  G.   Imhoff.      (116)      May. 
The    Penetration    of    the    Hardening    Effect    in    Chromium    and    Copper    Steels.      L. 

Grenet.      (Abstract  of   Paper   read   before  Iron   and   Steel    Inst.)       (22)      May   4. 
The    Influence    of    Surface    Tension    Upon    the    Properties    of    Metals,    Especially    of 

Iron    and    Steel.      F.    C.    Thompson.      (Abstract   of   Paper    read    before    Iron    and 

Steel  Inst.)       (22)      May  4. 
Percentage   of   Oil    in   Flotation.      Herbert   A.    Megraw.      (16)      May   5. 
Counter-Current   Decantation    System.*      Algernon    Del    Mar.      (16)      May   5. 
Machinery    and    Steel    Plant    Labor.      Charles    Reitell.      (20)      May    10. 
Modern   Concentration   of  Colorado  Tungsten   Ores.*      S.  Fischer,   Jr.      (105)      Serial 

beginning  May  15. 
The    Electrolytic    Pickling    of    Steel.      M.    De    Kay    Thompson    and    O.    L.    Mahlman. 

(20)      May  17. 
History  and  Legal  Phases  of  the  Smeltlng-Smoke  Problem.      Ligon  Johnson.      (Paper 

presented   before    Am.    Inst,   of   Min.    Engrs.)       (16)    .Serial   beginning   May    19. 
The  Cascade  Flotation   Machine.*      Clifford   R.   Wilfley.      (16)      May  19. 
Alloys   of   the    Non-Ferrous    Metals.      W.    M.   Corse   and    G.    F.    Comstock.      (Abstract 

of  Paper  read  before  Steel  Treating  Research  Club  of  Detroit.)       (47)      May  25. 
Electric  Iron  Smelting.      J.  O.   Boving.      (22)      May  25. 

Petrography   as   an   Aid   to   Flotation.*      Donald   G.    Campbell.      (16)      May   26. 
Leaching   of   Low-Grade    Copper   Ores.*      Joseph    Irving.      (16)      May    26. 
Steel   and   Steel   Alloys.      G.  N.   Pingrift.      (19)      May   26. 
The   Media   Mill,    Webb   City,    Mo.*      H.   B.    Pulsifer.      (Abstract   from   Bulletin.    Am. 

Inst,  of  Min.   Engrs.)       (16)      May  26. 
Sintering    Flue    Dust    at    Mingo    Junction.*      H.    V.    Schiefer.      (20)      May    31. 
Notes  Upon  the  Hydrometallurgical   and   Electrolytic  Treatment  of  Zinc  Ore.      E.   E. 

Watts.      (Paper  read   before   Am.   Chemical   Soc.)       (105)      June   1. 
Chemical     Reactions    of     Iron     Smelting.      Walter    Mathesius.      (Paper    read    before 

Am.    Iron    and   Steel    Institute.)       (105)      June   1;      (20)      June    21. 
Alloys  of   Chromium,   Copper,    and   Nickel.      (47)      June   1. 
Cyaniding    at    Comacaran    Mines,     Central    America.*      William    M.    D'Arcy.      (16) 

June  2. 
New  Tramway  at  the  Tacoma  Smeltery.*      W.   C.   Kuhn.      (16)      June  2. 
Metallurgy   of    Ferromanganese.      Robert    J.    Anderson.      (Abstract    from    Iron    Trade 

Review.)       (16)      June  2. 
Non-Reversing    Regenerative    Furnace    For   Copper    Smelting.*     Walter    G.    Perkins. 

(103)      June    2. 
Mayari    and    Nickel    Steels    Compared.      S.    W.    Parker.      (20)      June    7. 
Electric    Resistance    Furnace.*      (Abstract    of    Paper    read    before    Inst,    of    Metals.) 

(20)      June   7. 
Electric    Process    For    Small     Steel    Castings.      R.     F.     Flintermann.      (Abstract    of 

Paper    read    before    Am.    Electrochemical    Soc.)       (47)      June    8  ;      (22)      June 

8;      (20)      May    10. 
Ferro-Manganese  in  the  Iron  and  Steel  Industry.      Robert  J.  Anderson.      (Abstract  of 

Communication   to  the  Journal  of  the   Franklin   Inst.)       (47)      June  8. 
Progress    of   the    Electric    Steel    Industry.      John    A.    Mathews.      (Abstract   of    Paper 

read    before   the    Am.    Electro-Chemical    Society.)       (47)      June    8  ;      (20)      May 

10:      (22)      June   8;      (26)      June   22. 
Pneumatic   Concentrator   and    Amalgamator.*      Frank   A.    Stanley.      (16)      June   9. 
Theory   of   Ore  Flotation.*      H.    P.    Corliss    and   C.    L.    Perkins.      (103)      June   9. 
Impurities    in   Electrolytic   Copper   Refining.*      Lawrence   Addicks.      (105)      June   15. 
Notes    on    Electric    Steel    Melting.     J.    L.    Dixon.      (Abstract    of    paper    read    before 

Am.    Electrochemical    Soc.)       (22)      June    15, 
The    Bethlehem    10-Ton    Girod    Steel    Furnace.      C.    A.    Buck.      (Abstract    of    Paper 

read  before  Am.  Electrochemical  Soc.)       (22)      June  15. 

♦  Illustrated. 
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Metallurgical— ( Continued ). 

The    Uonnerfolt    Klcctric    Furnace.      C.    H.    Vom    Baur.      (Abstract    of    Paper    read 

before    Am.    Electrochemical    See.)       (22)      June    15;      (20)      May     17;      (26) 

June  29. 
Laws  of  Distribution  of  Lead   in   Southeast  Missouri   Ores.     Sergio  Bagnara.      (16) 

June  It). 
Volumetric   Chromate   Determination   of   Lead.     John   Waddell.      (103)      June    16. 
American    Smelting    and    Reflning    Company's    Tests    With    Sulphur    and    Sulphuric 

Acid   on    Soils.*      P.    J.   O'Gara.      (103)      June   16. 
Carbon   Monoxide  Dan'gers   at   Iron   Works.      (20)      June  21. 
Crude-Oil    Melting    Furnace.*      (Abstract    of    Paper    read    before    Inst,    of    Metals.) 

(20)      June  21. 
Open-Hearth    Furnace   of    Large    Capacity.*      (20)      June    21. 
The   Metallurgy   of   Ferrosilicon.*      Robert  J.   Anderson.      (Abstract   from  Iron   Trade 

Hcvicw.)       (16)      June  23. 
The     Heat     Treatment     of     Large     Forgings.*      William     Beardmore.      (Abstract     of 

Paper  read  before  Inst,  of  Mech.  Engrs.)       (20)      June  28. 
The   Empirical    Formula    in    Milling   Control.      A.    J.    Sale.      (103)      June    30. 
An   Ore-Testing   Laboratory.      Carl   J.   Trauerman.      (16)      June   30. 

Military. 

Papers    on    Munitions,    with    Bibliography,    read    before    the    Spring    Meeting    of    the 

American  Society  of  Mechanical   Engineers.      (55)      May;      (20)      Serial   begin- 
ning  May   10. 
Road  Work  in   Mexico  With  the  Punitive  Expedition.*      James  A.   O'Connor.      (1(X)) 

May- June. 
Triton  Electroplating  Plant  at  Washington  Barracks,  D.  C.      R.  W.  Crawford.      (100) 

May -June. 
Relation    of    the    Gas    Industry    to    Military    Needs.      J.    H.    Burns.      (Pajier    read    at 

Annual   Convention   of   the  Pennsylvania  Gas   Assoc.)       (83)      May   1. 
Silent    Warfare.*      Nicholas    Flamel.      (19)      May    12. 
A     Mining     Engineer's     Experience     in     the     Artillery.*      T.     A.     Rickard.      (103) 

May    12. 
The   Gage    Problem   in    Rifle   Manufacture.      John   Q.    Tilson.      (20)      May    17. 
The    Blind    Sufferers    From    the    War,    and    Their    Future    Employment.      C.    Arthur 

Pearson.      (29)      May  18. 
Motor  Traction  in  Modern  War.*      Victor  W.   Page.      (46)      May  19. 
United  States  Munitions:   3  to  6-in.  Cartridge  Cases.*      (72)      May  24. 
Military   Engineering.*      Albert  K.   Dawson.      (46)      May  26. 
The   Equipment   of   an   Army.      (19)      May   26. 
United   States   Munitions:   The  Springfield   Model   1903   Service   Rifle.*      (72)      Serial 

beginning  May  31. 
Preparedness.      A.    M.    Lockett.      (55)      June. 
Electrical    Communication    in    the    Field.*      (26)      June    1. 
The    Mathematics    of    Warfare.*      J.    Malcolm    Bird.      (19)      June    2. 
The    Modern    Automobile    Torpedo.*      Edward    F.    Chandler.      (46)      June    2. 
The    More    Recent    Applications    of    Electricity    in    the    Present    War,    Especially    in 

the    Treatment    of    Diseases    and    Wounds    Arising    Therefrom.*      W.    Leeming. 

(26)      June  15. 
Naval    and   Military    Searchlights.*      Charles    Osmond   Knowlton.      (72)      June    21. 
Transportation   of  Military  Traflic*      (15)      June  22. 
Sixteen    Cities    For   the    New    National    Army.      (20)      June   28. 
La    Fabrication    des    Principales    Maticres    Explosives    et    I'Utilisation    des    Produits 

Residuaires.      J.    Meunier.      (33)      Serial    beginning    Apr.    28. 
Nouvelles    Usine   Vickers    pour    la    Fabrication    des    Mitrailleuses.*      (33)      June    16. 
Batteries   Americaines   de   Gros   Calibre    Mobile   sur   Voies    Ferres.*      (33)      June   16. 
Ein   artilleristiches    Problem.      F.    Butzberger.      (107)      May    5. 

Mining. 

Further   Notes  on    Safety-Lamps.*      Simon   Tate.      (106)      Mar. 

The  "Chalmers-Black"  Non-Accumulative  Visual  Indiicator  for  Shaft-Signalling.* 
John    B.   Thomson.      (106)      Mar. 

The  Cementation  Process  as  Applied  to  Mining  (Frangois  System).  Thomas  Bland- 
ford.      (106)      Mar. 

Principles  of  Coal  Washing.  Henry  Louis.  (Paper  read  before  Northern  Section 
of  the  Coke  Oven   Managers'  Assoc.)       (57)      Apr.   5. 

Surface   Subsidence    Due    to    Mining   Operations.*      (11)      Apr.    13. 

Installation  and  Maintenance  of  Underground  Plant.*  W.  Matthew  Baird,  Jr. 
(Paper  read   before  Assoc,   of  Mining   Engrs.)       (22)      Apr.    13. 

Some  Practical  Notes  on  the  Economical  Use  of  Timber  in  Coal  Mines.*  F.  C. 
Lee.  (From  paper  read  before  the  North  of  England  Inst,  of  Minmg  and 
Mech.    Engrs.)       (57)      Apr.    20. 

Sources  of  Oil  Supply.  John  Thompson.  (Read  before  National  Assoc,  of  Col- 
liery  Managers.)       (22)      Apr.   27. 

•  Illustrated. 


Auofust.  1017.]        CURRENT  ENGINEERING  LITERATURE  509 

Mining— (Continued). 

Philippine  Coals   and   Their   Use.      F.   R.   Ycasiano.      (57)      April   27. 

Mine  Gas.      W.  W.  Chernitzyn.      (Abstract.)       (57)      Serial  beginning  April  27. 

Some    Practical    Notes    on    the    Economical    Use    of   Timber    in    Coal    Mines  •      F     C 

Lee.      (106)      May. 
Electric   Supply   to    Collieries.*      G.    S.   Corlett.      (Paper   read    before   the   Manchester 

Geological   and   Min.   See.)       (106)      May;    (47)      April   27. 
Observations   on    the   Order   of   Working   the   Coal    Seams    in    the   North   of   England. 

Wm.   D.   Harbit.      (22)      Serial   beginning   May   4. 
Pumping    Potash    from    Nebraska    Lakes.*      R.    P.    Crawford.      (16)      May    5. 
Concentrating    Canadian    Molybdenite.      H.    H.    Claudet.      (Paper    read    before    Cana- 
dian  Mining   Inst.)       (16)      May   5. 
Operation   of  the  Yukon   Placer   Act.*      C.   A.   Thomas.      (16)      May   5. 
Recent    Developments    of    the    Whiting    Hoist    in    Deep    Winding.*      B.    Gray    and    J. 

Whitehouse.      (Abstract  from  Journal  of  South  African   Inst,   of  Engrs.)       (57) 

May    11. 
Mine  Water  as  Boiler  Feed.      Edwin  M.  Chance.      (Abstract  from  Coal  Age.)       (57) 

May  11. 
Anaconda   Copper   Mining  Co.      (16)      May   12. 
Mining    Methods    in    Great    Britain.*      (Abstract    from    Mine    and    Quarry.)       (45) 

-May    12. 
Coal   Mining  in  the  Transvaal.      C.   C.   Smith.      (45)      May   12. 
Righting  a   Wrecked  Gold   Dredge.*      Lewis  H.   Eddy.      (16)      May   12. 
The  Kirkland  Lake  Gold  District.*      J.   C.   Bateman.      (103)      May   15. 
Accident    Prevention    in    Quarrying.      (86)      May    16. 
Electric  Winding  at  Victoria  Colliery,   Ebbw  Vale.*      (26)      May  18. 
The  Future  of  the  Iron   and  Coal   Industries  in  Normandy.*      (22)      May  18. 
Nevada  Consolidated  Copper  Co.*      (16)      May  19. 
Picturesque   Side   of   Jerome.*      A.   J.   Hoskin.      (16)      May   19. 
Working  Dirty  Beds  of  Coal.*      Rowland  Gascoyne.      (45)      May  19. 
The    Anthracite    Situation.      William    Griffith.      (45)      May    19. 

Amortization    and    Depreciation:      A   Discussion.      W.   P.    Sleeman.      (103)      May    19. 
Henry  C.  Perkins,  and  the  Cost  of  Mining:    An  Interview.*      T.  A.  Richard.      (103) 

May  19. 
Molybdenum  in  the  Hualpai  Mountains.*      L.  Webster  Wickes.      (103)      May  19. 
Use    of    Explosives    in    Quarrying    Shale.      C.    B.    Willis.      (Paper    read   before    Inst. 

of   Paving.)       (76)      May    22. 
New    Method    for    Mining    Bituminous    Coal    in    Connellsvllle,    U.    S.    A.*      Patrick 

Mullen.      (22)      May   25. 
Deep    Creek,    Clifton    Mining    District,    Utah.*      A.    E.    Custer.      (16)      May    26. 
Drill-Sharpening.*      (103)      May    26. 

Spontaneous    Combustion    in    Coal    Mines.      Rowland    Gascoyne.      (45)      May    26. 
The  Romance  of  Refrigeration  and   Its  Application  to  Mining.*      Andrew  D.   Brydon. 

(Abstract  of  Paper  read  before  Nat.  Assoc,  of  Colliery   Mgrs.)       (45)      May  26. 
Tipple  at  Powhatan   in   Pocahontas  Field.*      Henry  J.   Edeall.      (45)      May  26. 
Rotary   Dump    Installed    Underground.*      E.    L.    Berger.      (45)      May    26. 
Magnetic   Segregation   and   Ore  Genesis.      Joseph  T.  Singewald,   Jr.      (103)      May   26. 
Sampling    an    Erratic    Orebody.      L.    A.    Parsons.      (103)      May    26. 
Nickel    in    Ontario.      (29)      Serial    beginning   June    1. 
Colliery   Managers'    Examination    Papers.*      (22)      June   1. 

Quarrying    Limestone    Underground.*      Raymond    B.    Ladoo.      (16)      June    2. 
Concreting  a   Creek   Channel.*      C.   W.   Wardle.      (16)      June   2. 
Anthracite    Coal    Strippings    Near    Scranton    and    Wilkes-Barre.    Penn.*      Thomas    F. 

Kennedy.      (45)      June   2. 
Some  Theories  on  .Mine  Subsidence.      J.  F.  Kellock  Brown.      (45)      June  2. 
The     Extralateral     Right:     Shall     It     Be     Abolished?      William     E.     Colby.      (103) 

June   2. 
The      Pazna      Tin-Mining      District,      Bolivia.*      Francis      Church      Lincoln.      (103) 

June  2. 
Mining  Problems  on  the  Rand.*      H.  Foster  Bain.      (103)      Serial  beginning  May  26. 
Grade    Revision   For    Underground    Haulage.      R.    D.    Brown.      (57)      June    8. 
The   Belmont   Camp,    Nevada.*      Wilson   W.   Hughes.      (16)      June   9. 
The    Mining    Industry   of   Peru.     F.    C.    Fuchs.      (16)      June    9. 
Occurrence    and    Utilization    of    Antimony    Ores.      (Abstract    from    Bulletiyi    of    the 

Imperial    Inst.)       (16)      June    9. 
Siberian    Mine-Timbering    Methods.*      Henry    M.    Payne.      (16)    June    9. 
Double-Range    System    of    Speed    Control    For    Adjustable-Speed    Induction    Motors.* 

F.   B.  Crosby.      (45)      June  9. 
Drilling  and   Shooting  Coal.      F.   C.   Pick.      (45)    June  9. 

Revival   of   Mining  at   Marysville,   Montana.*      L.    S.    Ropes.      (103)      June   9. 
Perseverance   Mine   Powder-Thawer.*      D.   J.   Argall.      (103)      June   9. 
Ihe   Higher   Training    of    Managers.      G.    L.    Kerr.      (Abstract   of   Paper   read   before 

Mining    Inst,    of    Scotland).      (22)      June    15;      (57)      June    15. 

•  Illustrated. 
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Mining:-  (Continued). 

Methods    of    Mining    in    the    Pennsylvania    Anthracite   Field.     Hugh    M.    Crankshaw. 

(Abstract    of    Paper    presented     to    Manchester    Geological     and     Mining    Soc.) 

(22)      .June   15  ;    (57)      June   15. 
Cannop    Colliery    and    Its    Water    Difficulties.      Jno.    J.    Joynes.      (Paper   read    before 

the    Forest   of   Dean    Branch   of   the   Nat.    Assoc,    of   Colliery    Managers.)       (22) 

June   15. 
Acetylene    Mine   Lamps.*      William    Maurice.      (Abstract    of   paper    read    before    Inst. 

of   Min.    Engrs.)       (22)      June    22;      (57)      Serial    beginning   June    15. 
The    Clarification    of    Mill    Water.      G.    Nicolai.       (Abstract    from    Metal    und    Erz.) 

(16)      June   16. 
Disregard    of    Danger    the    Cause    of    Mountain    King    Fatalities.     Lewis    H.    Eddy. 

(16)      June    16. 
'■Caliche"    Deposits   of   Atacama    Desert,    Chile.*      Fred    MacCoy.      (16)      June    16. 
How    Best    to    Eliminate    the     Bigger     Mine    Accidents.*      Frank    Haas,      (Abstract 

of   Paper   read   before   West   Virginia    Coal    Mining   Inst.)       (45)      June   16. 
Anaconda's   Finances.*      W.    R.    Ingalls.      (16)      June   16. 

Mining:    The    Great    Adventure.      T.    A.    Richard.      (Address    delivered    before    Col- 
orado   School    of    Mines.)       (103)      June   16. 
The  Miami  Appeal  :   Majority  Opinion  of  the  U.   S.   Circuit  Court  of  Appeals.   Phila- 
delphia.     (103)      Serial  beginning  June  16;      (16l      Serial   beginning   June   23. 
Lump-Coal  Storage  and   Reclaiming  Plant*      H.   M.  McFarland.      (45)      June  2?,. 
California  Dredge  With  Four  Tailings  Conveyors.*      Lewis  H.  Eddy.      (16)      June  23. 
Manitoba   as  a   Mining  Province.*      J.   A.   Campbell.      (16)      June   23. 
The    Black   Oak   Mine.*      W.    H.    Storms.      (103)      June   23. 
Automatic     Skips     in     Shaft     With     Rope-Guides.*     H.     Vincent     Wallace.      (103) 

June    23. 
Utilizing     Coal     Mine    Waste    in     the     Pacific     North,    West.     Henry    Hull.      (57) 

June  27. 
Dangers   Accompanying   Use   of   Carbide.*      J.    R.    Allardyce.      (45)      June    30. 
Saline    Vallev    Tramway.*      F.    C.    Carstarphen.      (Abstract    from    Proceedings,    Am. 

Soc.  C.  E.)       (103)      June  30. 
Underground   Churn    Drilling.*      Guy   W.    Bjorge.      (45)      June   30. 
Mining    in    Southern    Peru.*      Francis    Church    Lincoln.      (16)      June    30. 
Antimony   Deposits  of  Arkansas.*      Ellsworth  H.   Shriver.      (103)      June   30. 
The  Amorphous   Silica  of   Southern   Illinois.*      E.    A.   Holbrook.      (16)      June   30. 

Miscellaneous. 

The   Law   and   The   Engineer.      George  H.   Montgomery.      (5)      Jan. -June,    1916. 
How    Can    the    Engineer     Improve    His     Public     Standing?     F.     W.     Hanna.      (96) 

Mar.    22. 
Graphical    Calculus.      Charles    A.    Ellis.      (4)      April. 
Education   in   Engineering.      D.   S.   Jacobus.      (Paper   read   before  Am.   Soc.   of   Mech. 

Engrs.)       (8)      April. 
The  Decimal  System  of  Coinage,  Weights  and  Measures.      Harry  Allcock.      (Abstract 

of  a  lecture  before  Inst,  of  Civ.  Engrs.)       (104)      Serial  beginning  April  20. 
The    Organisation    of    Engineering.      Michael    Longridge.      (Abstract    of    paper    read 

before    Inst,    of   Mech.    Engrs.)       (22)      April    27;      (26)      May    4;      (73)      May 

11. 
How   to   Determine   Efficiency.      George  H.    Shepard.      (9)      May. 

Cause   and   Prevention   of   Industrial    Casuality.*      H.    Weaver   Mowery.      (9)      May. 
Constructive  Public  Policy  for  Utility  Growth.      John  A.   Britton.      (Ill)      May  1. 
Assistance  in   Developing  Foreign   Fields.*      E.   E.   Pratt.      (Ill)      May   1. 
Education  and  Training  of  Engineering  Apprentices.     H.  A.  Bennie  Gray.      (Abstract 

of   paper   read   before   Soc.   of   British   Gas   Industries.)       (66)      May   1. 
Sand    Devastation.*      Percy    Collins.      (  19)      May    5. 
Initiation    of    Explosions.      Walter    Arthur.      (Paper    delivered    before    Am.    Chemical 

Soc.)       (19)      May  5. 
Works  Organization  and  Efficiency:  Discussion.     W.  Ripper.      (29)      May  11;      (47) 

May  18. 
The   Physiological   Role  of  Calcium   in  Plants.     Theresa  Robert.      (Abstract).      (19) 

May   12. 
Chemical      Control      in      the      Leather     Industry.     David     Quick    Hammond.      (19) 

May  12. 
Precision    in    Chemical   Weighing.     William   Norman    Rae   and   Joseph    Reilly.      (19) 

Serial  beginning  May  5. 
Gravel    Deposits:     Their    Origin     and    Ekionomic    Development.*      Wm.    Artingstall. 

(86)      May  16. 
The   Human   Factor   in    Industry.*      Luther  D.   Burlingame.      (72)      Serial   begmning 

May  17. 
Measurement    of    Reflection    Factor.*      M.    Luckiesh.      (27)      May    19. 
The   Complexity   of   the    Chemical    Elements.      (11)      May    25. 
The  Recent  Industrial  and  Economic  Development  of  Indian  Forest  Products.     R.  S. 

Pearson.      (29)      Serial   beginning  May   25. 
System  in  a  City  Engineer's  Office.     Manley  Osgood.      (60)      June. 

•  Illustrated. 
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Miscellaneous  —  *  Continued  j. 

Tlif  lirowiiiaii  Movement  of  Electrified  Particles  in  Gases.  A.  Schldlof.  (19) 
Serial   beginning  May  26. 

The  Application   of  the   Modern   Theory  of  Wages.      Felix  Bayle.      (22)      June   1. 

The  Fundamental  Principles  of  Good  Lighting.  P.  G.  Nutting.  (Abstract  from 
Journal    of    the    Franklin    Inst.)       (66)      June    5. 

Engineers  Must  Cooperate  for  Recognition  and  Service.  (Address  at  Annual  Con- 
vention   of    Am.    Assoc,    of    Engrs.)      Gardner    S.    Williams.      (13)      June    7. 

Shall  Great  Britain  and  America  Adopt  the  Metric  System?  W.  R.  Ingalls.  (Ab- 
stract of  paper  read  before  Inst,  of  Min.  and  Metallurgy.)       (73)      June  8. 

Chemicals  for  Laboratory  Use.  William  Riutoul.  (Paper  read  before  Glasgow 
Section   of   Society   of   Chemical    Industry.)       (19)      June   16. 

Detecting  the  Pretense  of  Deafness.*  Robert  Foy.  (Abstract  of  paper  in  La  Nature.) 
(19)      June   16. 

The  Engineer  In  Politics.  Robert  G.  Dieck.  (Abstract  of  Paper  in  Journal  of 
Oregon   Soc.  of  Engrs.)       (86)      June  20. 

Time  Studies  for  Delay  Allowances  in  Rate  Setting.*  Dwight  V.  Merrick.  (72) 
June   21. 

Wages   for  Ability,   Output   and   Service.*      W.   E.   Freeland.      (20)      June  28. 

The  Human  Potential  in  Industry.  Otto  P.  Geier.  (55)  July;  (20)  Serial  be- 
ginning May  31. 

Organisation  Scientiflque  de  I'Usinage.*  P.  Denis.  (33)  Serial  beginning 
April    14. 

La   Reeducation   des   Avengles.*      Lucien   Fournier.      (33)      May   5. 

Municipal. 

Municipal  Work  in  Rangoon  From  1907  to  1916.*     Launcelot  Paul  Marshall.      (114) 

May. 
Small-Town    Electric    Service    Problems.*      (27)      May    5. 
Municipal    Engineering    in    America.      A.    F.    Macallum.      (Abstract    of    paper    read 

before  Ottawa   Branch  of  Canadian   Soc.  of  C.   E.)       (104)      June   15. 
Presidential  Address  before  Inst,  of  Municipal  and  County  Engrs.      Philip  H.  Palmer. 
(104)      June    29. 

Railroads. 

Notes  on   the  Working  of  a  Rack  Railway.      William   Theodore  Lucy.      (63)      1915- 

1916,  Pt.   II. 
Design  of  Passenger  Terminals.*      J.   L.   Busfleld.      (5)      Jan. -June,   1916. 
Grade   Separation — Two   Distinct   Methods.*      Samuel   T.   Wagner.      (Delivered   before 

Engineers'  Soc.  of  Penn.)       (98)      Nov.-Dec,   1916. 
The   Federal    Valuation    of   Railways.      Towson    Price.      (8)      April. 
Doctors   of   Transportation.      Geo.   A.    Post.      (36)      April. 
American    Coaling    Stations    for    Locomotives.*      George    Frederick    Zimmer.      (11) 

April   13. 
The   Watford    New   Electric   Train    Service.*      (12)      April    13. 
Railway   Water   Supply.*      C.    R.    Knowles.      (65)      May. 
The   Locomotive    Firebox    and    Combustion    Chamber.      J.    T.    Anthony.      (Abstract    of 

paper    read    before    the    Southern     and     South-western     Railway     Club.)       (47) 

Apr.  20. 
Tunnels.*      (21)      Serial   beginning   May. 
The   Chambers    Regulator.*      (21)      May. 
Enlarging  a   Busy  Tunnel   under  TrafHc*      (87)      May. 
Reclaiming  Battered  and   Worn   Rails.*      John   Reinehr.      (87)      May. 
Special    Track   Work    in    Paved    Streets.*      H.    F.    Heyl.      (87)      May. 
Boiler   Patches   for   Locomotives.*      M.    J.    Cairns.      (25)      May. 
McClellon   Water-Tube   Firebox.*      (25)      May. 
Straightening   Surface   Bent    Rails.*      J.    Rodman.      (87)      May. 
New   Power   for   the   Lehigh  Valley.*      (25)      May. 
Air   Brake   Lever   Computations.*      Lewis   K.    Sillcox.      (25)      May. 
Steel    as    a    Material    for    Locomotive    Fireboxes.      R.    P.    C.    Sanderson.      (Abstract 

of  paper  read  before  Inst,  of  Locomotive  Engrs.)       (21)      Serial  beginning  May. 
Box   Car   Side   Door.*      (25)      May. 

Turbine  for  Locomotive  Drive.*      Victor  W.  Zilen.      (64)      May  1. 
Pennsylvania  Changes  at   Baltimore  under   Discussion   Again.*      (13)      May   3. 
Construction   of  a  Comprehensive  Low-Grade   Line.*      (IS)      May   4. 
The   Resawing  of  Lumber.*      D.   C.   Curtis.      (15)      May   4. 
Rules    for   the    Mobilization    of   Freight    Cars.      (IS)      May    4. 

Canadian   Commission   Against   Public   Ownership.      J.   L.    Payne.      (15)      May   4. 
Canadian    Commission    Minority    Report.      (15)      May   4. 
Origin    and    Development    of    the    Railway    Rail    in    England    and    America.*      G.    P. 

Raidabaugh.      (Abstract    of    paper    presented    to    Iron    and    Steel    lust.)       (22) 

May    4. 
Pennsylvania   Locomotive  Brick   Arch   Tests.*      (15)      May   4. 

•  Illustrated. 
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Railroads  — ( Continued) . 

Sliu'k   Aiiion    in    Ixiiig  Passenger  Trains;    Its   Relation   to  Triple  Valves  of  Different 

Types    ami    Consequent    Results    in    the   Handling   of   Trains.      J.    A.    Burke   and 

William    Hotzfield.      (Abstract   of   paper    read    before   Air    Brake   Assoc.)       (18) 

Serial    beginning   May   5. 
Handling  Heavy   Passenger   Trains   on   Grades   with   Air   Brakes    Exclusively.     J.   E. 

Fitzgerald.      (Abstract  of  paper   read   before   Air   Brake   Assoc.)       (18)     May   5. 
Safe    Life    of    Air    Brake    Hose.      M.    E.    Hamilton.      (Paper    read    before    Air    Brake 

Assoc.)       (18)      May    5. 
Determination    of    Actual    Sectional      Errors      in     Railroad    Track    Scales.*      (18) 

May    5. 
A    120-Tons    Capacity    Gondola   Car   for   the   Virginian    Railway.*      (18)      May    5. 
Railway    Enquiry    Commission's    Report    (Canada).      Sir    Henry    L.    Drayton,    W.    M. 

Aiworth    and    Alfred    Smith.      (96)      Serial    beginning    May    10;     (18)     Serial 

beginning   May   5. 
The  Government  White  Elephant  at  Quebec*      C.  V.  Johnson.      (96)      May  10. 
When  to  Ship  Freight  by  Motor  Truck  and  When  by  Rail?     C.  C.  Williams.      (13) 

May    10. 
Canadian   Northern  Electrification   at  Montreal.*      W.  C.  Lancaster.      (15)      May  11. 
Functional    Interrelation   between    the   Component   Parts   of   the   Air   Brake   System.* 

W.     E.     Dean.      (Paper     read     before     Air     Brake    Assoc.     Convention.)       (15) 

May  11  ;      (18)      June  2. 
Pennsylvania   Track    Elevation    at   Johnstown.*      (15)      May    11. 
High-Pressure   Electric   Railway   Systems.      (26)      May   11. 
The   Choice   of   Voltage   for   Railway    Electrification   on   the  Direct-Current   System.* 

F.    Lydall.      (73)      Serial    beginning    May    11. 
The   Rate    Advance    Case.      (Abstract    of    Hearings    before   the    Interstate    Commerce 

Commission.)       (18)      Serial   beginning    May    12;      (15)      Serial    beginning   May 

18. 
Methods   and   Cost   of  Changing  17   Miles  of  Railroad   Track  From   Narrow   Gage  to 

Standard   Gage.*      Henry  R.   Somes.      (86)      May   16. 
The    Highest    Railroad     Shop     in    the     United     States.*      Frank    A.     Stanley.      (72) 

May   17. 
Offer  Divers  Solutions  of  Canada's  Railway  Problem.      (13)      May  17. 
Theory,    Practice   and   Results   of  Fuel   Economy.      W.    P.    Hawkins.      (15)    May   18; 

(25)     June;     (18)     May    19. 
New  Union  Station-Plants  Completed  for  St.  Paul.*      (IS)      May  IS;      (13)      June  7. 
Government    Ownership    in    Foreign    Countries.      W.    M.    Acworth.      (15)     May    18; 

(18)    May    12. 
New   Automatic   Block   Signals  on  the  Southern   Railway.*      (18)      May   19. 
Would    Depress    New    York    Central    and    Elevate    Lackawanna    Through    Syracuse.* 

(13)      May   24. 
Locomotive    Feed    Water    Heating.*      C.    M.    Moderwell.      (Report    at    Railway    Fuel 

Assoc.   Convention.)       (15)      May  25;      (25)      June;      (18)      May   19. 
Pattern  for  Locomotive  Cab  Window  Shield.*      (101)      May  25. 
The  Julian-Deggs  Automatic  Stop  and  Train  Control   System.*      (18)      May  26. 
Mountain     and     Santa    Fe    Type    Locomotives     for    the    Southern    Railway.*      (18) 

May    26. 
Refrigerator  Cars  for  the   Pacific   Fruit   Express   Co.*      (18)      May   26. 
Progress    in    the    Rail    Problem    Marked    by    Sharp    Differences    in    View.*      (13) 

May  31. 
D.    C.    Track-Circuits.      (21)      June. 
Flexible   Firebox    Stays.*      (21)      June. 
Developments    in    Railway    Shop   Tools.      (25)      June. 

Organization    and   Methods   for   Handling   Rods.*      Ernest   A.    Miller.      (25)      June. 
Centralized    Production    of    Locomotive    Repair    Parts.*      George    Armstrong.      (25) 

June. 
Electrical    Equipment   at   a    Great   Western    Goods   Station.*      (26)      June   1. 
Suggestions    for    the    Conservation    of   Fuel.      (  15)      June    1. 
Double    Deck    Stock    Cars    for    the    Santa    Fe.*      (15)    June    1;     (25)    June;'  (18) 

June    9. 
To    Increase  Transportation    Efficiency.      Howard    Elliott.      (15)      June    1. 
The   German    Railway    Record    in    China.      (11)      June   1. 
New   Kansas   Interurban   Line  Serves   Central   Cities.*      (17)      June   2. 
Mechanics    of     the     Chilled     Iron     Wheel.      George     W.     Lyndon     and     F.     K.     Vial. 

(Abstract  of  joint  address  before  Railway  Club  of  Pittsburgh.)       (18)      June  2; 

(51)      July    27  ;      (25)      May. 
Rail  Failure  Attributed  to  Track  Service.*      (20)      June  7. 
"HoId-.\Iain"   Signals  on   the  L.  &   N.*      (15)      June  8. 

The  Pennsylvania's  New  Electric  Locomotive.*      (15)      June  8;      (17)      June  9. 
Modern      Train     Despatching — Some     Needed     Forms.      Harry     W.     Forman.      (15) 

June    8. 
Mikado   and   Consolidation   Types   Compared.*      (Discussion   based  on   Testing  Plant 

Bulletin  No.   28   of   Penn.   R.    R.    Co.)       (15)      June   8;      (25)      June^ 

•  Illustrated. 
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Railroads     (Continued). 

The    New    High-Speed    Three-Phase    Locomotives    of    the    Italian    State    Railways.* 

P.    Verole    and    B.    Mar.sill.      (Abstract    from    Rivista    Tecnica    delle    Ferrovie 

Italianr.)       (73)      June    8. 
Up-State   New  Yorli  Lines  Need   Relief.      Thomas   Conway,    Jr.      (17)      Serial   begin- 
ning June   0. 
Successful   Use  of   Steel  Trolley  Wire  By   Pacific   Railway.*      S.   H.   Anderson.      (17) 

June  9. 
Economics   of   the   Supply   Train.      D.    D.    Cain.      (18)      June    9. 
A  Seventy-Ton  Capacity  Well  Car  for  the  Pennsylvania  R.   R.*      (18)      June  9. 
Train    Handling.      G.     H.     Wood.      (Paper    read     before    Car    Foremen's    Assoc      of 

Chicago.  1       (18)      June    9. 
Making   Locomotive    Driving    Boxes.*      Frank    A.    Stanley.      (72)      June    14. 
Pennsylvania   Locomotive  of  the   Decapod   Type.*      (15)      June   15. 
Powdered    Coal.      (Abstract    of    Committee    Report    at    Conventien    of    International 

Railway  Fuel  Assoc.)       (15)    June  15;    (18)    May  19. 
Wheel   Shop   Practices,    Minneapolis,   St.    Paul   &   Sault  Ste.   Marie   Ry.,    Minneapolis, 

Minn.*      (18)      June   16. 
Shop    Fire    Protection.      Paul    Hevener.      (Paper    read    before    Car    Foremen's    Assoc. 

of  Chicago.)       (18)      June  16. 
Steel    Car    Shop.    I>ouisviIle    &    Nashville   R.    R.,    South    Louisville.    Ky.*      Millard   F. 

Cox.      (18)      June    16. 
The   Fuel    Situation   as   Affected   by   the   War.      (15)      June   22. 
The    Railroads    of    Canada    and    the   War.*      (15)      June    22. 
The  Maintenance   of  Way   Labor   Problem.*      (15)      June   22. 
Methods   of   Increasing   the  Train    Load.      (15)      June   22. 
Increasing   Track    Capacity   by    Signaling.      (15)      June    22. 
Heavier   Car   Loading   Would    Eliminate   Car   Shortage.*      (15)      June   22. 
Electricity   as   an   Aid   to   Railroad   Operation.      (15)      June   22. 
Small    Locomotives    Used    at   the    Front.      (15)      June   22. 
Railways   and   Food   Problem   in   the   War.*      (15)      June   22. 
The   Use   of   Light    Railways    in    the  War.*      (15)      June    22.. 
Construction   of   Wooden    Freight    Equipment.*      (15)      June   22. 
A    Review   of   the    Material    Situation.      (15)      June    22. 
Improved    Locomotive    Ser\'ice.*      (15)      June    22. 
How    Railways   Have    Revolutionized   Warfare.      (15)      June    22. 
Ambulance   "Trains   from   Civil   War   to   Present.*      (15)      June   22. 
Europe's    Railroads    Meeting    Second    Great    Trial.      (15)      June    22. 
Main  Line  Steel  Passenger  Cars  for  the  Erie.*      (15)      June  29. 
Clearing    House    For    Inter-Railway    Accounts.      T.    H.    B.    McKnight.      (Abstract    of 

paper  read  before  Assoc,  of  Am.  Railway  Accounting  Officers.)       (15)      June  29. 
Centralizing  the  Handling  of  Timber  on  the  B.  &  O.     F.  J.  Angler.      (15)      June  29. 
The   Control    of   Alternating-Current   Locomotives.      (26)      June   29. 
Boulons,    Goujons    et    Vis    d'Assemblage,    Ragles    pour    la    Construction    des    Boulons 

d'Assemblage.*      (92)      March. 
Installations    Americaines    pour    le    Chargement    du    Charbon    sur    les    Locomotives.* 

(33)      May    19. 
Betrachtungen    ilber   die    storenden    Nebenbewegungen    der    Eisenbahn-Fahrzeuge   mit 

besonderer    Beriicksichtigung    des    Einflusses    der    Radreifen-Konizitat.*      U.    R. 

Ruegger.      (107)      Serial   beginning    June    16. 

Railroads,  Street. 

Rapid    Transit    Railways— Some    Features    of    Construction    and    Cost.*      Ernest    V. 

Pennell.      (Paper    read    before    Toronto    Section    of   Am.    Inst,   of    Elec,    Engrs.) 

(96)       May    3. 
Rail-Bonding  Precautions.*      H.  H.  Tebrey.      (45)      May  5. 

Build   Subway   Station    Beneath    Philadelphia's   Massive   City   Hall.*      (13)      May   10. 
E.xtension   of   London    Underground   System.*      (17)      May    12. 
Methods    Employed    in    Construction    of   Fort    Point   Channel    Rapid    Transit   Tunnel, 

Boston,    Mass.*      (86)      May    16. 
Elevated    Railway    Rebuilt    Without    Stopping    Traffic*      (13)      May    17. 
Interurban   Cars   with   Off-Set   Central   Vestibules.*      (17)      May    19. 
An     Inexpensive    Way    of    Cutting    Construction    Costs.      Frank    B.     Walker.      (17) 

May  26. 
Double   Guards    Reduce   Cost.*      William   H.    Stevenson.      (17)      May    26. 
Putting   Across    the   Skip    Stop    in    Baltimore.*      Dwight    Burroughs.      (17)      June   2. 
Track   Construction    in   Des   Moines.*      W.   L.   Wilson.      (17)      June   2. 
Typical    Car-Yard    Improvements    at    Rochester,    N.    Y.*      D.    J.    Graham.      (17) 

June  16. 
Determining  the  "Slack"   in  a  Schedule.*     C.  H.  Koehler.      (17)      June  16. 
What  Shall  We  Do  With  the  Paving  Burden?      R.   C.   Cram.      (17)      June   2?,. 
Track     and     Paving     Construction     in     Seattle,     Wash.*      S.     E.     Goodwin.      (17) 

June  23. 
A  Modem  Type  of  Track  Construction.*      R.  G.  Taber.      (17)      June  23.     

•  Illustrated. 
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Roads  and  Pavements. 

Highway    Traffic    Analysis    and    Traffic     Census    Procedure.     William     H.     Connell. 

(Abstract   of   paper   read   before   Am.    Assoc,    for   the   Advancement   of"  Science  i 

(96)      Mar.   22. 
Road    Construction    and    Improvement    by    Means    of   Town    Planning    Schemes.      W. 

Rees  Jeffreys.      (Paper  read  at  Town  Planning  Inst.)       (104)      Serial  beginning 

April  27. 
Machine  Finishing  of  Concrete  Roads.*      (60)      May. 
Important    Features    Relating    to    the    Design    and    Improvements    of    City    Streets 

N.   S.   Sprague.      (58)      May. 
The   Construction    of   Bituminous    Pavements.*      (60)      May. 
Methods     of     Handling     Earth     in     Road     Construction.      Chas.     R.     Thomas       (86) 

May   2. 
Estimating    the    Cost    of    Paved    Surfaces    for    Highway    Improvement.      Robert    E 

Thomas.      (86)      May   2. 
Methods    of    Determining    the     Roadmaking    Qualities    of    Deposits    of    Stone     and 

Gravel.*      L.    Reinecke.      (96)      May   3. 
New    Pavement    Ordinance   Helps    San    Francisco's    Development.      James    M.    Owens. 

(13)      May  3. 
To    Pave   over    New   York    Subway   with    Asphalt.      (13)      May    10. 
Road  Laws  of  Ontario.      W.  A.  McLean.      (Abstract  of  paper  read  before  Canadian  and 

International    Road    Congress,    Ottawa.)       (96)      May    17. 
Intelligent   Use  of  Road   Oil   Reduces   Maintenance.*      T.    R.   Agg.      (13)      May   24. 
National    Parks   Road   Construction.*      J.    M.   Wardle.      (96)      May   24. 
Staffordshire  Main  Roads.        James  Moncur.      (Extract  from  Report  for  1916-1917.) 

(104)      May   25. 
Cost    Keeping    Forms    of    Oregon    State    Highway    Commission.*      John    H.    Lewis. 

(Abstract  from  Bulletiyi.)       (86)      May  30. 
Street    and    Road    Pavements,    Their    Design,    Construction    and    Maintenance  :    The 

Maintenance   of   Bituminous    Pavements.*      The   Editor.      (60)      June. 
Road    Work    in    the   Mexican    Desert.*      James   A.    O'Connor.      (104)      June   1. 
Practice    of    New    York    State    Highway    Commission    in    Construction    of    Concrete 

Pavement.      H.   Eltinge   Breed.      (86)      June   6;      (67)      May. 
Japanese   Roads   and   Highway    Bridges.*      J.    L.   Harrison.      (86)      June   6. 
Method  of  Resurfacing  Old   Macadam   Road.      Chas.    R.   Thomas.      (86)      June   6. 
Granite    Block    Pavements.      William    H.    Connell.      (Abstract   of    Paper    read    before 

Fourth  Canadian  and  International  Good  Roads  Congress.)       (96)      June  7. 
Extraordinary     Traffic     and     Excessive     Weights     on     Highways.      H.     T.     Wakelam. 

(Paper  presented  at  meeting  of  Inst,   of   Municipal  and  County  Engrs.)       (104) 

June   29. 
Modern    Road-Making   Machinery — Its    Selection,    Use    and    Care.      W.    Huber.      (Ab- 
stract of  Paper  read  before  Canadian  and  International  Good  Roads  Congress.) 

(104)      June  8. 
Sanitation. 

The  Capacity  of  Outfall   Sewers.*      William   Fairley.      (63)      1915-1916,   Pt.   11. 
The    Present    Conditions    of    Arterial    Drainage    in    Some    English    Rivers.     Richard 

Fuge  Grantham.      (63)      1915-1916.  Pt.   II. 
The  Main  Drainage  of  Cairo.     Charles  Carkeet  James.      (63)      1915-1916,  Pt.   II. 
A    Photographic    Study    of    Sewage    Distribution    on    a    Sprinkling    Filter.*      C.    L. 

Walker.      (36)      April. 
Street    Cleaning — A    Problem    in    Sanitary    Engineering.      James    W.    Routh.      (36) 

April. 
The   Dust-Bins   of   Greater   London.      Reginald    Brown.      (Paper    read    at   Meeting    of 

Inst,  of   Mun.   and  County  Engrs.)       (114)      April;      (104)      May  4. 
Sewage    Disposal:    Activated    Sludge   f.    Tankers    and    Filters.      (104)      April    13. 
Durability   of   Cement    Drain    Tile   and    Concrete    in    Alkali    Soils.*      (Abstract    from 

Techiwlogic   Paper   No.    95.)       (3)      May. 
Air  Diffusion   in   Activated  Sludge.*      Waldo   S.   Coulter.      (13)      May   3. 
Some  Costs  of  Sewer  Work.*      W.  G.   Cameron.      (96)      May  3. 

Advantages   of   Clay    Over   Cement   Tile.      E.    H.    Haeger.      (Paper   read   before   Wis- 
consin State  Drainage  Assoc.)       (76)      May  8. 
Special    Features   of   Sewerage   Development   at   Wellsboro,    Pa.*      Henry   W.    Taylor. 

(86)      May  9. 
Heating  Two   Apartments  with   Furnaces.*      (101)      May   11. 
Collection   and  Disposal  of  House  Refuse  :    Discussion.      C.   H.   Cooper.      (Abstract  of 

Paper  read   at  Royal   Sanitary   Inst.)       (104)      May   11. 
Progress    in    the   Use   of   Gas    For    House   Heating.      George    S.    Barrows.      (Abstract 

of  Discussion  before  Southwestern  Gas  and  Elec.  Assoc.)       (83)      May  15. 
French   Hygienic   Tests   of   Gas-Fires.*      (66)      May    15. 

Drainage   Problems   in   Saskatchewan.*      Charles   S.    Cameron.      (96)      May   17. 
Hot   Blast  Heating   for    Industrial    Buildings.*      (101)      May   18. 
The   Treatment   of   Sewage.      Bertram    Blount.      (Abstract   from  Journal   of   the   Inst. 

of  Sanitary  Engrs.)      (104)      May  18.  ^__ 

*  Illustrated. 
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Sanitation— ( Contin  ued ) . 

Combining  Power,  Heating  and  Ventilation.*  Ira  N.  Evans.  ( 64 »  Serial  begin- 
ning May  22. 

Western  Citle.s   Employ   Vacuum  Machine.'^   for  Cleaning-  Streets.*      (13)      May   24. 

Effect  of  Ruthless  Competition  on  Heating  Work.*      (101)      May  25. 

Sewage  Disposal  in  the  Wan.stead  (Essex)  Urban  nistrict.  Edward  Lindon.  (Ab- 
stract of  Paper  read  before  Assoc,  of  Managers  of  Sewage  Disposal.)  (104) 
May    25. 

Methods  and  Costs  of  Supervising  Drainage  Construction  In  the  Little  River  Drain- 
age   District.*      B.    F.    Burns.      (86)      May    30. 

Septic  Tanks  Reconstructed  as  Imhoff  Tanks  at  Columbus:  Part  I — Governing  Con- 
ditions and  Main  Results.*      O.  P.   Hoover.      (13)      May  31. 

Marked  Advance  in  Treating  Sewage  from  Packing  Houses.  G.  B.  Zlmmele. 
(13)      May  31. 

Saving  Expense  In  Garbage  Collection — A  Study  of  Actual  Conditions  In  Billings, 
Montana.*      John  N.  Edy.      (60)      June. 

Rochester's   Sewage    Disposal    Plant   in    Operation.      (60)      June. 

Modern   Methods  of   Refuse  and   Garbage   Disposal.      (60)      June. 

Swimming   Pool   Heating  and  Filtering   Plant.*      (101)      June   1. 

Proper  Method  of  Laying  Out  Trunk   Mains.*      J.   G.   Sorgen.      (101)      June  1. 

How    to    Keep    a   Construction    Camp    Clean    and    Sanitary.      (13)      June    7. 

Motor  Vehicles  the  Key  to  New  York  Street-Cleaning  Problem.*  J.  T.  Fetherston. 
(13)      June  7. 

Heating   Combined   Bank   and   Oftice   Building.*      (101)      June   8. 

Hospital   for   the   Care  of  Wild    Animals.*      A.    Mann.      (101)      June   8. 

Plumbing   System   on    a  "Land"    Battleship.*      (101)      June   8. 

Operating  Results  of  Imhoff  Tank  Sewage  Disposal  Works  of  Fitchburg,  Mass. 
F.    W.    Jones.      (Abstract    of    Report.)       (86)      June    13. 

Activated  Sludge  Experimental  Work  at  Milwaukee.*  (Abstract  of  Report  of 
Milwaukee   Sewage   Commission.)       (96)      June   14. 

Extracting  Alcohol  from  Garbage  Would  Conserve  Vast  Quantities  of  Grain  and 
Potatoes.*      (13)      June   14. 

Warm-Air    System    for    Illinois    Church.*      (101)      June    15. 

House  Refuse:  Its  Calorific  Value  and  Its  Possibilities.  Reginald  Brown.  (Paper 
read  before  Inst,  of  Municipal  Engrs.)       (104)      Serial  beginning  June  15. 

The  Activated  Sludge  Process  at  Worcester.*      (104)      June  15. 

Specifications  for  Domestic  Garbage  Incinerators.*  Curtis  C.  Myers.  (83) 
June   15. 

Operation   and  Use  of  Damper  Regulators.*      (101)      Serial  beginning  June   22. 

Direct  Steam   Radiation  Heats   Machine  Shop.*      (101)      June  22. 

New  Plumbing  System  Tried   in  Chicago.*      (101)    June   22. 

Radiators    Supplied    from    Warm    Air    Furnace.*      (101)      June    29. 

Modern  Sewage  Purification  Works — Design,  Construction  and  Management. 
Charles  Terry.  (Paper  read  before  Assoc,  of  Managers  of  Sewage  Disposal 
Works.)       (104)      June   29. 

L'Epuration  des  Eaux  d'Egout ;   la  Decantatlon.      H.  VerrlSre.      (43)      Jan. 

Structural. 

Novel    System    of    Foundations    Used    in    Connection    With    the    Federal    Legislative 

Palace,    Mexico   City.*      S.    Fortin.      (5)      Jan. -June.    1916. 
Reinforced    Concrete    Beams    Reinforced    For    Compression.*      Leonard    C.    Urquhart. 

(36)      April. 
Dundee     Housing     Schemes.*      .las.      Thomson.      (Abstract     of     a     Report.)       (104) 

April    13. 
A    National    Housing   Policy.      (104)      April    20. 

Standard   Unit   Construction    for   Steel   Frame   Structures.*      (12)      Apr.    20. 
Steel  Sheet  Piling:  American  Practice.*      (11)      Apr.   20. 
A   New  Vickers   Machine  Gun    Shop.*      (11)      April   27. 
Making    and    Buying    Sheet    and    Strip    Stock.*      F.    Walter    Guibert.      (Paper    read 

before    Steel     Treating    Research     Club,     Detroit,     Mich.)       (62)      May;      (116) 

May. 
Impact  Tests  and   Their   Relation   to   Others.*      Howard    J.   Stagg,    Jr.      (116)      May. 
Some    Slow    Volume    Changes    in    Portland    Cement.      Edward    D.    Campbell.      (67) 

May. 
Artistic    Stucco.      John     B.    Orr.      (Paper    read    before    the    Amer.    Concrete    Inst.) 

(67)      May. 
Concrete  Swimming  and  Wading  Pools.*      (67)      May. 
Construction  of  Vitrified  Pipe  Lines.*      J.   F.  Springer.      (60)      May. 
Impact  Tests.*      Sir   Robert   Hadfleld.      (Discussion   of  address  by   Howard   J.   Stagg, 

Jr..   before   Steel    Treating   Research   Club,    Detroit.)       (62)      May. 
Report  on  Heat-Insulating  Materials.*      (From  tests  by  Messrs.  Sargent  and   Lundy. 

Consulting    Engineers.)       (64)      May    1. 
Effect  of  Water  on   Concrete.*      Duff  A.   Abrams.      (From   Concrete  Highway  Maga- 
zine.)      (86)      May    2:      (67)      May;      (104)      May    25. 
Construction   Features   of  the  Canal   Shops  at   Balboa.*      (72)      May   3. 

•  Illustrated. 
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structural— (Continued). 

New  England   Steel   Bar  and  Wire  Plant.*      (20)        May  3. 

Alloy   or    Carbon    Steels    versus    Carbonized.      E.    F.    Lalte.      (Paper    read    before    the 

Steel   Treating    Keseareh    Club,    Detroit,    Mich.)       (20)      May    3. 
Concrete   Consistency   Measured   by    Simple   Field   Test.*      Harold   A.   Thomas       (13) 

May    3. 
The   Standardisation   of   Engineering   Materials    and    Its    Influence  on    the   Prosperity 

of    the    Country.      Sir    .John    Wolfe    Barry.      (.James    Forrest    Lecture    delivered 

at  Inst,  of  Civ.  Engrs.)       (11)      May  4;    (Abstract)       (12)      May  4;    (Abstract) 

(47)      .May  11. 
Piling    For    Excavating    Purposes    at    the    Dalmarnock    Electrical    Power    Station.* 

C.    B.    Sneddon.      (Abstract    of    Paper    read    at    Nat.    Assoc,    of    Colliery    .Mana- 
gers.)      (22)      May  4. 
Three-Section   Shield  a  Feature   of  Fifth   Ave.   Tunnel    Project    (for   Street  Traffic)* 

(13)      May  10. 
Explanation    of   the   Failures   of    Materials.*      W.    Knight.      (72)      May    10. 
Twin    .Mixer    Plant   Places   Five  Thousand   Yards   of   Winter   Concrete   Each    Month  ♦ 

(13)      May  10. 
A   Method   of   Proportioning   Materials    for    Concrete.      H.    C.    Johnson.      (Abstract   of 

Paper  read  before  Concrete   lust.)       (104)      May  11. 
Researches    Made    Possible    by    the    Autographic    Load- Extension    Indicator.*      W.    E. 

Dalby.      (Lecture    before    the    Inst,    of    Metals.)       (12)      Serial    beginning    May 

18;       (11)      May    18. 
Timber    Decay.      C.    J.     Humphry.      (19)      May    19;      (104)      .June    22. 
Distribution    of    Pressure    in    Earth    Due    to    Concentrated    External    Load.*      R     B 

Fehr.      (86)      May   23. 
Graphical   Analysis  of  Stresses  in  Complex  Column   Sections.*      W.   S.  Wolfe.      (86) 

.May    23. 
Five   Organizations   Build   Vast   Steel-Plant   Extension,    Sparrow's   Point,    Md.*      (13) 

May   24. 
Winnipeg    Sub-Surface    Formation    and    Suitable    Heavy    Foundation    Types.     J.    Q. 

Rankin.      (96)      May   24. 
Weak    Flat-Slab    Concrete    Building    Strengthened    by   Adding    New    Steel    and    Wood 

Frame.*      Maurice    C.    Couchot.      (13)      May    31. 
Can   the   Farm    Barn    Be   Made   Absolutely   Fireproof?      W.    G.    Kaiser.      (Paper   pre- 
sented before  Am.  Soc.  of  Agricultural  Engrs.)       (76)      June  5. 
Accidents    on    Construction — What    They    Cost    and    How    to    Prevent    Them.*      J.    J. 

Rosenthal.      (13)      June    7. 
Seven-Day    Sand    Tests    No    Criterion    for    Six-Month    Tests.      L.    R.    Brown      (13) 

June  7. 
Making  Sheet  Metal   Trim   for  Buildings.*      (101)      June   8. 
Girderless     Reinforced-Concrete    Floor     System     Has     Straight-Bar     Reinforcement.* 

(13)      June   14. 
Designing     Methods     for     Straight-Bar     System     of    Flat     Slabs.*      .John     Nydegger. 

(13)      June  14. 
Steel   Plant  Enlarged  Under   Difficulties.*      (13)      June  14. 
Proposes    New    Specification    for    Deducting    Rivet    Holes.*      D.    B.    Steinman.      (13) 

June  14. 
Design   of   Buildings   in    Mining   Towns.*      R.   H.    Haniill.      (Paper   read   before   West 

Virginia  Coal  Mining  Inst.)       (.45)      June  16. 
Utilizing  "Oversize"   to   Increase   Output  of   Small   Gravel   Plants.*      (86)      June   20. 
Invar   et   Aciers   au    Nickel    Similaire.*      F.    Schwers.      (93)      Jan. 
PiSces   a.    Flexion    Simple   en    Beton    Arme  ;    Determination    de    la    Fibre    Neutre    par 

la    Balance    et   du    Travail    par    le    Pendule.*      M.    Butavand.      (43)      March. 
La    Reconstruction    dans    les    Regions    Envahies.*      G.    Espitallier.      (33)      Serial    be- 
ginning May   12. 
Methode   Rapide  de  Calcul   des  Lignes   d'Influence  d'Arcs   Prismatiques   Surbaisses   k 

Deux    Encastrements.*      G.    Magnel.      (33)      May    26. 
La    Fixation    des   Chaises   et   des    Consoles   dans   les   Constructions   en   Beton    Arm§.* 

C.  Lemaire.      (33)      June  30. 
Wilhelm    Ritters    Bedeutung    fiir    die    Neuere    Baustatik.*      Arnold    Mauser.      (107) 

April  14. 
Stiitzmauer      aus      Eisenbeton      fiir      eine      fahrbare      Kohlenverladebrticke.*      (107) 

June  9. 
Die   Blektrolyse  als   Schutz   gegen    die   Corrosion    von    Metallen.      (107)      June   30. 

Water  Supply. 

The  Rules  and  Regulations  of  the  Province  of  British  Columbia  Relating  to  the 
Annual  Rental  Fees  of  Water  Powers.      E.   Davis.      (S)      Jan. -June.   1910. 

Principles  of  Conservation  as  Applied  to  Water  Power.  Gifford  Pinchot.  (Ad- 
dress delivered  before   Engrs.   Soc.   of   Penn.)       (98)      Nov. -Dec,    1916. 

Some  Problems  of  the  Waterworks  Executive.  Garrett  O.  House.  (.Abstract  of 
paper  read  before  Minnesota  Section  of  .\m.  Water  Works  Assoc.)  (96) 
Mar.  22.  ^___^ 

*  Illustrated. 
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Water  Supply— (Continued). 

Planning   the    Distribution    of   the    Water    Supply    of   a    Small    Town.      M'Kean    Maf- 

litt.       (96)       Mar.    22. 
Pitting  of  Water  Turbines  and  Their  Design.*      S.   J.   Zowski.      (4)      April. 
Coolgardlo   Water    Supply,    Western    Australia.      P.    V.    O'Brien    and    J.    Parr.      (Ab- 
stract of   paper   read  before   Inst,  of  C.   E.)       (104)      April   13. 
Cement   Joints   For   Cast-iron   Water   Mains.*      Clark   H.    Shaw.      (Abstract   of   paper 

read  before  Am.  Soi'.  Civ.   Engrs.)       (104)      April   20. 
The    Horsley    and    Nicholson    Automatic    Compound    Syphon.*      George   R.    Nicholson. 

(Paper    read    before    North    of    England    Inst,    of    Mining    and    Mech.    Engrs.) 

(57)      Apr.  20  ;      (106)      May. 
Flow   Through   Sharp    Edged  V-Notches  or  Weirs.*      E.   W.   Doebler  and   F.   H.    Ray- 
field.      (36)      May. 
China    Mills    Dam    and    Sluiceway    of    Suncook    Mills.*      Arthur    T.    Safford.      (109) 

May. 
Weir  Meters  for  the  Power  Plant.*      (64)      May  1. 

Salt  Test  for   Flow   Works   Well   in    Infiltration   Gallery.      (13)      May   3. 
New   Water- Works   at  Providence,    R.    I.,    to    Cost   $12  000  000.*      Frank    E.    Winsor. 

(13)      May  3. 
Multiple    Inspirators   Aerate    Algae-Laden    Lake    Supply.*      (13)      May    3. 
New    Reservoir    and    Water    Mains     Improve    Service    at    'Covington,    Va  *      Harry 

Stevens.      (13)      May  3. 
Night-Rate   Consumption    Barometer    in    100%    Metered    City.*      (13)      May    3. 
Growth    of   Filter    Sand    at   Three   Water-Softening    Plants.      (13)      Serial    beginning 

May   3. 
Marine   Type   of  Diesel    Engine   Adapted   to  Water- Works.*      Thomas   Orchard   Lisle. 

(13)      May   3. 
How  to  Lay  Out  Field  Work  and  Keep  Office  Records  on   Earth-Dam  Construction.* 

Seldeu   P.  Sears.      (13)      May  3. 
Water  Supply   in   the  Killarney   Rural  District.      (104)      June  8. 
Carbon    Dioxide    and    Iron    in    Water    Supplies.*      C.    G.    Wigley    and    P.    N.    Daniels. 

(86)      May  9. 
Construction    Features   of   Concrete    Dam    For    Ottumwa,    la.,    Water    Works.*      (86) 

May   9. 
The   Work    of   the    Service   Force   of   the  Water   Works    Department    of    Minneapolis. 

J.    A.    Jensen.      (86)      May    9. 
Method   of   Subirrigation    in    the    Sanford   District,    Florida.*      F.    W.    Stanley.      (Ab- 
stract  of   Bulletin    of   U.    S.    Department    of   Agriculture.)       (86)      May    9. 
Power  Carried  548  Miles  From  Hydro-Electric  Station  Working  on  Both  1  247-  and 

1777-Foot    Heads.*       (13)      May    10. 
Value  of  Racine  Water- Works  Fixed  at  $1015  000.     W.  E.  Miller.      (13)      May   10. 
Silt  Settled   from  Power  Stream  to  Prevent  Turbine  Erosion.      J.  W.   Swaren.      (13) 

May   10. 
Figuring  Sizes  of  Hot  Water  Storage  Tanks.      C.  F.  Herington.      (101)      May   11. 
Ground   Ice  and   Water  Supplies.*      James   MacAlister.      (11)      May   11. 
Unlined    Earth    Reservoirs    For    Pumping    Plants.*      (Ill)      May    15. 
Economic  Devices  in  a  Small  Hydraulic  System.*      J.  W.   Swaren.      (Ill)      May   15. 
Wrestling    with    Filter    Bottom    Troubles    at    Minneapolis    Plant.      Lewis    I.    Birdsall. 

(13)      May   17. 
New  Design  of  Screen  Chamber.*      John  H.  Lance.      (13)      May  17. 
The   Bombay    Hydro-Electric    Power    Scheme.*      (12)      Serial    beginning   May    18. 
Water   Supply   Standards.      William   J.    Orchard.      (Paper   read   before   Chemical   and 

Bacteriological   Section  of   the  Am.   Water   Works   Assoc.)       (96)      May   24. 
South     American     Rainfall     Reverse     of     Northern     Pacific.      C.     G.     Newton.      (13) 

May    24. 
Making  the  B.   Coli   Test  Tell   More.      Milton   F.  Stein.      (13)      May  24. 
Water-Filtration   Plants   in   the  United  States   and   Canada  in   1917.      (13)      May  24. 
Notes  on  the  Construction  of  Turbine  Pumps.*      Alan  E.  L.  Chorlton.      (12)      Serial 

beginning  May  25;      (11)      Serial   beginning  May   25. 
Report   on    Enlargement   of   Montreal    Aqueduct.*      H.    C.   Vantelet,    Arthur   St.    Lau- 
rent and  ,J.   B.   McRae.      (96)      Serial   beginning  May  31. 
Montreal    Water    and    Power    Company's    Chlorine    Cell    Installation.      Frank    Henry 

Pitcher    and    James    O.    Meadows.      (96)      May    31;      (13)      May    24. 
One  Engineer's  Opinion  as  to  Why  the  Standley   Lake  Dam   Sloughed.*      A.   Lincoln 

Fellows.      (13)      May  31. 
How   Standley  Lake  Dam  Was   Built  and   the   Story  of  the  Slips.*      John   E.   Hayes. 

(13)      May    31. 
Deadlock  on  Cast-iron  Pipe  Specifications.      (13)      May  31. 
The  Weather  Business.*      George  S.   Bliss.      (2)      June. 
Los   Angeles    Power    Development.*      (60)      June. 
Elimination   of   Corrosion    in   Hot-Water    Supply   Lines.*      F.    N.    Speller.      (Abstract 

of  paper  read  before  Am.  Soc.  of  Heating  and  Ventilating  Engrs.)       (47)      June 

1  ;      (64)      June  19. 
Rock   Creek    Multiple   Arch    Dam.*      R.    A.    Monroe.      (Ill)      June    1. 
Failure  of  Hydraulic   Projects  From  Lack  of  Water  Prevented  by  Better  Hydrology. 

Robert   E.   Horton.      (13)      June   7. 

•  Illustrated. 
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The   Design   of   a   Tower   lo  Water-Filter    Operation.     Lewis    I. 

Birdsall.      (Ab^traci    ^i  .-  ,       -nr    ■Hpimlck       (86)      June   20. 

,13)      June  14.  rnn^t ruction.      Charles  W.  HeimicK.      y      > 

MaJre^e,   D.-«,.   .e   JauKur  Ventun.        L  ,      ^„^„,„ 

Carolina.     E.-L.)  ,     i"'  Tnrtion     Light   &   Power 

(33)      June   16.  ■,    a  ^os   der   Barcelona   Traction,    i^ib" 

W.t=r«.ys.  .    .  .      s„    George   C.nnlngbam    Buebana..        (63) 

-"'  r/rSo,'''pr.r';™  ,,  „,  -^„,„,e.„nt  ..  WeU.n.  C....  »„.  OJ^C.™.™- 
--rr  ^"-Oe^SS  B^S   -a,.,^K.^W,^S"^.   oS.      Ke„.e..   C.   C™». 

■'""r;8.""N"-Ve',%l'^:;    ^^^^^„^„,      ,^,,„e.  ..  ..rer  read   .*re   A^.  See. 

„„„,p,e^rch^  Da».^  s.rW   be.>n„in.  Ap^rU   2T._^^^  .»''^:"rTbomp.on 

Nvhohn  System  ot  Lock  Operat  on^   ^^^^^  Winona   to  La   Crosse. 

'^""'ZTTm'  A»H     <'wi.,  S'VrtoeU..     .o„„  .^  Mcca.e.     ,.00,     Ma,- 
Construction  Of  North  Cume    >  May-June 

,„,p/o;EifS''%j>rsr%S?jev'a?.V;ci.|1'aS   S..    Ma«e,    M.c..- 
-H^:-|'a"a.r|.OoXs-»rrB„\Sa.:"M^^^^^^  "*"-    '»"    ■"°°- 

•^      June  7.       „     .   ,  „„„.  p,r,i   1„   Rapid  Construct.on  ot  OUio   M-K 
-°"o1Srrw.'^>Sfp,S      (U.  J^"- ,;*■  ,„„.    o,   Conc„t...     M.    D.    B,.«««. 
Lake    Shore    Protection    at    Chicag  presented    before 

'-   K^'ASSSe'kw.-S^   'S»ejn'.fa,„t  Ma.o.-     A..»..   Pa«.o-«. 
Les   Ports   Franqais    et    la    t^uerr  . 


(33)      June   2. 
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Synopsis. 
The  object  of  this  paper  is  to  place  before  the  Society  the  result 
of  the  writer's  study  of  the  design,  operation,  and  efficiency  of  the 
three  large  15-cu.  yd.  dipper-dredges  supplied  by  the  Bucyrus  Company 
for  use  on  the  Panama  Canal. 


The  15-cu.  yd.  dipper-dredges,  Gamhoa  and  Paraiso,  were  requisi- 
tioned by  the  Isthmian  Canal  Commission  as  part  of  the  permanent 
equipment  of  the  Panama  Canal  and  for  immediate  use  in  completing 
the  channel  through  Gaillard  Cut  (formerly  Culebra  Cut).  A 
contract  was  made  with  the  Bucyrus  Company,  which  stipulated  that 
the  dredges  were  to  be  ready  for  towing  to  the  Isthmus  on  December 
1st,  1913,  and  January  1st,  1914.  The  Gamhoa  was  accepted  at  Port 
Richmond,  N.  Y.,  on  February  16th,  and  the  Paraiso,  on  April 
13th,    1914.      The    Gamhoa    reached    the    Isthmus    on    March    IGth, 


Note. — These  papers  are  issued  before  tlie  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transaitions. 
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and  was"  placed  in  operation  on  April  4th,  1914,  being-  followed  by 
the  Paraiso,  which  arrived  on  May  22d,  and  started  work  on 
June  7th,  1914.  The  total  cost  of  the  two  dredges,  and  the  towing, 
etc.,  was  $573  287.40,  to  which  initial  cost  should  be  added  $3  092.50 
for  the  Gamboa,  and  $1  786.21  for  the  Paraiso,  the  respective  amounts 
necessary  to  place  them  in  commission  after  their  arrival. 

These  dredges  operated  so  eflSciently  that  the  Isthmian  Canal  Com- 
mission placed  another  contract  with  the  Bucynls  Company  for  a 
third  dredge,  of  improved  design,  called  the  Cascadas,  which  was 
accepted  at  Port  Richmond,  N.  Y.,  and  successfully  towed  to  the 
Isthmus,  where  it  arrived  on  October  21st,  1915,  practically  2  months 
ahead  of  the  promised  delivery,  and  was  placed  at  work  in  Gaillard 
Cut  on  October  31st,  1915,  at  a  total  cost  of  $376  180. 


GAMBOA  AND  PARAISO 


■    Fig.  1. 

The  following  are  the  principal  dimensions,   etc.,  of  the   Oamhoa 
and  Paraiso : 

Length    of    hull 1^4  ft.  0  in.* 

Beam,  moulded 44    "    0    " 

Depth,  moulded 13    "    6    " 

Draft 8    "    0    " 

Digging  depth,  below  water  line 50    "    0    " 

Displacement   .1  730  tons. 

One  main  engine,  two  cylinders,  compound,  16  by  28  by  24  in. 
One  swinging  engine,  two  cylinders,  compound,  12  by  16  in. 
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One  backing  engine,  two  cylinders,  compound,  12  by  16  in. 

Two  forward  spud  engines,  two  cylinders,  compound,  12  by  16  in. 

One  stern  spud  engine,  two  cylinders,  9  by  9  in. 

Two  dock  winches,  two  cylinders,  6  by  6  in. 

Two  boilers,   Scotch  marine  type,  126  in.  diameter,  138  in.  long, 

water  pressure  150  lb. 
Two  forward  spuds,  48  by  48  in.,  and  82  ft.  long. 
One  stern  spud,  30  by  30  in.,  and  83  ft.  6  in.  long. 
Swing  circle,  24  ft.  in  diameter. 
Bail  pull,  235  000  lb. 

Hoisting  pull  on  spud  rope  due  to  engine,  88  000  lb. 
"Pin  up"  pull  on  single  cable,  with  brake  on  engine,  160  000  lb. 
Capacity  of  rock  dipper,  10  cu.  yd. 
Capacity  ot  mud  dijjper,  15  cu.  yd. 
Capacity  of  fuel  oil  tanks,  14  200  gal. 

The  displacement  of  the  Cascadas  is  2  095  tons,  and  the  hull  is 
144  ft.  long,  55  ft.  beam,  and  15^  ft.  deep.  Thus,  it  is  11  ft.  wider 
than  the  others,  making  less  reactions  on  the  spuds,  less  metacentric 
variation  when  digging  over  the  sides,  and  it  allows  the  spuds  to  be 
inset.  The  spud- well  construction  differs  from  that  of  the  Gamhoa 
and  Paraiso,  as  their  forward  spuds  are  placed  outside  of  the  hull, 
with  tapering  sponsons  fore  and  aft  to  transmit  the  reactions  to  the 
sides  of  the  hull. 

Buckets. — The  dredges  were  supplied  with  interchangeable  buckets 
of  two  sizes,  one  with  a  capacity  of  15  cu.  yd.  and  another  of  10  cu. 
yd.,  for  use  in  rock  excavation.  Having  been  placed  in  Gaillard  Cut 
in  rock  digging  exclusively,  the  larger  dippers  have  been  seldom  used; 
the  smaller  ones,  as  supplied  by  the  contractors,  were  of  extra  massive 
construction,  but  were  of  insufficient  strength  to  withstand  the  severe 
use  and  the  impact  from  a  dipper  stick  load  of  131  000  lb.,  and  were 
replaced  later  by  the  Missabe  type  of  cast  manganese-steel  dippers. 
The  over-all  dimensions  of  the  new  dipper  are  10^  by  9  by  9  ft.;  the 
lips  are  Z\  in.  thick  at  the  bottom  bands,  and  the  body  consists  of  a 
front  and  hack  casting  with  lap-riveted  joints  at  the  sides;  and,  in 
addition,  the  lip  is  a  separate  casting  riveted  to  the  front  piece  and 
joined  thereto  by  the  rivets  of  the  tooth  ribs.  Recently,  the  back 
and  bottom  of  this  dipper  has  been  further  reinforced,  and  the  dipper 
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is  expected  to  give  greater  service  and  satisfaction  than  the  preceding 
models. 

Cables. — The  dippers  are  hung  on  a  275-ft.,  S^-in.,  extra  pliable, 
improved,  plow-steel  wire,  center  cable  consisting  of  six  strands  of 
37  wires  each,  intended  to  withstand  a  bail  pull  of  235  000  lb.,  the 
minimum  cable  life  being  3  days  and  the  maximum  35  days.  The 
rapid  deterioration  of  the  cables  is  due  to  the  severe  abrasion  they 
receive  while  at  their  deeper  digging  depths  (from  35  to  50  ft.),  coupled 
with  the  deteriorating  effects  of  their  constant  travel  over  an  under- 
sized point  of  boom  sheave,  which  is  grooved  for  a  wire  rope  3^  in.  in 
diameter  and  is  about  8  ft.  in  diameter  at  the  bottom  of  the  groove. 
The  sheaves  are  of  cast  steel,  with  long,  heavy  cast-steel  hubs,  bronze- 
bushed,  to  distribute  the  pressure  over  the  11-in.  sheave  pins,  pressed 
into  place;  the  cables,  which  are  the  largest  in  use  on  dipper-dredges, 
are  hardly  satisfactory  for  the  service  required,  for  which  the  supplying 
manufacturers  refuse  to  guarantee  them. 

Dipper  Handles. — The  dipper  handles  on  all  the  dredges  are  72  ft. 
long,  over  all,  and  are  reinforced  top  and  bottom  with  2  by  12-in. 
bars  and  by  1  by  22-in.  plates  on  both  sides  of  each  dipper  stick.  Long- 
leaf  yellow  pine  is  used  in  the  construction  of  the  sticks,  and  white 
oak  for  dead  wood.  The  racks  are  manganese-steel  castings,  with  a 
pitch  of  3  in.,  and  are  about  12  in.  wide.  They  are  shrouded  to  the 
pitch  line,  the  top  of  the  shrouded  portion  being  ground  to  form  a 
rolling  surface  for  similar  shrouding  on  the  rack  pinions.  Heavy  steel 
castings  are  used  to  connect  the  dipper  hinge  frame,  and  similar 
castings  are  used  to  connect  the  dipper  back  braces,  which  are  securely 
bolted  to  the  end  of  the  handle  by  a  large  number  of  2i-in.,  horizontal 
and  vertical  through  bolts.  The  weight  of  the  dipper  handle  is  81  000 
lb.,  its  life  averaging  about  6  months,  that  of  the  rebuilt  handles 
being  3  months. 

Saddle-Block. — The  innovation  in  the  design  of  the  saddle-block  has 
proved  as  useful  as  it  is  interesting.  The  slide  plate  is  separated  into 
two  parts  for  assembling  on  the  flanged  shipper-shaft,  leaving  a  passage 
in  the  middle,  which  permits  the  main  hoist  cable  to  run  in  a  straight 
line,  from  the  foot  to  the  point  of  the  boom  sheave.  This  eliminates 
the  usual  hump  sheave,  which  is  generally  placed  near  the  upper  end 
of  the  boom  and  is  necessary  on  other  dredges  to  lift  the  single-hoist 
cable  clear  of  the  saddle-block. 
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The  heavy  unit  construction  facilitates  the  guiding  and  holding 
of  the  dipper  handle  in  a  much  more  secure  manner,  and  improves 
the  meshing  of  the  racks  on  the  dipper  handles  with  the  pinions  of 
the  9J-in.  hollow,  nickel-chrome-steel,  shipper-shaft,  at  times  to  such 
fln  extent  that  the  teeth  are  stripped  from  thorn  both.  By  building  a 
heavier  bucket,  the  dipper  handle,  saddle-block,  shipper-shaft,  and 
hoisting  arrangement  offer  opportunity  for  improvement  in  design,  in 
that  the  dipper  stick  would  be  stronger  if  it  was  made  of  one  piece, 
two  main  hoisting  cables  being  used,  running  on  each  side  of  the 
dipper  handle,  thereby  increasing  the  life  of  the  hoisting  cable  and  also 
the  dipper  stick.  This  dipper  stick  at  times  becomes  bowed,  and,  due 
to  the  sliding  fit  with  the  saddle-block,  necessitates  immediate  re-align- 
ment; this  could  be  obviated  if  a  rolling  fit  was  presented,  the  rollers 
being  supplied  with  bearings  under  compression.  The  sliipper-shaft 
bearings,  which  are  bolted  to  the  top  chord  of  the  boom,  project  so 
that  the  flanges  of  the  brake  wheels,  which  are  built  of  steel  castings 
75  in.  in  diameter  with  a  12-in.  face  and  bolted  to  the  flanges  on 
each  end  of  the  shipper-shaft,  engage  the  bearing  boxes  when  lifted 
for  removal,  making  an  extended  operation  of  changing  the  shipper- 
shaft.  The  brakes  are  of  the  double-acting  type,  and  are  actuated  by 
a  steam  thrust-cylinder,  the  steam  valve  of  which  is  controlled  by  a 
floating  lever  and  operated  by  a  hand-lever  on  the  craneman's  platform. 
Booms. — The  booms  on  these  dredges  are  62  ft.  long,  of  the  plate- 
girder  type,  with  curved  top  and  bottom  chords.  All  parts  of  these 
booms  are  supposed  to  be  of  ample  section  to  withstand  developed 
stresses,  which,  due  to  the  heavy  type  of  work,  have  been  such  as  to 
necessitate  reinforcement  of  the  different  booms  that,  with  complete 
machinery,  weigh  113  000  lb.  They  are  equipped  with  a  steam-operated 
l)Oom  brake,  steam  shipper-shaft  brakes,  and  a  steam  dipper-trip,  the 
cylinder  of  which  is  mounted  above  the  foot  of  the  boom,  and  is 
connected  with  the  latch  bar  on  the  dipper  by  an  endless  wire  rope, 
the  circuit  beginning  at  the  upper  end  of  the  dipper  handle,  leading 
around  the  sheave  on  the  stand  just  below  the  shipper-shaft,  and 
thence  around  the  sheave  attached  to  the  cross-head  of  the  steam 
dumping  cylinder,  which  permits  dumping  in  any  position.  The  boom 
feet  are  of  heavy  steel  castings,  with  webs  and  flanges  of  such  length 
as  to  permit  adequate  riveting.  The  boom  is  stepped  into  a  steel 
casting  pivot,  formed  with  sockets  to  receive  the  boom  feet;  the  pivot 
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rotates  on  a  heavy  cast-steel  base  plate,  securely  bolted  to  the  hull, 
with  its  flanges  extending  over  the  front  of  the  hull.  The  pintle  is 
bronze-bushed,  and  has  a  bronze  wearing  plate  or  washer  between  the 
boom  step  collar  and  t!ie  base  plate,  and  another  bronze  bushing  and 
wearing  plate  is  used  between  the  base  plate  and  the  center  casting 
of  the  swing  circle. 

Main  Engines. — The  main  engines  are  specified  to  work  at  a  steam 
pressure  of  135  lb.  while  condensing.  They  are  of  the  horizontal,  twin- 
tandem,  compound  type,  with  16  and  28-in.  cylinders  and  24-in. 
stroke,  mounted  on  heavy  self-contained  cast-iron  bed-plates  of  the 
Tangye  pattern.  The  crank  shaft  is  of  forged  steel,  12  in.  in  diameter, 
with  journals  91  in.  in  diameter  and  14  in.  long,  and  with  screw- 
adjusting  bearings.  The  connecting  rods,  valve  stems,  and  the  adjust- 
able bronze-shoed  cross-heads  are  of  steel,  finished  and  arranged  for 
taking  up  wear.  The  link  motion  and  reverse  gears  are  omitted  on 
the  Cascadas,  and  are  replaced  by  a  steam  turning  gear,  comprising 
a  steam  reversing  engine  geared  to  the  crank  shaft  with  a  releasing 
jaw  clutch  operated  from  the  engine-room.  The  low-pressure  cylinders 
have  piston  valves  working  in  renewable  cast-iron  valve  cages,  a 
stuffing-box  being  incorporated  between  the  high  and  low-pressure 
cylinders.  The  eccentric  bearings  of  the  Cascadas  are  larger  than  those 
of  the  Gamboa  and  Paraiso,  and  the  Cascadas  is  equipped  with  an 
overhead  15-ton  traveling  crane. 

Hoisting  Drum  and  Gears. — The  hoisting  drum  is  of  the  differential 
type  of  cast  steel,  and  is  bushed  with  bronze.  The  small  diameter  is 
69  in.  and  the  large  diameter  is  84  in.  at  the  bottom  of  the  grooves, 
which  are  for  31-in.  wire  cable.  The  drum  is  mounted  loose  on  the 
16-in.,  forged-steel,  main  hoisting  shaft,  having  journals  llf  in.  in 
diameter  and  18  in.  long.  Power  is  applied  to  the  drum  by  two 
outside,  wood-lined,  band  frictions,  one  on  each  side  of  the  drum, 
both  operated  by  a  single  steam  cylinder  14  in.  in  diameter,  placed 
at  one  end  of  the  drum  shaft  and  attached  to  a  thrust  spindle  passing 
through  the  center  of  the  shaft.  The  drum  is  of  the  usual  type 
supplied  by  the  Bucyrus  Company  on  its  dredges,  and  has  a  barrel- 
like shape,  which  permits  the  maximimi  digging  force  and  the  slowest 
speed  when  the  dipper  is  excavating  and  the  angle  between  the  hoisting 
rope  and  the  dipper  handle  is  sharpest;  as  the  rope  is  wound  on  the 
larger  diameter,  the  dipper  is  hoisted,  allowing  any  desired  increase 
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of  hoisting  speed  when  the  maximum  bail  pull  is  not  required-  The 
diameter  of  the  drum  could  be  increased,  which  would  reflect  in 
length  of  cable  life.  The  drum  is  driven  by  two  heavy  spur-gears, 
12  ft.  in  diameter,  one  on  each  side,  meshing  with  the  corresponding 
pinion  of  the  intermediate  shaft.  The  gear  hubs  next  to  the  bearings 
are  lined  with  bronze.  The  intermediate  shaft  is  driven  from  the 
crank  shaft  through  a  single  gear,  which  has  steel  castings  rim-bolted 
to  a  heavy  cast-steel  spider  arranged  for  rim  replacements  without 
stripping  the  shaft.  The  intermediate  gear  rim  is  split  for  easy  removal 
and  replacements,  and,  like  the  pinion  on  the  crank  shaft,  has  cut 
teeth.  The  intermediate  shaft  is  bolted  directly  on  the  engine  bed- 
plates; the  bed-plate  also  contains  the  drum-shaft  bearings,  and  is 
of  cast  steel,  forming  an  extension  of  the  engine  bed-plate,  and  is 
securely  bolted  to  it  and  the  structural  base  built  into  the  hulL 

Stringing  Circle  Machine  and  Guid^-She<ires. — The  swinging  circle 
is  of  structural  steel,  24  ft.  in  diameter,  and  mounted  on  top  of  the 
hull  truss:  connection  is  made  to  the  boom  with  two  heavy  built-up 
girders,  extending  out  from  the  circle,  one  on  each  side  of  the  boom. 
The  center  is  a  heavy  steel  casting,  securely  bolted  to  the  circle,  and 
has  an  I-beam  rim  reinforced  with  5-in.  plates,  the  jaws  being  fastened 
to  the  boom  at  the  forward  ends.  Changes  have  been  effected  in  the 
rope  anchorage  of  the  dredges  by  maViTig  the  swing  rope  arotmd  the 
circle  in  four  separate  pieces  with  open  socket  connections,  which 
renders  complete  stripping  unnecessary  when  the  rope  is  changed. 
Two  42-in.  cast-st-eel  sheave*,  on  top  of  the  hull  truss,  grooved  for 
a  2-in.  rope,  and  complete  with  shaft  bearings  and  -i|-in.  sheave  pins, 
are  supplied  for  guiding  the  swing  rop)e  from  the  circle  to  the  swinging 
drum.  The  swinging  machinery  is  operated  by  an  independent  double 
engine,  with  12-in.  cylinders  and  16-in.  stroke,  and  reversing  link 
gear.  The  engine  and  drum  are  motmted  on  heavy  structural  steel 
bases  built  into  the  hulL  and  the  linVg  are  reversed  by  the  steam  thrust- 
cylinder  controlled  by  the  lever  which  operates  the  throttle. 

Baclring  Engine. — The  backing  aigine  and  drum  are  mounted  on 
a  structural  steel  base  built  into  the  hull,  and  the  drum  is  operated 
by  a  separate  12  by  16-in.,  double,  non-reversing  engine.  The  cast-steel 
drum  (26  in.  pitch  diameter)  is  driven  by  an  outside-band  friction 
clutch,  actuated  by  a  steam  thrust-cylinder,  5  in.  in  diameter,  and 
carries  a  2-in.  steel  rope.     The  diameter  of  this  drum  is  too  small. 
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as  it  breaks  the  strands  of  the  cable,  prevents  proper  reeling,  and  causes 
slack  on  the  drum,  which  prohibits  uniform  backing  of  the  bucket. 
The  gear  reduction  between  the  crank  and  the  7-in.  drum  shaft  is 
single,  and  a  band  brake  prevents  the  running  out  of  the  rope. 

Forward  Spud  Machinery. — Each  forward  spud  is  operated  by  an 
independent,  double,  12  by  16-in.  engine,  with  link  motion  reverse, 
which  is  operated  by  a  steam  thrust-cylinder  controlled  by  the  lever 
which  operates  the  throttle  valve.  The  spud  drums  are  42  in.  in  diam- 
eter and  are  grooved  for  2i-in.  wire  rope.  The  Cascadas  is  "pinned  up" 
and  the  spuds  are  lifted  by  a  2i-in.  wire  rope  passing  around  the  four 
sheaves  at  the  top  of  each  spud;  the  pinning-up  ropes  are  similar  to 
those  on  the  Gamhoa  and  Paraiso,  but  the  spud  hoist  ropes  run  over 
sheaves  which  are  on  a  gantry  mounted  near  the  spud  casings  and 
extending  above  the  highest  position  of  the  spuds. 

'  The  Bucyrus  Company  has  developed  a  big  improvement  in  this 
design,  as  it  dispenses  with  the  sheaves  at  the  lower  end  of  the  spuds, 
where  the  wire  ropes  are  quickly  cut  by  the  sharp  stones  found  in 
the  rock  excavation  in  "the  Cut."  Wood-lined  band-brakes,  operated 
by  a  steam  cylinder,  are  supplied  to  hold  the  dredge  when  "pinned-up", 
and  the  spud  tackle  rope  is  taken  up  by  four  parts  of  rope.  Each 
spud  engine  is  connected  to  its  drum  by  double  reduction  gearing 
of  cast  steel;  and  a  suitable  friction  clutch,  operated  by  a  steam 
thrust-cylinder,  is  provided  to  disconnect  the  drum  from  the  engine, 
allowing  the  dredge  to  rise  and  fall  with  the  tide  when  not  in  use. 
The  spud  drum  machinery  and  engines  are  supported  by  a  heavy 
structural  steel  frame  built  into,  and  set  far  enough  from  the  side 
of,  the  hull  to  permit  ready  access  to  the  spud  machinery  on  the 
outboard  side  of  the  foundation.  The  sheaves  guiding  the  spud 
ropes  to  the  drum  have  a  pitch  diameter  of  45  in.,  are  cast  steel, 
bushed  with  bronze,  and  have  annealed,  forged-steel,  sheave  pins.  The 
stern  spud  machinery  is  arranged  for  a  trailing  spud  that  is  hoisted 
by  rack  and  pinion,  through  two  gear  reductions,  by  a  9  by  9-in., 
double  engine,  placed  on  and  operated  from  the  deck,  at  the  stern  of 
the  dredge.  The  intermediate  shaft  is  fitted  with  a  band-brake,  to 
hold  the  spud  in  its  proper  position,  and  carries  a  jaw  clutch  for 
disconnecting  the  drum  from  the  shaft  and  the  engine.  The  stern 
spud  is  of  structural  steel,  30  by  30  in.  and  83  ft.  5  in.  long,  and 
is  held  in  place  by  a  slidi'ng-fit  arrangement  somewhat  similar  to  that 
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of  the  saddle-block.  This  creates  the  necessity  of  immediate  re-align- 
ment when  the  spud  becomes  slightly  bowed.  The  forward  spuds  are 
of  structural  steel,  48  by  48  in.  and  72  ft.  long,  with  8  by  8  by  .?-in. 
corner  angles,  2-in.  side  plates,  and  suitable  diaphragms,  those  of  the 
CascadaSj  as  mentioned,  having  all  sheaves  at  the  top  of  the  spud.  As 
heavy  as  they  are,  these  spuds  have  to  be  removed  every  90  days,  three 
being  broken  in  as  many  days,  in  one  case. 

Deck  Fittings. — On  the  main  deck,  outside  of  the  house,  there  are 
two  three-drum  winches,  which  are  used  for  moving  scows,  and  are 
equipped  with  internal  driving  engines.  Each  engine  is  of  the 
horizontal  type,  and  has  two  6-in.  cylinders  with  G-in.  stroke ;  the  throttle- 
valve  is  in  the  main  steam  chest,  and  also  acts  as  a  reversing  valve. 
The  drums  are  steel  castings,  bushed  with  bronze,  with  24-in.  barrels 
12  in.  long,  and  equipped  with  friction  clutches  of  the  outside-band 
type,  as  well  as  band-brakes.  There  are  ten  double  mooring  bits, 
ten  single  deck  spools,  and  sixteen  deck  chocks. 

Boilers  and  Fittings. — Steam  is  provided  in  the  Cascadas  by  a 
battery  of  three  boilers  of  the  Scotch  marine  type,  arranged  so 
that  any  two  boilers  can  be  used  at  one  time,  the  third  one  being 
a  spare,  permitting  of  blowing  down  without  tying  up  the  dredge, 
this  being  an  additional  boiler  to  the  two  supplied,  respectively,  to 
the  Gamhoa  and  Paraiso.  The  boilers  are  constructed  for  a  working 
pressure  of  150  lb.  per  sq.  in.;  each  is  supplied  with  two  Morrison 
suspension  furnaces,  and  is  equipped  with  marine  pop  safety-valves, 
stop  valves,  pressure  gauges,  blow-off  cocks,  etc.  The  stack  is  double, 
and  about  50  ft.  high  above  the  tops  of  the  boilers.  One  surface 
condenser  is  supplied,  having  approximately  1  500  sq.  ft.  of  cooling 
surface,  together  with  an  independent  air  pump  and  a  10-in.  brass- 
runner,  centrifugal,  circulating  pump,  driven  by  a  separate  engine. 
One  300-h.p.,  feed-water  heater  of  the  closed  type  and  two  7  by  4^ 
by  8-in.  brass-fitted,  horizontal,  duplex,  boiler  feed-pumps  are 
provided,  also  a  similar  pair  for  general  service,  one  fresh-water, 
4 A  by  2i-in.,  horizontal  pump,  one  12  by  6  by  12-in.,  horizontal, 
duplex,  brass-fitted  pump,  and  a  bilge  pump  for  each  compart- 
ment. The  piping  system  is  very  complete,  each  line  having 
a  stop-valve  to  cut  it  off  from  the  boiler  or  main,  so  that  repairs 
can    be    made    at    any    time    without    shutting    do\^'n    the    system. 
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All  the  large  pipes  are  flanged,  and  the  steam  fittings  for  200  lb. 
pressure  and  exhaust  fittings  for  125  lb.  are  extra  heavy. 

Tanks. — There  are  four  steel  fresh-water  tanks  in  the  stern  of  the 
hull ;  two  of  30  000  gal.  capacity  are  supplied  for  boiler-feed  purposes, 
on  the  port  and  starboard  sides,  respectively.  There  is  an  8  000-gal. 
tank  on  the  port  side  for  galley  use  and  a  duplicate  tank  on  the  star- 
board side  for  ballast  and  trimming.  There  are  two  18  000-gal.  oil 
tanks  in  the  hull  forward  of  the  boiler,  one  on  each  side  of  the  dredge, 
and  two  oil-feed  pumps  are  used  to  supply  oil  to  the  boilers. 

Electric  Light  Plant. — Two  10-k.w.,  110-volt,  direct-current  gener- 
ators, each  connected  directly  to  a  vertical,  automatic  engine,  are 
provided  for  lighting  the  dredge,  operating  the  house  lights,  the  search- 
light, and  the  lights  used  in  night  dredging. 

House  and  Cabin  Construction. — The  main  deck  house  is  108  ft. 
long  and  41  it.  wide  from  the  front  end  to  Frame  48  (about  95  ft.), 
and  30.4  ft.  from  Frame  48  to  the  after  end.  The  height  is  about  17  ft. 
for  a  distance  of  18  ft.  from  the  bow  end,  and  15  ft.  throughout  the 
remaining  length.  The  upper  deck  over  the  house  is  112  ft.  long  and 
44  ft.  wide  throughout,  projecting  6  ft.  9  in.  over  the  lower  deck 
house  on  all  sides.  Quarters  are  supplied  for  11  "gold"  (white)  Amer- 
ican employees  and  57  "silver"  (colored)  employees.  Three  officers' 
staterooms  have  hot  and  cold-water  service,  one  berth  and  single  wall 
lockers.  All  other  staterooms  are  fitted  with  double,  wooden,  built-in 
berths,  with  two  drawers  and  lockers  under  each  lower  berth,  double, 
wooden  wall  lockers,  and  wash-basins  with  hot  and  cold  water.  The 
galley  and  dining-room  are  amidships,  between  the  "gold"  and 
"silver"  quarters;  in  the  latter,  thirty-eight  standee  bunks  with  canvas 
bottoms,  and  thirty-eight  sanitary  steel  lockers  are  supplied.  There 
is  also  separate  modern  bath  and  toilet  service  on  the  main  deck  for 
both  "gold"  and  "silver"  men. 

The  Hull. — The  hull  of  each  dredge  is  of  steel.  The  Cascadas  is 
144  ft.  long  over  all,  55  ft.  wide,  and  has  a  mean  depth  of  14  ft.  6  in. 
(15  ft.  6  in.  at  bow  at  center,  and  13  ft.  6  in.  at  stern  at  center),  with 
a  straight  taper  fore  and  aft.  The  deck  has  a  6-in.  camber  made 
by  straight  lines  from  the  center  to  each  side. 

Operation. — All  three  dredges  are  15-cu.  yd.  machines,  built  by 
the  Bucyrus  Company,  in  the  United  States,  and  have  been  working 
until  recently  in  Gaillard  Cut  of  the  Panama  Canal.     The  material 


Papers.]  DirPKU-DRKDGES   OX   THE  PANAMA   CANAL  973 

TABLE  1. — Monthly  Performance  op  Dredge  Gamhoa. 


Date. 


1914 

Apr 

May 

June*... 

July 

Auk 

Sept 

Oct 

Nov 

Dec 

1915 

Jan 

Feb 

Mar 

Apr 

May 

June* . . . 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

1916 

Jan 

Feb 

Mar 

Apr 

May 

June* . . . 

July 

AuK 

Sept 


Cubic  yards. 


32  805 
108  185 
123  199 
108  896 
121  850 
in  .S55 
187  060 
140  905 
166  092 


178  370 
149  554 
207  870 
168  725 
165  720 
1(18  725 
171  370 
199  425 
280  550 
249  515 
260  845 
266  470 


2.32  85.=i 
293  230 
804  006 
263  275 
271  235 
304  450 
320  190 
129  210 
150  175 


Cost  of 
operation. 


84  446.82 
7  365.53 

6  764.6S 

7  441.27 
7  002.. 58 

6  561.27 

7  377.96 

7  612.19 

8  147.08 


7  823.27 

6  308.69 

7  425.82 
7  003.25 
7  599.88 
7  075.09 

7  376.09 

8  102.46 
8  263.33 

7  610.10 

8  280.17 
8  877.27 


7  515.06 
9  1C8.0() 
9.241.50 

8  896.18 

8  638. 5*3 

9  127.41 
9  448.95 

6  221.29 

7  748.87 


Cost  of 
maintenance. 


810  798.18 
16  165.11 
24  279.25 
21  148.06 
14  772.77 
12  238.25 
9  015.69 
8  902.44 
12  997.82 


14  351.67 

8  939.04 

9  618.36 

10  593.31 

11  839.11 

11  3;i2.41 
9  421.10 

12  111.33 

8  455.81 
14  612.47 
10  431.38 

9  6^4.75 


8  590.89 
10  056.95 
10  790.25 
10  460.12 

8  996.67 
12  003.65 

9  055.02 
8  046.99 
8  288.84 


Total  cost. 


815 '245.00 
23  5.30.64 
31  043.93 
28  .589.33 
21  775.35 
18  799.52 
16  393.65 
16  553.81 
21  144.85 


22  147.94 

15  247.73 
17  068.68 

17  596.. 56 

19  438.49 

18  407.50 

16  797.19 

20  213.79 
16  719.14 
22  222.. 57 
18  711.55 
18  502.03 


16  105.45 

19  159.95 

20  031.75 
19  356.30 

17  635.23 

21  131.06 

18  .503.97 

14  267.78 

15  987.71 


July  1st,  1915,  to  July  1st,  1916. 


3  097  226 


226  586.01 


Cost 
per  yard. 


80.4647 
0.2175 
0.2.519 
0.2625 
0.1787 
0.1688 
0.1205 
0.1174 
0.1274 


0.1244 
0.1(120 
0.0821 
0.1043 
0.1173 
0.1091 
0.0980 
0.1014 
0.0596 
0.0891 
0.0717 
0.0694 


0.0692 
0.0653 
0.0695 
0.0735 
0.0650 
O.C«94 
0.0578 
0.1108 
0.1068 


Yardage  Excavated  by  Fiscal  Years. 

July  1st,  1913,  to  July  1st,  1914. 

264  189 

$69  819.57 

80.3021 

July  1st,  1914,  to  July  1st,  1915. 

1  825  122                

233  190.41 

0.1278 

0.0731 


July  1st,  1916,  to  October  1st,  1916. 


599  575 


48  759.46 


0J)713 


♦  End  of  fiscal  year. 
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TABLE  2. — Monthly  Performance  of  Dredge  Paraiso. 


Date. 

Cubic  yards. 

Cost  of 
operation. 

Cost  of 
maintenance. 

Total  cost. 

Cost 
per  yard. 

1914. 

June* 

July 

69  812 
82  208 
95  475 
105  470 
125  605 
139  916 
144  165 

176  862 
172  057 
184  030 
204  250 
184  510 
174  685 
170  060 
203  815 
220  940 
291  675 
262  925 
312  920 

195  515 
236  235 
299  155 
232  865 
806  435 
272  064 
283  930 
315  915 
268  250 

$9  002.69 

5  717.11 

6  728.67 

7  236.62 
7  380.00 
7  938.98 

7  824.00 

8  111.45 

5  617.64 

6  395.02 

7  410.48 
7  239.92 

7  880.58 

8  003.89 
8  064.34 

7  280.87 

8  859.52 

5  740.54 

9  716.54 

7  295.94 

8  710.18 

9  099.70 
8  887.67 

8  649.36 

9  115.15 

6  418.34 
9  823.62 
8  921.49 

$11  458.21 

10  221.48 
20  155.38 
17  889.63 

9  644.65 
15  110.26 
12  871.43 

11  880.86 
9  310.49 

8  740.37 

9  274.15 
10  889.73 

8  855.95 

9  970.81 
10  748.12 
10  986.89 
15  502.24 

9  198.33 

10  153.78 

8  587.49 

11  975.35 
11  323.76 
10  152.90 

10  871.43 

11  275.58 
7  192.01 

12  505.83 

9  029.42 

$20  460.90 
15  938.59 
26  884.05 
25  126.25 

17  024.65 
23  091.19 
20  195.43 

19  492.81 
13  928.13 

15  135.89 

16  694.63 

18  129.65 

16  766.53 

17  974.70 

18  812.46 

18  267.76 
22  361.76 
17  933.87 

19  870.32 

15  883.43 

20  685.53 
20  423.46 
19  040.57 

19  520.79 

20  390.73 
13  610.85 
22  829.45 
17  950.91 

$0.2931 
0.19.39 

0.2816 

Sept 

0.2382 

Oct 

0.1355 

Nov 

0.1650 

Dec 

0.1401 

1915. 

0.1102 

Feb 

0.0868 

Mar 

0.1129 

0.0817 

0.0983 

June* 

July 

0.0960 
0.1057 

Aug 

0.0923 

Sept 

0.0827 

Oct 

0.0767 

Nov 

0.0682 

Dec 

0.0685 

1916. 
Jan 

0.0812 

Feb 

0.0876 

Mar 

0.0683 

0.0819 

0.0687 

June* 

0.0749 

July 

0.0581 

0.0714 

Sept 

0.0689 

Yardage  Excavated  by  Fiscal  Years. 


July  1st,  1913,  to  July  1st,  1914  : 

69  812 

$20  460.90 

$0.2931 

July  1st,  1914,  to  July  1st,  1915  : 

1  739  228 

228  396.80 

0.1313 

July  1st,  1915,  to  July  1st,  1916  :                                                             ;    ,; 

3  004  104 

231  165.38 

0.0769 

July  1st,  1916,  to  October  1st,  1916  : 

818  095 

53  890.71 

0.0658 

*  End  of  fiscal  year. 
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TABLE  :L — Monthly  Pkrformanck  of  Dredge  Cascadas. 


Date. 


1915. 

Oct 

Nov 

Dec 

1916. 

Jan 

Feb 

Mar 

Apr 

May 

June*. . . 

July 

Aug 

Sept.,... 


Cubic  yards. 


695 
296  280 
821  065 

292  675 
33(1  6a5 
309125 
246  786 
316  7711 
286  491 
;M0  185 
208  967 
122  504 


Cost  of 
operation. 


$127.10 
9  371.94 
9  961.47 

9  054.96 
8  982.54 
8  796.89 
8  649.02 

8  848.07 

9  171. .57 
9  383.79 
8  135.09 
6  864.80 


Cost  of 
maintenance. 


810  056.25 
10  221.35 

10  769.15 
9  939.51 
10  723.06 
10  775.53 
10  818.53 
9  995.13 
10  244.25 
9  481.83 
5  367.74 


Total  cost. 


$427.10 

19  428.19 

20  182.82 

19  824.11 

18  922  05 

19  519.45 
19  424.55 
19  666  60 
19  166.70 
19  628.04 
17  616  92 
12  232.54 


Cost  per  yard. 


$0.6145 
0.0656 
0.0628 

0.0677 
9.0573 
0.0632 
0.0787 
0.0621 
0.0669 
0.0577 
0.0862 
0.0987 


Yardage  Excavated  by  Fiscal  Years. 

July  Ist,  1915,  to  July  1st,  1916. 

2  400  492 

$156  561.57 

$0.0651 

July  Ist,  1916,  to  October  1st,  1916. 

666  656 

49  477  50 

0.0742 

*  End  of  fiscal  year. 


excavated  consisted  of  hard  and  soft  rock,  to  a  depth  of  from  35  to  47 
ft.  When  the  scows  are  moored  on  the  port  side  of  the  dredge,  their 
loading  is  sometimes  handicapped  by  the  inadequate  view  obtained  by 
the  operator  while  he  works,  as  direct  vision  of  the  mid-scow  pockets  is 
obstructed  by  the  structural  frame  supporting  the  boom  and  the  port 
forward  spud;  these  pockets,  when  empty,  necessitate  the  lowering  of 
the  bucket  into  the  pocket,  so  that  the  spoil  when  dumped,  will  not 
damage  the  bottom  doors.  An  arrangement  of  an  ordinary  mirror, 
about  24  by  14  in.,  on  the  operator's  right  helps  to  a  certain  extent, 
but,  as  the  scow  in  the  view  does  not  appear  quite  natural,  the  scow 
strong  backs  suffer.  Reflecting  mirrors  could  be  arranged  to  give  a 
direct  full  view  of  the  loading  section,  thereby  enabling  quicker 
operation.  The  Gamhoa  and  Paraiso  assisted  in  raising  the  drill  barge. 
Teredo — which  was  blown  up  and  sunk  in  the  channel  at  the  foot  of 
Cucaracha  Slide  on  July  20th,  1914 — by  attaching  the  main  hoist 
cables  to  slings  and  raising  the  wreck.     Tables  1,  2,  and  3  give  the 
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yardage  of  the  respective  dredges,  Gamboa,  Paraiso,  and  Cascadas, 
and  the  material  placed  in  scows  alongside  the  dredges.  The  accom- 
panying costs  include  operation,  that  is,  wages  of  crew,  subsistence 
of  crew,  fuel,  and  lubricants,  maintenance,  that  is,  the  cost  of  keeping 
the  equipment  in  first-class  physical  condition,  and  depreciation  only. 
Extra  heavy  10-yd.  manganese-steel  dippers  were  used  on  this  work, 
the  dredges  working  continuously  in  three  8-hour  shifts,  under  the 
charge  of  the  Resident  Engineer,  W.  G.  Comber,  M.  Am.  Soc.  C.  E., 
and  the  Superintendent  of  Dredging,  Mr.  James  Macfarlane. 
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Synopsis. 

This  paper  is  based  on  an  extended  study  of  the  laws  which  govern 
the  distribution  of  stresses  in  diilerent  parts  of  a  mitering  lock-gate 
under  service  conditions.  For  reasons  mentioned  in  the  paper,  the 
problem  is  indeterminate,  so  that  the  solution  was  based  on  the  theory 
of  elastic  work. 

A  general  method  of  computation  is  first  outlined,  which  is  simple 
in  principle,  though  the  computations  are  somewhat  laborious.  It  is 
believed  to  be  more  complete  and  accurate  than  any  previously 
developed. 

An  application  to  several  of  the  lock-gates  on  the  Panama  Canal 
follows.  The  resultant  loads  which  are  sustained  by  the  different  hori- 
zontal girders  and  by  the  vertical  bracing,  are  computed  in  detail,  as 
well  as  the  pressures  exerted  by  the  gates  against  the  bottom  sills. 


*  This  paper  vrill  not  be  prfesented  for  discussion  at  any  meeting,  but  written 
communications  on  the  subject  are  invited  for  subsequent  publication  in  Proceedings 
and  with  the  paper  in  Transactions. 
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Some  practical  conclusions,  drawn  from  the  results  obtained,  are 
also  given,  as  a  guide  for  future  designs. 


General. 


Mitering  gates  have  been  used  in  canal  locks  for  several  centuries, 
and  are  still  the  preferred  form,  to  the  virtual  exclusion  of  other  types. 
In  large  modern  locks,  they  are  generally  built  of  steel,  and  are  among 
the  most  expensive  structures  used  in  hydraulic  works.  In  the  interest 
of  economy  as  well  as  safety,  therefore,  careful  designing,  based  on  a 
correct  determination  of  the  stresses,  is  a  matter  of  importance. 

The  problem  of  finding  the  stresses  in  such  gates  is  intricate,  and 
has  been  the  subject  of  much  investigation  in  the  past.  In  connection 
with  the  design  of  the  gates  for  the  Panama  Canal,  the  largest  yet 
built,  the  writer  had  occasion  to  make  a  rather  detailed  study  of  the 
subject.  It  seems  proper  to  put  on  record  some  of  the  results  obtained, 
especially  as  American  literature  on  lock-gates  is  very  scanty.  It  is 
believed  that  the  method  of  calculation  used  is  novel,  and  is  an  advance 
on  previous  practice. 

The  stresses  are  of  two  kinds,  those  due  to  the  weight  of  the  gate 
leaf,  and  those  due  to  water  pressure.  The  former  do  not  affect  the 
design  of  the  gate  seriously,  except  in  the  parts  which  serve  to  support 
it  on  the  foundation,  and  to  connect  it  to  the  anchorage  in  the  walls. 
They  are  greatest  when  the  lock  chambers  are  emptied  to  permit  of 
inspection  and  repairs.  Their  computation  is  quite  simple  when  the 
weight  of  the  metal  work  is  known. 

The  stresses  due  to  hydrostatic  pressure,  on  the  other  hand,  govern 
the  dimensions  of  the  principal  members,  as  well  as  most  of  the  sec- 
ondary parts.  The  external  loads  in  this  case,  too,  are  entirely  definite, 
as  well  as  their  points  of  application,  but  the  stresses  they  produce  are 
somewhat  indeterminate.  This  is  due,  in  large  part,  to  the  complex 
structure  of  the  leaf,  which  has  numerous  horizontal  and  vertical  mem- 
bers riveted  together  at  their  intersections  and  covered  by  a  continuous 
slieathing.  The  primary  fun6tion  of  the  different  members,  in  trans- 
ferring the  hydrostatic  load  to  the  masonry,  is  well  defined,  but  the 
rigid  connections  cause  the  deflection   and,   hence,  the  stress   in   any 
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one  member  to  depend,  not  only  on  its  direct  load,  but  also  on  other 
parts  of  the  gate. 

The  distribution  of  the  stress,  therefore,  is  complicated,  even  in 
single-leaf  gates  which  span  the  lock  at  right  angles  and  support  the 
water  pressure  by  beam  action. 

In  miter-gates,  which  act  as  arches,  there  are  further  difficulties. 
The  first  arises  from  variations  in  the  surface  of  contact  on  the  miter 
and  quoin-posts,  where  the  gates  bear  against  each  other  and  against 
the  hollow  quoin.  Especially  if  timber  bearing  pieces  are  used,  the 
exact  point  at  which  the  reaction  acts,  is  uncertain,  so  that  it  is  neces- 
sary, in  the  computations,  to  assume  it  to  have  a  considerable  deviation 
from  the  center  of  the  bearing,  in  order  to  obtain  the  maximum 
stresses. 

A  further  difficulty  arises  from  uncertainty  as  to  the  pressure 
exerted  by  the  gate  against  its  sill.  In  single-leaf  gates  this  will  not 
change  appreciably  after  the  first  adjustment  is  made.  In  miter-gates, 
however,  there  are  wide  variations  in  the  sill  reaction  at  different  times, 
with  corresponding  changes  in  the  stresses.  This  is  due  to  changes  in 
the  length  of  the  leaves  arising  from  variations  in  temperature,  wear 
in  the  contact  pieces  on  the  gate  posts  and  sills,  and  from  various 
minor  causes.  Even  with  careful  workmanship  and  fitting,  it  is 
hardly  possible  to  ascertain  the  sill  pressure  exactly,  although,  as  will 
l>e  shown  later,  it  is  feasible  to  arrive  at  limiting  values,  not  likely  to 
be  exceeded  in  practice. 

In  this  paper,  a  method  of  calculation  is  developed,  by  which  the 
sill  reaction  and  the  loads  on  the  different  horizontal  and  vertical 
girders  may  be  found  in  a  given  gate  for  an  assumed  hydrostatic  load- 
ing and  various  conditions  of  sill  contact.  After  these  loads  have  been 
fixed,  the  stresses  in  the  different  members  can  be  computed  without 
special  trouble.  The  gates  are  assumed  to  be  of  steel  and  "horizontally 
framed"  with  numerous  horizontal  girders.  In  the  gate  with  "vertical 
framing",  which  has  only  two  main  horizontals,  the  stresses  are  more 
determinate,  and  the  theory  is  much  simpler. 

The  problem,  is  first  stated  in  general  terms,  and  a  solution  is  found 
applicable  to  gates  of  varying  dimensions,  girder  spacing,  and  cross- 
sections.     It  is  then  applied  to  the  largest  and  the  smallest  of  the 
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Panama  gates.  Finally,  some  practical  conclusions  derived  from  the 
computations  are  given,  as  a  guide  in  future  designs. 

Statement  of  Prohlem. — A  mitering  lock-gate  consists  of  two  leaves, 
which  together  support  the  water  pressure  due  to  the  difference  of  head 
on  the  opposite  sides  of  the  gate. 

If  there  is  no  contact  at  the  bottom  sill  when  the  gate  is  closed  and 
mider  pressure,  the  entire  hydrostatic  load  is  transferred  by  arch  action 
to  the  side-walls.  On  the  other  hand,  if  the  leaves  bear  against  the  sill, 
the  latter  will  carry  a  part  of  the  load,  the  remainder  being,  as  before, 
supported  by  the  lock  walls. 

The  proportion  of  the  total  load  which  will  go  to  the  sill,  in  any 
given  case,  depends  on  the  structural  arrangement  of  the  gate  frame 
and  the  relative  adjustment  of  the  gate  and  sill. 

The  object  of  the  investigation  given  herewith  was  to  determine, 
for  the  Panama  lock-gates,  the  pressure  of  the  gates  against  the  sills 
for  different  adjustments,  the  distribution  of  the  loading  between  the 
several  horizontal  girders,  and  the  stresses  in  the  vertical  framing. 

Previous  Investigations. — The  determination  of  the  laws  which 
govern  the  distribution  of  loading  in  the  horizontal  and  vertical  mem- 
bers of  mitering- gates  has  been  made  the  subject  of  extended  studies 
by  several  distinguished  engineers  in  the  past. 

M.  Chevallier*  made  what  was  perhaps  the  first  study  of  this  sub- 
ject. It  included  a  series  of  tests  with  wooden  models.  The  conclu- 
sions he  drew  from  his  experiments,  as  to  the  interaction  of  horizontal 
and  vertical  members  in  gate  leaves,  are  in  entire  accordance  with  sub- 
sequent investigations,  and  of  much  interest  even  now.  He  gave  no 
general  formulas  or  rules  applicable  to  the  large  gates  of  modern  times. 

In  1867,  M.  Lavoinnef  published  a  mathematical  investigation 
covering  the  same  subject.  Hi^  method  is  very  complicated,  although 
applicable  only  to  gates  having  equal  horizontals  spaced  at  equal  ver- 
tical distances.  Owing  to  these  assumptions,  and  for  other  reasons, 
Lavoinne's  formulas  are  not  applicable  to  large  modern  gates,  in  which 
the  cross-section  and  spacing  vary  from  the  top  to  the  bottom  of 
the  leaf. 

*  Annales  des  Fonts  et  Chaussees  for  1850. 
t  Annales  des  Fonts  et  Chaussees. 
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In  18.S7.  M.  Galliot*  preseuted  a  now  niathematical  study,  making 
practically  the  t^anic  assumptions  as  Lavoinue,  but  attaining  somewhat 
simpler  results. 

In  his'  treatise  on  "Mitering  Lock  Gates",  published  in  1892,  First 
Lieut,  (now  Brig. -Gen.)  II.  F.  Hodges,  U.  S.  A.,  gave  a  discussion  on 
vertical  I'raming  on  a  somewhat  dilferent  basis,  and  deduced  valuable 
rules  for  its  practical  dimensioning. 

Method  of  Calculation  Used  in  the  Present  Investigation. — The 
method  herewith  presented  was  developed  by  the  writer. in  a  less  perfect 
form,  in  1899,  in  a  study  on  lock-gates  made  for  the  Board  of  Engineers 
on  Deep  Waterways. 

The  solution  is  based  on  the  well-known  ''method  of  least  work." 
It  takes  account  of  irregular  spacing  in  the  horizontal  girders,  as  well 
as  of  variations  in  their  cross-sections,  and  considers  the  cross-bending 
as  well  4is  the  direct  compression  in  the  girders.  In  case  timber  is  used 
for  cushions  at  the  miter  and  quoin  posts,  or  at  the  sill,  the  formulas 
obtained  can  easily  be  modified,  so  as  to  allow  for  the  difference  of 
material. 

Although  the  method  is  correct  in  theory,  the  unavoidable  lack  of 
homogeneity  in  the  steel,  the  difficulty  of  determining  the  vertical  and 
horizontal  rigidity  of  the  leaf  exactly,  still  more  the  uncertainty  as  to 
the  relative  adjustment  of  the  gate  leaves  and  the  sill,  prevent  a  very 
close  determination  of  the  actual  stresses. 

It  is  believed,  however,  that  the  results  obtained  are  reliable  within 
reasonable  limits,  and  will  prove  of  much  use  in  analyzing  the  strength 
and  stiffness  of  existing  gates  or  proposed  designs.  It  should  be  added 
that  the  formulas  when  applied  to  the  gates  of  the  Poe  Lock,  at  Sault 
Ste.  Marie,  gave  results  agreeing  quite  closely  with  deflection  measure- 
ments made  by  the  writer. 

Like  most  applications  of  the  elastic  theory  to  complex  structures, 
the  method  of  least  work  cannot  precede,  but  must  follow  the  complete 
design.  In  other  words,  it  is  necessary  to  adopt  a  detailed  arrangement 
of  all  parts  and  afterward  determine  the  distribution  of  the  stresses  in 
the  different  members. 

Ejfect  of  Vertical  Stiffness. — A  gate  leaf  consisting  only  of  a  cer- 
tain number  of  horizontal  girders  and  an  absolutely  flexible  sheathing 
would  have  no  vertical  stiffness.     Such  a  gate  would  transfer  no  load 

•  Annales  dea  Fonts  et  Chaussees. 
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to  the  sill,  except  the  water  pressure  which  acts  on  the  lower  half  of  the 
bottom  panel  and  is  carried  directly  to  the  sill  by  the  sheathing.  Each 
horizontal  girder  would  support  simply  the  load  which  corresponds  to 
the  hydrostatic  head  due  to  its  position. 

In  practice  it  is  impossible  and  undesirable  to  build  a  gate  without 
vertical  rigidity.  The  sheathing,  combined  with  the  quoin  and  miter 
posts  and  the  intermediate  vertical  brace  frames  and  intercostals,  forms 
a  vertical  girder  of  considerable  strength.  By  its  resistance  to  bend- 
ing, this  girder  modifies  the  loads  on  the  different  horizontals,  making 
them  greater  or  less  than  those  corresponding  to  the  hydrostatic  pres- 
sure. As  a  rule,  the  vertical  girder  transfers  a  part  of  the  total  water 
pressure  to  the  sill. 

For  purposes  of  calculation,  the  leaf  is  taken  as  consisting  of  a 
horizontal  and  a  vertical  system  of  girders  crossing  each  other  at  right 
angles.  The  horizontal  system  consists  of  the  several  main  girders  or 
arches,  spaced  as  they  are  in  actual  construction.  The  vertical  system 
is  assumed  to  be  equivalent  to  a  single  girder  extending  continuously 
over  the  whole  length  of  the  leaf  from  the  quoin  to  the  miter  post.  Its 
flanges  are  formed  by  the  gate  sheathing,  and  its  web  is  equivalent  in 
total  cross-section  to  the  web  plates  in  the  several  vertical  frames  and 
end  posts.  This  simplification  is  justified  by  the  close  spacing  of  the 
vertical  frames  and  intercostals,  which  prevents  the  skin  plates  from 
buckling. 

Sill  Contact. — In  case  there  is  no  contact  at  the  sill,  even  when  full 
water  pressure  acts,  the  entire  load,  of  course,  will  be  carried  by  the 
horizontal  arches  to  the  side-walls. 

If,  in  such  a  gate,  all  the  horizontals  are  proportioned  to  support 
the  hydrostatic  head  with  exactly  the  same  unit  stresses  in  the  steel, 
they  will  all  have  exactly  the  same  deformations  under  load.  There 
will  be  no  bending  stress  in  the  vertical  girder,  so  that  it  will  remain 
straight,  even  after  the  gate  is  supporting  the  water  pressure.  The 
loads  on  the  several  horizontals  will  be  those  corresponding  to  their 
hydrostatic  head. 

In  practice,  the  horizontals  near  the  top  are  always  stronger  than 
theory  requires,  in-  order  to  ensure  increased  safety  against  accidental 
blows  and  to  avoid  the  use  of  unduly  small  rolled  shapes.  It  is  also 
hardly  possible  to  design  all  the  other  horizontals  so  that  they  shall 
sustain  exactly  the  same  unit  stresses.     There  will  always  be  some 
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variation,  therefore,  in  the  deflections  of  the  different  horizontal  girders. 
This  will  produce  a  tendency  to  hend  the  vertical  girder  which  is 
rigidly  connected  to  the  horizontals,  and  its  resistance  to  hending,  in 
turn,  will  affect  the  deflections  and  modify  the  loads  of  the  horizontal 
frames. 

However,  the  effect  of  vertical  rigidity,  when  there  is  no  sill  contact, 
will  be  very  small,  except  at  the  extreme  top  of  the  leaf. 

The  case  of  "no  contact"  should  always  be  provided  for  in  the 
design,  for,  from  various  causes,  it  is  likely  to  occur  in  all  mitering 
lock-gates  as  either  a  temporary  or  permanent  condition. 

In  ordinary  cases  there  will  always  be  a  greater  or  less  reaction  at 
the  sill.  If  the  water  on  the  up-stream  side  extends  to  the  top  of  the 
gate,  and  there  is  no  lower  pool,  the  greatest  sill  pressure  theoretically 
possible  would  be  equal  to  two-thirds  of  the  total  load  supported  by  the 
gate.  This  maximum  can  only  occur  when  the  adjustment  is  so  inac- 
curate that,  even  with  continuous  contact  along  the  sill,  the  two  leaves 
will  touch  only  at  the  very  top  of  the  miter  posts,  even  when  the  gate 
is  subjected  to  the  full  head  of  water.  This  is  an  extreme  case  which 
would  seriously  overstrain  the  gate,  and  can  be  avoided  by  ordinary  care 
in  adjusting  the  leaves  and  sill. 

A  much  smaller  reaction  may  be  counted  on  as  a  practical  maximum. 
It  seems  quite  lafe  to  assume  what  is  sometimes  called  ''perfect  con- 
tact", that  is,  continuous  contact  along  the  quoin  and  miter  posts  and 
also  along  the  sill  when  the  gate  is  closed,  but  before  it  is  subjected  to 
water  pressure. 

With  both  timber  and  metallic  bearings,  the  actual  conditions  will 
probably  correspond  to  lower  sill  pressures,  as  there  will  rarely  be 
absolute  sill  contact  in  the  dry. 

Therefore,  two  conditions  of  adjustment  at  the  sill  were  considered 
in  the  computations: 

(1)  Xo  contact  at  the  sill,  even  with  full  head; 

(2)  Simultaneous  contact  at  the  sill,  miter,  and  quoin  posts,  before 
the  water  pressure  is  applied. 

Let  Fig.  1  represent  the  vertical  section  and  Fig.  2  the  plan  of  a 
gate  leaf,  of  length,  L,  consisting  of  (n  +  1)  horizontal  arches  and 
a  continuous  vertical  girder,  the  stiffness  of  which  is  assumed  to  be 
uniformly  distributed  over  the  length  of  the  leaf.     The  sheathing  is 
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supposed  to  carry  the  water  pressure  directly  to  the  horizontals,  and 
the  connections  to  be  such  as  to  permit  the  transference  of  horizontal 
reactions  between  the  arches  and  the  vertical  girder  at  their  inter-- 
sections.  Let  the  magnitude  of  these  reactions  be  denoted  by 
X^,  X^,  .  .  .  .  X,i  per  linear  horizontal  unit  of  leaf.  They  will  be 
both  positive  and  negative  in  direction,  and  will  act  normally  against 
the  arches  exactly  as  water  pressure  does. 

If,  further,  P^,  P^,  .  .  .  .  P„,  are  the  direct  water  loads  on  the 
several    arches   i)er   linear   unit,    their   resultant   total   loads   will   be: 

{P,  +  Z,)  L  (P,  +  X,)  L  .  .  .  .  (P„  +  ZJ  L. 

With  no  contact  at  the  sill,  all  these  loads  are  carried  by  arch  action 
to  the  hollow  quoins ;  but,  ff  the  lowest  arch  bears  against  an  absolutely 
fixed  sill,  that  arch  will  carry  no  load  to  the  side-wall,  and  (P„  +  Z„)  L 
will  become  the  sill  reaction. 
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Fig.  1.  Fig.  2. 

In  any  case  the  only  forces  acting  on  the  vertical  girder  will  be  the 
transverse  loads,  v    t 

Zq  L/,  Aj^  1j,  .  .  .  Z,(  Li. 

The  static  conditions  of  equilibrium  as  applied  to  this  girder  give 
only  two  equations: 

^X  =  X,+X,  +  .  .   .   .  X^_,  +  X,=  0 (1) 

2  Jf  =  X,   \  +  X,  (h^  -h,)  +  ...  X„_i  (h^  -  h„_,)  =  0...  .(2) 

for  determining  the  values  of  Z^  .    .    .  Z„,  although  there  are  always 
at  least  three  such  unknown  quantities. 
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Similarly,  if  the  gate  as  a  whole  is  considered,  the  reactions  of  the 
horizontals  against  the  side-walls  are  indeterminate,  as  their  number 
is  in  excess  of  the  number  of  equations  which  can  be  obtained  from 
static  conditions. 

The  stresses  in  indeterminate  structures  of  this  kind,  however,  can 
be  found  by  an  application  of  the  method  of  least  work.  The  principle 
on  which  this  depends  may  be  briefly  explained  as  follows : 

If  a  perfectly  elastic  structure  is  subjected  to  external  forces,  the 
fibers  in  its  i)arts  will  be  deformed  until  a  new  condition  of  equilibrium 
is  reached.  The  work  done  in  this  deformation  (the  internal  work  or 
elastic  potential)  will  always  be  equal  in  amount  to  the  external  work, 
that  is,  the  work  done  by  the  external  forces. 

By  the  principle  of  least  work,  the  reactions  and  internal  stresses 
corresponding  to  the  new  condition  of  equilibrium,  in  addition  to  being 
consistent  with  the  statical  equations,  must  be  such  as  will  make  the 
total  internal  work  done  by  the  structure,  in  passing  from  its  original 
to  its  new  condition,  a  minimum. 

This  principle  is  sometimes  derived  from  the  theory  of  virtual  dis- 
placements, but  may  almost  be  considered  axiomatic,  representing  the 
theory  of  equilibrium  in  its  most  general  form  as  applied  to  elastic 
solids. 

The  application  of  the  method  of  least  work  to  this  problem  consists 
in  stating  the  work  of  internal  deformation  in  terms  of  the  known 
external  loads  and  the  indeterminate  quantities  X^,  X^  .  .  .  X,„  and 
finding  those  values  of.  the  latter,  which,  besides  satisfying  the  static 
Equations  (1)  and  (2),  will  give  a  minimum  value  for  the  total  internal 
work  done,  while  the  gate  passes  f/om  a  condition  of  no  stress  to  that 
in  which  the  full  water  pressure  is  supix)rted. 

The  internal  work  in  the  whole  leaf  will  consist  of  the  following 
parts : 

(1)  That  due  to  arch  action   in  the  horizontal  girders,  involving 
generally  both  direct  compression  and  cross-bending;  and 

(2)  The  work  of  bending  the  vertical  girder. 

The  work  done  as  the  result  of  the  shearing  stresses  in  the  arches 
and  the  stresses  in  the  web  members  of  the  vertical  girder,  being  rela- 
tively quite  small,  may  be  neglected. 
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The  bending  in  the  horizontal  girders  is  due  to  the  eccentricity 
of  the  line  of  pressures  or  resultants  with  reference  to  the  center  of 
gravity  at  the  different  cross-sections.  For  arches  with  continuous 
curvature  this  eccentricity  is  quite  small,  but  occurs  to  some  extent 
in  all  gates. 

If  U}i  =  the  internal  work  in  the  horizontal,  and  Z7„  that  in  the 
vertical  girders,  then, 

TJ  =  Ui,  -f-  U^  is  the  total  internal  work. 

For  any  elastic  solid  under  purely  axial  stress  (that  is,  direct  com- 
pression or  tension),  the  work  of  deformation  will  be: 

''■-Iybf'" (^> 

and,  for  one  subject  to  cross-bending  only  (beam  action), 

/»L         J^2 

''^  =  IteT" <^> 

in  which  equations: 

L  =  the  total  length  of  the  member ; 
F  and  I  =  the  cross-sections  and  moments  of  inertia  at  any  point ; 

E  =  the  modulus  of  elasticity ;  and, 
T  and  M  =  the  total  axial  force  and  bending  moment  at  any  cross- 
section. 

From  Equations  (3)  and  (4)  a  general  expression  for  the  work 
equation  for  all  parts  of  a  mitering  lock-gate  (such  as  is  shown  in  Fig. 
1)  may  be  written : 

In  this  equation,  m  corresponds  to  any  horizontal  arch  and  also  to 
the  panel  of  the  vertical  girder  just  above  the  arch  so  denoted.  The 
axial  thrust  and  bending  moment  at  any  point  in  a  horizontal  are 
represented  by  T^  and  Mj^^,  respectively;  and  ilfi„„  is  the  bending 
moment  at  any  point  in  the  vertical  girder.  The  first  two  terms 
give  Ufi  (work  in  all  horizontal  arches),  the  integration  being  for  the 
length   of   each   individual   arch   and   the   summation   to    include   the 
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(n  -f-  1)  diiforont  arches.  The  last  term  f?ivos  U^  (work  in  vortical 
jiirder),  the  iiitegratiou  being  for  each  separate  panel,  while  the  sum- 
mation includes  all  of  th^ni. 

The  cross-sections,  F,n,  and  the  moments  of  inertia,  7;,^  are  the 
average  values  for  any  given  arch,  and  I^-m  is  taken  as  uniform  for  any 
given  panel  of  the  vertical  girder. 

As  will  be  shown  later,  T^,  J^hm,  and  il/,.„„  and,  hence,  U  (Equation 
5)  may  be  readily  expressed  in  terms  of  the  indeterminates,  X^  .  ,.  .  X,„ 
and  the  known  quantities.  If,  in  the  resulting  equation,  the  condition 
of  statical  equilibrium  is  introduced  by  putting,  for  X„  and  A'„_,,  their 
values  in  terms  of  the  other  (n  —  1)  variables  (using  Equations  1  and 
2),  C  will  be  expressed  as  a  function  of  A",,  .   .   .  Xj^_.,. 

Differentiating  under  the  integral  sign,  we  readily  obtain  the 
(n  —  1)  partial  derivatives  required  for  finding  those  values  of  X 
which,  consistent  with  statical  equilibrium,  will  make  the  elastic  poten- 
tial a  minimum.    Using  the  same  notation  as  before,  they  will  be: 


S  U 
6~X 


m=  n 


+ 


/ 


^    T    d  T 

0     E  F^8Xq 


--rftf^:"'] 


m  —  \ 


0    L_ 
w  =  Jl 


--rtt^"'"] 


3/.....  5  31,. 


ni  —  I 


sx, 


'^dy  =  0 


8  U 
SX„    . 


;fT'oUo^^'nSX^_,       ^J,  EI,,JX,_,     J 


+ 


m  =  n     ^ , 


m  =  1 


E  7„„,  S  X^  _  2 


dy  =  0 


.(6) 


In  Equations  (G)  the  first  two  terms  correspond  to  the  work  done  in 
the  horizontal  arches,  and  the  last  term  to  that  in  the  vertical  girder, 
so  that  these  equations  arc  of  the  form: 


su_su      du„^^ 

d  X       SX        6X 


(') 
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The  direct  thrust,  T,  in  a  lock-gate  is  nearly  constant  throughout 
the  length  of  the  leaf  for  any  given  horizontal  girder,  and  may  be 
expressed  very  simply. 

If  r  =  the  radius  of  a  circle  vuhich  passes  through  the  centers  of 
bearings  at  the  quoin  and  miter  posts  when  the  gate  is 
closed;  (Fig.  2)  and 
P  =  the  load  per  linear  unit  on  the  horizontal  girder ;  then 
T  =  P  r. 

For  any  horizontal  frame,  m,  in  a  gate,  therefore,  we  can  write, 

Tn,=   {P,n  +  XJr (8) 

Also,  if  e„,  is  the  mean  eccentricity  of  the  resultant  in  the  horizontal 
girder,  m,  that  is,  the  average  distance  between  the  line  of  pressures 
and  the  center  of  gravity  of  the  cross-section,  we  can  also  write, 

Mn,n  =  emT„,  =  (P^  -^  X^)  e,^  r (9) 

The  first  two  terms  in  Equations  (6),  which  correspond  to  the  work 
in  the  horizontal  arches,  therefore,  may  be  written  in  the  form: 


sx       ^^E  Lf,„7  i^„\J„  ax  '•   ' 

Similarly,  the  last  term  of  Equations  ((3)  and  (7),  corresponding  to 
work  in  the  vertical  girder,  may  be  easily  expressed  as  follows  : 

Let  M^^  be  the  bending  moment  in  any  point  at  any  panel,  m,  and 
let  the  distance  of  this  point  below  the  panel  point  next  above  =:  y.  We 
can  then  write, 

Kn  =  L[(K  -  1  +  .V)  A^o  +  (K-i-h,A-  y)  X,  + 
.     .     .     +  {h,„  _  ,  —  h,„  _  2  +  ?/)  A'„,  _  2  +  2/  A„,  _  ,] (11) 

The  partial  derivatives  will  be, 

V^=  ^ (^u -1  +  y)^  ^yy;=^  C'.-i  -  h  +  y) 

^   Km  T 

S  A'     _  , 


(12) 
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That  portion  of  the  last  term  in  Equations  (6)  which  corresponds 
to  the  work  in  Panels  (1)  to  (n  —  1)  will  then  be  given  by  the  follow- 
ing expression : 

m  =  n  —  1 

^  HI   =  1 

»i  =  n  —  1 

m  —  1 

+  {K~r  (K„-i-  K)  <>„,  +  (2  /i„,_i  -  h,yf  +  ^'  [x, 

and  there  will  be  similar  forms  corresponding  to  the  other  variables, 
X,     .     .     .     A'„_,. 

The  part  of  the  last  term  of  Equations  (6)  corresponding  to  the 
work  in  the  bottom  jianel  must  be  obtained  in  a  somewhat  different 
way,  as  it  is  necessary  to  express  Xn  and  X„_^  in  terms  of  X^  .  .  .  Xn_n- 

Let  z  =^  the  distance  of  any  point  in  the  panel  from  the  bottom 
of  the  gate;  then  we  can  w^rite: 

M^,n  =  L  Z  Xn 

From  Equations  (1)  and  (2),  if  we  take  moments  about  the  girder, 
(n  -  1), 

n    ^ 
+   *.       .       .       (/l„_,—  \_2)  A'„_2|. 

hence, 


+     •     •     .     (hn-,-K-.^X^_,[ (13) 


for  which  Ave  readily  derive, 


£ 


EI,„SX,       3EI^_^ 

+      .     .     .     /'„_,(/^„_^-^_,)A'„_,] (14) 

which  represents  the  term  corresponding  to  work  m  the  bottom  panel  of 
tlie    vertical   girder.     AVe    can   readily    obtain    similar   forms    when  A" 


A"^  -  2  ^^^  t^*^  variables. 
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General  Equations  of  Condition. — Combining  Equations  (10),  (12), 

and  (13),  and  omitting  the  common  factor,  — ,  we  have  the  following 

general  equations. 

With  Xq  as  the  independent  variable  : 

wi  —  n 


»i  =  0 
m  =  n  —  1  2  3 

ni  =  \ 

2  3 

+  ^  iK-x  -\  +  K-1  (K - 1  -  h)  ^Y, 

'^       vn 

and  with  Xj  as  the  independent  variable: 
s  U        r<^  r  1     .    ej  -^    r"-  (Pm  +  ^J  s  (Pr.  +  -^J 


X,       ^  Vf,J  h,JJo 


K..(lo) 


8X, 


d  I 


m  =  n  ^  I 


+  L'  ^^  r  ]  K,_,  (/^„-i  -  fh)  a,„ 

m  =  1 

2  3 

(/i„_i-/i,_2)A'„_2]  =  0 
and  equations  of  similar  form  for  A'j  .   .   .  X„_2  as  independent  variables. 
By  making  the  proper  substitutions  and  summations  in  Equations 
(15),  the  (n  —  2)  simultaneous  equations  may  be  written,  and  from 
these,  the  values,  X^  to  X^^i,  are  readily  found. 
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Application  of  Formulas  to  Gates  of  the  Panama  Canal. 

77^-Foot  Gate. — The  general  arrangement  of  the  gate  leaf  is  shown 
on  Plate  IX  and  the  photograph.  Fig.  3,  which  represents  a  somewhat 
lower  gate  before  the  sheathing  is  attached. 
The  principal  dimensions  are  as  follows: 
Clear  width  of  lock  =  110  ft. ; 
Height  of  gate  =  77  ft.  6  in.  from  top  of  coping  to  center  of  bottom 

girder; 
Central  thickness  =  7  ft.  0  in.; 
Shape  of  gate:  straight-backed. 
There  are  sixteen  horizontals,   the   spacing  of  which  is  shown   on 
Plate  IX  and  Fig.  1  of  Plate  X,  and  is  tabulated  subsequently. 

The  cross-sections,  moments  of  inertia,  and  eccentricities  of  lines 
of  pressures,  which  are  shown  on  Fig.  1,  Plate  X,  and  are  also  given 
later,  are  mean  values  for  each  of  the  horizontal  arches.  The  moments 
of  inertia  for  the  vertical  girder  are  calculated  from  the  skin  thickness 
of  each  panel  and  the  average  depth  of  the  girder.  If  ^^  and  t^  are  the 
thicknesses  of  the  up-stream  and  down-stream  sheathing,  and  (i,  and  do 
their  distances  from  the  center  of  gravity  of  the  cross-sections  of  the 
girder,  the  moment  of  inertia  is  given  by  the  expression : 

/,  =  L(t^  d,^-  +  t,  d,^). 
Summarized,  the  data  are  as  follows: 
Length  of  leaf,  L  =  787  in., 
Radius  of  line -of  pressures,  r  =  880  in.    (See  Plate  X,  Fig.  5.) 

Horizontal  Arches. — Mean  cross-sections: 

Fq  =F^  =  F,  =  Fg =  100  sq.  in. 

F^  =F =120    "     " 

4  o 

F.  =F.  =F, '.....=  140    "    " 

o  i  Id 

Fg  =  Fg    =164    "     " 

F    =F    =F    =F    =F  =200    "    " 

Mean  moments  of  inertia : 

I^  =1,   =Io  =/3   =120  000  in.* 

It  =1^   =  140  000    '' 

7g  =7,  =  7j,  =  15G  000    " 

7s  =7g   =167  000    " 

L^=T,=L^  =  L^  =  I =100000    " 
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Mean  eccentricity  of  line  of  pressure : 

^0     ^  ^1     ^=  ^2     ^  ^3       

.  .  =  26  in. 

e.   =  e     

..  =21    " 

4              "^5      

.  .  =  16    " 

6                 7              ^15      

e„   =e„    

.  .  =  13    " 

S                 9 
^10  ^  ^11  ^^  ^12  ^^  ^13  ^=  ^14      

..=11    '' 

Vertical  Girder. — Moments  of  inertia: 

7,   =7,  =7,    

.  .  =  1 100  000  in." 

12                 3 

7    =7 

.  .  =  1 180  000    " 

4              -^5      

7,  =L   

.  .  =  1  240  000    " 

6                 7 

.  .  =  1  400  000    " 

8                  9                  10                11        

7„=7 

.  .  =  1  580  000    " 

12           ^13       

7,,  =  r-  

. .  =  1  720  000    " 

14                15 

Vertical  Panels. — 

a,  =  a„  =  a^  =  a. 

.  .  =  66  in. 

12                3                4 
«5  =  «6  =  «7  =  «8  =  S  =  «10  =  « 

11  =60    " 

(Z  „  =  a.  „  ^=  ffi. .  =  ft,  _    

.  .  =  54    " 

12               13               14           "^15       

Heights. — 

h^==    66  in.               /(g  =384  in. 

h^^  =  684:  in. 

/^  =  132    "                 h,   =444    " 

h,,  =  n8    " 

/(.^  =  198    "                 /is   =504    " 

/i,3  =  792    - 

/i^  =  264    "                 /ig   =564    " 

/;,^^  =  846     " 

/i,  =  324    "                /),n  =  624    " 

/(_  =  900    " 

Water  Pressure. — The  water  is  assumed  to  extend  to  the  top  of 
the  coping  on  the  up-stream  side  of  the  gate,  with  a  pool  9  ft.  6  in.  deep 
below.  Fig.  1,  Plate  X,  shows  the  total  water  pressure  and  Fig.  2, 
Column  C,  of  that  plate,  the  load  per  linear  foot  on  each  horizontal 
arch. 

Reduced  to  the  linear  inch  of  girder,  these  values  are: 

Po  =   73.34  lb.  p^  =    768.25  lb.  p^^  =  1  419.35  lb. 

p,  =  229.15    "  P6=     898.45    "  p^,  =  1  467.9      " 

P2  =  386.67    "  p^  =  1028.65    "  p^^  =^  l  500 

^3  =  544.13    "  Ps  =  1158.9      "  p,3  =  1580.7      " 

p^=  665.38    "  P9  =  1289.        "  p,^  =  1593.75    " 

p,=    796.87    " 
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The  conditions  of  static  equilibrium,  as  applied  to  the  vertical 
girder,  become:  ''     ^    "     ' 

x,,  =  ~(x,  +  x\  +  X,  +  A'3  +  X,  +  X,  4-  X,  +  z,  +  X, 

+  Z, +  A\,  +  X„  +  A\3  +  A\,  +  A\J (10) 

and, 

Z,,  =  —   47  (900  Zo  +  834  X,  +  TCS  Z,  +  702  X^  +  G36  Z,  + 

576  Zj  +  51G  A',  +  456  Z,  +  396  Z,  +  336  Z^  +  276  X,^ 
+  216  Z„  +  162  A\,  +  108  X^^) 
whence, 

Zi^  =  —  (16.66  A'o  +  15.44  A\  +  14.22  Z,  +  13  Z^  +  11.78  Z,  + 
10.67  Z',  4-  9.56  A'e  +  8.44  Z^  +  T.33  Zg  +  6.22  X^  + 

5.11  Zjo  +  4  A\,  +  3  A\,  +  2  Z,,) (17) 

and, 

X^.  =  +  15.66  X^  +  14.44  A\  +  13.22  Z'^  +  12  X^  +  10.78  Z^  + 
9.67  A^.  +  8.56  Z^  +  7.44  Z,  +  6.33  Z^  +  5.22  Z^  +  4.11  Z.^ 

4-3Z,, +  2Z,, +  Z,3..' (18) 

In  order  to  introduce  the  static  conditions  of  equilibrium,  the  values 
of  X^^  and  Z^g  in  terms  of  Zq  .  .  .  Z^g,  as  given  in  Equations  (17)  and 
(18),  will  be  used  as  shown  below. 

The  resulting  simultaneous  equations  of  condition,  corresponding  to 

=  0; =  0,    etc.,   will  then    be  reduced   to    fourteen,    with 

5  X,  S  X, 

X^  .  .   .  A'j3  as  variables. 

Work  of  Horizontal  Arches. 
The  first  terms  of  Equations  (15)  correspond  to  the  total  work  of 
the  horizontals. 

Each    arch  must    be   taken   up  separately,  and   the   values   of   the 

expression,  r'  (^  +  ^)     ^  (P„,  +  Z,„)  '^  ^^"t/^"'^  cl  I  obtained, 

taking  X    .   .   .  Zj^,  successively  as  variables.    It  may  be  convenient  to 
represent  this    expression    generally  by   the   symbol  II.     Its  values  for 
tlie  separate  arches  and  variables  will  be  the  following  : 
Arch  0: 


Xq  as  variable 


If  =  12  106   f\F,  +  A,)  ^(f^'+^y^i  ^  10  10,;  (P^  +  X,)  L 
Jo  ^  -\ 

=  12  106  (78.34  +  A',)  L  =  (12  106  A'^  +  948  3s4)  L 
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X,  as  variable  : 

and,  similarly,  we   should   find   that  if  =  0  when  X.^  .  .   .  X^^  are  the 

variables. 

Arch  1: 

A'.,  as  variable  : 

/-i  S  (P.  +  X,)  cl  I       ^ 

H  =  12  106     /     (Pi  +  X,)  \         ''        =  0 

Jo  °  "^0 

A'l  as  variable  : 

H=12  106    r  (Pj  +  Xi)  ^  ^^^  '^^^'^  "^  ^  =  12  106  (229.15  +  X,)  L 
Jo  ^  -^1 

=  (12  106  Xi  +  2  774  090)  L. 

For  A^2  •   •   •  -^"^135  H  =0. 

In  like  manner,  for  the  arches,  3,  4   .   .  .  1.3,  H  will  =  0  for  every 

variable  but  one  in  the  case  of  each  arch.     There   will  be    a  significant 

value,  however,  in  the  case  of  each  arch  for  the   one  variable  which  has 

the  same  number  as  the  arch  in  question. 

/I         e"^  \      f^  (P  +  X) 

These  values  of  Jf  =  rM  -  +  -    )    /      (P  +  X)  ^ — - — -  d  I 
^^         h  ^  Jo  X 

will   be  the  following  : 

Arcli     O.—X^    as  independent  variable;  TL  =  12  106  X^    +  948  384 

"         if  =  12  106  Z,    +  2  774  090 

"                    "         ^  =  12  106  Z^    +  4  681 027 

"                    "         5  =  12  106  Z3    +  6  587  238 

"                     «          ^  =     8  892  X^    +  5  916  559 

"                    "         if  =     8  892  X^    +  6  831 279 

"         iJ  =     6  802  Zg    +  6  111  257 

"                    "5=6  802  Z,    +  6  996  877 

"         il  =     5  477  Zg    -f  6  347  295 

"         if  =     5  477  Zg    +  7  059  853 

''                    "         H  =    4: 365  Z\o  +  6 195  463 

"                    "         H  =    4: 365  Z^^  -f  6  407  383 

"          if  =     4  365  Z,2  +  6  547  500 
"                    "         H  =    4: 365  Z,3  +  6  899  755 
ylrc/i  i^. — For  this  arch,  the  general  form  of  H  will  be 

H  =  4  3«r,  £  (P„  +  ,Y„)  '^'^»  +  -^"">  ill 
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Substituting  for  A\^  its  value  from  Equation  (17),  we  have 

H  =  4  ;305  f    (1  r)!»;3.75  —  1().GG  A'^    .    .    .    _  2  A',.,) 

-— <S  (1  5!K5.7o  —  in.r.G  X^     .     .     .     —2  A^.,)     d  I. 

For  the  different  indepeiulent  variables,  we  have  then  total  values 
for  //: 
X^  as  variable: 

H  =  iZ65  (—  16.GG)  (1  593.75  —  16.66  Z^  ...  —  2  Z.g)  L  = 
(—  115  898  930  +  1  211  500  X^  +  1 122  800  Z,  +  1  034  000  A'^ 
+  945  370  Z3  +  856  650  Z^  +  775  900  Z.  +  694  920  A'^ 
+  614  100  Z,  +  533  330  Z^  +  452  500  Z^  +  371  700  Z.^ 
+  290  883  A\,  +  218  163  Z,,  +  145  400  X^^)  L 

A'j  as  variable: 

//  =  4  365  (—  15.44)  (1593.75  —  16.66  Z^  ...  —  2  Z.g)  L  = 
(—  107  411  700  +  1 122  800  Z^  +  1  040  590  X^  +  958  400  Z^ 
+  876  140  Z3  +  793  920  Z^  +  719  110  Zg  +  644  030  Zg 
+  569  090  Z-  -f  494  280  Zg  +  419  330  Zg  +  344  460  Z.^, 
+  269  580  Zj,  -f  202  190  Z,,  +  134  790  X^^)  L 

and  similar  expressions  when  the  differentiation  is  made  with  reference 
to  the  other  independent  variables,  X^  •   .   •  A'jg. 

These  values  are  not  copied  out  in  full,  as  the  work  is  very 
voluminous.  Similarly,  the  method  is  only  indicated  in  the  case  of 
Arch  15. 

Arch  15. — For  this  the  general  expression  for  H  is: 

H  =  6  S02y^'  (P,  +  Z„)  '  ^'^''.^''''^  '^  I 

r^                              5  (796.87  + A",)    ,  , 
=  6  S02    /     (79G.87  +  A„)  -^ ^  J     '''  d  I. 

If  we  substitute  for  Z^^  the  value  from  Equation   (18),  we  have 

H  =  (!S02  /*  (79G.87    +    15. GG    A'^   +    14.44    A',    +    13.22    A^., 
»^  0 
+  12   Z3  +  10.78   X^  +   9.G7  A"^  +  S..-)G  A'g  +  7.44   A''^ 

+  G.33  Zg  +  5.22  Xg  +  4.11  A,„  +  3  X,^  +  2  X,„  +  A',3) 

r^  (71)6.87  +  ir,.GG  X,     .     .     .     X,,)  ^^^ 

6  X 
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which,  for  the  different  independent  variables,  becomes: 

A'q  as  variable : 

ir=6  802  (15.G6)  (796.87  +  15.66  Xq  •  •  •  -^'13)  ^  =  (84  918  190 
+  1  669  518  Xq  +  1  539  272  X,  +  1  409  026  X'._,  +  1  278  780  X3 
4-  1 148  534  X^  +  1  030  128  X^  +  911  723  X,,  +  793  317  X, 
+  674  912  Xg  +  556  506  2',  +  438  101  X.^  +  319  695  X,, 
4-  213  130  X,2  +  106  565  X\^)  L 

and  similar  expressions  when  the  differentiation  is  made  with  reference 

to  the  other  independent  variables,  X"^  .    .   .  X'^g. 

Vertical  Girder. 

The  second  term  of  Equations  (15)  gives  that  part  of  the  final  equa- 
tions due  to  the  work  in  the  vertical  girder.  If  this  term,  for  con- 
venience, is  called  V,  its  value  for  the  several  panels  and  variables  will 
be  the  following: 

Panel  1. — Xq  as  variable: 

7  =  0.0871  L2  Xq 
and  the  values  for  the  other  variables  vanish. 
Panel  2. — X'^  as  variable: 

V  =  +  0.6097  L"-  X,  +  0.2175  L-  X, 
X^  as  variable: 

T^  =  0.2175  L2  x^  +  0.0871  L^  X\ 
the  values  for  the  other  variables  being  equal  to  0. 

Pansls  3-15. — The  corresiDonding  expressions  for  the  remaining 
panels  of  the  vertical  girder  will  be  of  the  same  general  form  as  those 
deduced  for  the  first  two  panels. 

In  obtaining  the  value  of  V  for  the  bottom  panel  (15)  the  variable, 
X,  was,  of  course,  expressed  in  terms  of  X'q  .    .   .  X^^ 

Method  of  Obtaining  Final  Equations. 

The  final  equations  are  obtained  from  the  values  for  H  and  for  V 
above  by  adding  all  the  terms  which  correspond  to  the  same  independent 
variable,  X^,  X^  .  .   .  X'^3,  and  equating  them  to  zero. 

In  the  case  of  no  contact  at  the  sill,  the  values  of  H  for  the  bottom 
girder  (15)  must  be  included,  as  this  girder  then  carries  the  full  load 
which  comes  on  it. 

For  perfect  contact,  the  bottom  girder  does  no  work  as  an  arch,  and 
hence  the  IPs,  for  this  girder  must  be  omitted. 
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If  the  contact  is  such  that  the  bottom  girder  does  some  work  in  arch 
action,  a  portion  of  its  H's  may  be  counted.  In  other  respects,  tlie 
method  of  calculation  is  independent  of  the  degree  of  sill  contact. 

It  should  be  noted  that  L  (the  length  of  the  leaf,  787  in.)  enters 
all  values  of  H  in  the  first  power  and  those  of  V  in  the  second.  By 
dividing  the  final  equations  by  L,  it  will  be  eliminated  from  the  // 
terms,  but  will  remain  in  the  first  power  in  those  corresponding  to  V. 

From  their  method  of  derivation,  the  resulting  final  equations 
should  be  symmetrical  as  to  coefiicients,  and,  in  the  equations  for 
the  solution  of  the  problem,  an  average  has  been  used  whore  two 
coefficients  which  should  be  identical  have  differed  by  a  slight  amount. 
There  have  been  no  large  discrepancies,  proving  to  a  considerable  extent 
the  accuracy  of  the  work. 

Only  five  significant  figures  were  retained. 

Final  Equations  of  Conditions. — The  final  equations,  as  thus  ob- 
tained, are  the  following: 

(Case  A). — No  Contact  at  Sill. 
Xq  as  variable: 

3  007  500  Zq   +   2  762  700   X^    +  2  530  200  Z„   +   2  298  200   2% 
+  2  066  800  Z^  +  1  856  900  Zg  +  1  647  600  Z^  +  1  439  300  1% 
+  1  232  100  Zg  +  1  025  700  Z^  -f  820  580  X,^  +  616  660  .Y,, 
+  434  260  Zi2  +  252  900  X\.^  —  30  032  300  =  0. 
Z^  as  variable: 

2  762  700  Zo   +   2  561000   Z,    +   2  335  100  Z.   +   2  121400   Z, 
+  1  908  200  Z^  +  1  714  800  Z^  +  1  521  700  Zg  +  1  329  500  Z, 
+  1 138  200  Z's  +  947  700  Z^  +  758  250  Z,^  +  569  920  Z^, 
+  401420  .Y,2  +  233  890  X^^  —  26  344  200  =  0. 
Zj  as  variable: 

2  530  200  Zq   +   2  335  100   Z,    +   2  151900  Z.   +   1944  600  X^ 
+  1  749  600  Z^  +  1  572  600  Z,  +  1  395  800  Z,  +  1  219  700  X. 
+  1  044  400  Z„  +  869  700  Z^  +  695  950  Z.^  +  523  170  Z„ 
+  368  580  Zj,  +  214  860  X^„  —  22  574  900  =  0. 
Z3  as  variable: 

2  298  200  Zo  +  2  121400  Z,  +  1944  600  Z^  +  1780  000  X^ 
+  1  591  000  Z^  +  1  430  400  Z,  +  1  269  900  Z„  +  1 109  900  X. 
+  950  550  Zg  +  791700  Z,  +  633  630  Zj^  +  476  420  X., 
+  335  730  Z,2  +  195  S20  Z^,  —  18  806  300  =  0. 
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X^   as  variable : 

2  066  800  Zq  +  1908  200  X^  +  1749  000  Z„  +  1591000  X^ 
+  1  441  400  X^  +  1  288  300  A'^  +  1  144  000  X^  +  1  000  100  Z, 
+  856  700  Z,  +  'J'13  680  Z„  +  571  330  Z^^  +  429  690  Z^, 
4-  302  890  Z^,  +  176  790  X^^  —  17  614  700  =  0. 

Z.  as  variable: 

1856  900  Zq  +  1714  800  Z\  +  1572  600  Z,  +  1430  400  X^ 
+  1  288  300  Z^  +  1 167  800  Z,  +  1  029  500  Z,,  +  900  250  Z. 
-f  771  370  Zg  +  642  750  Z^  +  514  660  .Y^^  -f  387  180  Z,, 
+  273  010  Z,2  +  159  470  Z^g  —  15  000  500  =  0. 

Z„  as  variable: 

6 

1647  600  X^  +  1521700  Z^  +  1395  800  Z,  +  1269  900  X^ 
+  1 144  000  Z^  -f  1  029  500  Z,  -f  921  620  Z,,  +  800  250  X^ 
+  685  900  Zg  +  571700  Z^  +  457  910  Z,^  +  344  600  .Y^, 
+  243  110  Zj,  +  142  120  Zj„  —  13  993  300  =  0. 

Z^  as  variable : 

1  439  300  Zq  +  1  329  500  A\  +  1  219  700  Z,  +  1 109  900  Zg 
+  1  000  100  Z^  +  900  250  Z^  +  800  250  X^  +  707  130  Z^ 
+  600  490  Zg  +  500  700  Zg  -j-  401200  Z^^  +  302  050  A'.^ 
+  213  200  Zj3  +  124  790  Z,,  —  11394  500  =  0. 

Zg  as  variable: 

1232  100  Zq  +  1138  200  A\  +  1044  400  Z,  +  950  550  A'^ 
+  856  700  Z^  -f  771370  Z^  +  685  900  Z^  +  600  490  Z, 
+  520  620  Zg  +  429  760  Zg  +  344  530  Z.^  +  259  540  A^^ 
+  183  340  Zj2  +  107  470  X^^  —  10  344  600  =  0. 

A'g  as  variable: 

1  025  700  Zq  -f  947  700  A\  +  869  700  Z,  +  791  700  A',  +  713  680  A\ 
+  642  750  Z,  +  571700  Z^  +  500  700  Z,  +  429  760  Zg 
+  364  240  Zg  +  287  820  Z.^  +  217  000  A\,  +  153  440  A'^, 
-f  90  138  Z,3  —  7  918  740  =  0. 

A'jQ  as  variable: 

820  580  Zq  +  758  250  A\  -f  095  950  A^^  +  633  630  A',  -f  571  330  Z, 
4-  514  660  Zg  +  457  910  Z^  +  401200  Z,  -f  344  530  A'g 
+  287  820  Zg  +  235  500  A'^^  +  174  470  A\,  +  123  560  Z^, 
-|-  72  819  A'j3  —  7  076  810  =  0. 
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A'jj  as  variable: 

616  660  Xq  +  5G9  920  X\  -\-  523  170  X,  +  476  420  X^  +  429  690  X^ 
+  387180  A',  +  344  000  A'„  +  302  050  Z,  +  259  540  Zg 
+  217  000  A'g  +  174  470  X^^  +  136  310  A'„  +  93  679  Z,^ 
+  55  495  A\3  —  5  158  560  =  0. 

A'j„  as  variable: 

434  260  A'o  +  401  420  A\  +  368  580  Z,  +  335  730  Zg  +  302  890  Z^ 
+  273  010  Zj  +  243  110  Z^  +  213  200  Z,  +  183  340  Zg 
+  153  440  A'g  +  123  560  X,,  -f  93  679  A'„  +  71149  X,^ 
+  39  902  A\3  —  3  482  040  =  0. 

Zj3  as  variable: 

252  900  Zo  +  233  890  A\  +  214  860  X^  +  195  820  Z3  +  176  790  Z^ 
+  159  470  X.  +  142  120  Zg  +  124  790  Z,  +  107  470  Zg 
+  90138  Zg  +  72  819  X,^  +  55  495  Z,,  +  39  902  Z^, 
-f  28  675  A'j3  —  1  593  370  =  0. 

The  nietliod  used  for  solving  these  equations  is  given  in  the  Appen- 
dix. The  values  obtained  were  the  following: 

A'o  =  4- 154.60  Z.=  — 94.82  Z,o  =  4- 90.18 

Zj  =  +    69.59  Z6  =  -|- 21.62  Z,,  =  + 33.31 

X„  =  —   26.30  Z,=  — 82.31  Zi2  =  — 11.51 

Z3=— 127.50  Z3  =  + 37.81  Z,3  =  +T0.62 

A'^  =  —    36.99  A",  =  —  84.21 

and,  from  Equations  (21)  and  (22), 

Z,,  =  — 135.1 

14 

X,.  =  +  121.0 

These  values  are  in  pounds  per  linear  inch  of  horizontal  arch.  In 
Fig.  3  (B),  of  Plate  X,  they  are  given  per  linear  foot.  Here,  as  in  all 
other  cases  when  X  is  positive,  the  vertical  girder  presses  against  the 
horizontals  in  a  down-stream  direction. 

(Case  B).— Perfect  Contact  at  Sill 
A'q  as  variable : 

1  338  000  Zo  +  1  223  000  Z^  +  1  121  000  Z,  +  1  019  000  Z3 
+  918  300  Z,  +  826  800  Z^  +  735  900  "z,  +  646  000  X, 
+  557  200  Z,  +  469  200  Zg  +  382  500  X,^  +  297  000  X,, 
-f  221 100  A',„  +  146  300  Z^  —  115  000  000  =  0. 
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X^  as  variable : 

1223  000  Zo  +  1142  000  Z,  +  1036  000  Z^  +  942  400  X^ 
+  849  300  Z,  +  765  000  Z^  +  681100  Z^  +  598100  Z, 
+  516  000  Zg  +  434  600  Z,  +  354  300  X^^  +  275  200  Z,, 
+  204  900  Zj,  +  135  600  Z^g  —  104  600  000  =  0. 

Zg  as  variable: 

1 121  000  Z^+  1  036  000  Z,+  962  800  X^+  865  400  Z3+  780  300  Z^ 
+  703  200  Z5  +  626  300  Zg  +  550  200  Z,  -f-  474  800  Zg 
+  400  000  Zg  +  326  200  Z.^  +  253  400  Z,^  +  188  700  Z,, 
4-  124  900  Z,3  —  94  240  000,  =  0. 

Zg  as  variable: 

1  019  000  Zq  +  942  400  Z^  +  865  400  Z^  +  800  500  Z3  +  711  300  Z, 
+  641400  Z.  +  571600  Zg  +  502  300  Z,  +  433  600  Zg 
+  365  400  Zg  +  298  100  X^^  +  231  500  Z^,  -f  172  500  Z,, 
+  114  200  Z^3  —  83  850  000  =  0. 

Z^  as  variable: 

918  300  Zq  +  849  300  Z,  +  780  300  X^  +  711  300  Z3  +  651  200  Z, 
+  579  600  Z5  +  516  800  Zg  +  454  300  X^  +  392  400  Zg 
+  330  800  Zg  +  269  900  Z.^  +  209  800  Z^,  +  156  300  Z^, 
+  103  500  Z,3  —  76  030  000  =  0. 

Zg  as  variable :  * 

826  800  Zq  +  765  000  Z^  +  703  700  Z„  +  641  400  Z3  +  579  600  Z^ 

+  532  200  Z5  +  466  900  Z^  +  410  800  Z^  +  354  900  Zg 

+  299  400  Zg  +  244  300  Z.^  +  189  900  Z,^  +  141500  Z^, 

+  93  720  Zj3  —  67  400  000  ^  0. 

Zg  as  variable : 

735  900  Zg  +  681 100  Z^  +  626  300  Z,  +  571  600  Z3  +  516  800  Z, 
+  466  900  Zg  +  423  700  Z^  +  367  000  .Y_  +  317  300  X^ 
+  267  800  Zg  +  218  700  Z,g  +  170  000  A\,  +  120  700  Z^^ 
+  83  930  Z^3  —  .60  370  000  =  0. 

Z^  as  variable :  ■> 

646  000  Zg  +  598  100  Z,  +  550  200  Z^  +  502  300  Z3  +  454  300  Z^ 
+  410  800  Zg  +  367  000  Zg  +  330  200  Z,  +  279  800  Zg 
+  236  300  Zg  +  193  000  Z,g  +  150  100  Z„  +  111  900  X^^ 
+  74  150  Z^3  —  51  750  000  =  0. 
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A'g  as  variable : 

557  200  X\  +  510  000  A\  +  474  800  A'„  +  433  GOO  A',  +  392  400  A'^ 
+  354  900  a;,  +  317  300  A',,  +  279  800  X.  +  247  800  X^ 
-f  204  800  1\  +  1G7  400  A',^,  +  130  300  X^^  +  97  ISO  X^„ 
4-  C.4  400  A'j3  —  44  670  000  =  0. 

A'g  as  variable : 

469  200  A'„  +  434  GOO  X,  +  400  000  X^  +  365  400  Z,  +  330  800  X^ 
+  299  400  a;,  +  2G7  800  A',,  +  236  300  A%  +  204  800  Zg 
+  178  700  Zg  +  141800  Z,„  +  110  400  Z,^  +  82  400  Z^, 
+  54  620  Z,3  —  36  220  000  =  0. 

A'^Q  as  variable: 

382  500  Zp  +  354  300  Z,  +  326  200  A',  +  298  100  X^  +  269  900  Z^ 
+  244  300  Zg  +  218  700  Z^  +  193  000  Z,  +  167  400  Zg 
+  141800  Zg  +  120  500  X,^  +  90  580  X,,  +  67  630  Z,^ 
+  44  850  Zi3  —  29  360  000  =  0. 

X^^  as  variable: 

297  000  Zo  -f  275  200  Z,  +  253  400  Z^  +  231  500  X^  +  209  800  Z^ 
+  189  900  Z.  +  170  000  A^,  +  150100  Z,  +  130  300  Zg 
+  110  400  Zg  +  90  580  Z^^  +  75  090  Z,,  +  52  870  Z^, 
+  35  090  Z,3  —  21  420  000  =  0. 

A'^2  as  variable : 

221 100  Zq  +  204  900  A\  -f  188  700  Z^  +  172  500  X^  +  156  300  Z^ 
-f  141500  Z.  +  126  700  Z^  +  111900  Z_  +  97180  Zg 
-f  82  400  Zg  +  67  630  X^^  +  52  870  A",,  +  43  940  Z^, 
+  26  300  Zi3  —  14  320  000  =  0. 

A'^3  as  variable : 

146  300  Z„  +  135  600  Z^  +  124  900  Z^  +  114  200  Z3  +  103  500  Z^ 
+  93  720  X.  +  83  930  Zg  +  74150  X.  -f  64  400  Zg 
+  54  620  Zg  +  44  850  A^^  +  35  090  A\,  +  26  300  Z^^ 
+  21  870  Z,3  —  7  014  000  =  0. 

The  values  of  the  variables  in  these  equations  are : 


A'o  =  + 156.10 

Z.=—   22.82 

Z,o  =  +    37.12 

Z,  =  +    81.23 

Zg  =  + 124.1 

Z,,=  — 198.5 

Z^  =  -f-     0.2828 

Z,  =  +    14.93 

A'i3  =  — 4G0.7 

Z3=—   87.82 

Zg  =  + 135.9 

Z,3  =  - 837.5 

A'  =-f   27.67 

A'  =—    38.78 
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and,  substituting  in  Equations  (21)  and  (22), 

Z,^  =  — 1208.0 
X,5  =  +  2  276.0 
all  these  values  being  pounds  per  linear  inch.     In  Fig.  3  (A),  oi  Plate 
X,  these  values  are  given  in  pounds  per  linear  foot. 

JfO^-Foot  Gate. — This  gate  consists  of  the  nine  panels  of  the  77i-ft. 
gate  which  are  nearest  the  top,  but  the  bottom  girder,  (9),  is  somewhat 
modified,  so  that  F^  =  120  sq.  in.;  7g  =  140  000  in.*;  e^  =  21  in.;  and 
Pg  =  622.8  lb.  per  lin.  in. 
The  static  equations  for  equilibrium  give: 

X\  =  -  (9.4  X,  +  8.3  X,  +  7.2  Z,  +  6.1  X^  +  5  X,  +  4  X, 

+  3  Z,  +  2  A\) 
Zg  =  +  (5.4  X,  +  7.3  Z\  +  6.2  Z,  +  5.1  X^   +  4  Z,  +  3  X, 
+  2  Z,  +  Z\) 
The  equations  of  conditions  become: 

{Case  A).— No  Contact  at  Sill. 

1 152  900  Zq  +  996  270  Z\  +  851  980  Z^^  +  'J'OS  100  -^3  +  564  850  Z, 

+  435  260  Z5  +  306  440  X^  +  178  480  Z^  —  12  197  513  =  0. 
996  270  Zq  +  882  620  Z^  +  744  830  X^   +  619  360  X^   +  494  280  Z^ 

+  381  050  Zg  +  268  440  Z^  +  156  550  Z\  —  9  481  511  =  0. 
851  980  Zq  +  744  830  A\  +  649  790  Z,  +  530  590  Z3  +  423  710  Z, 

+  326  850  Z.  +  230  440  X^  +  134  610  Z,  —  6  684  281  =  0. 
708  100  Z,^  +  619  360  Z,  +  530  590  Z,  +  453  960  X^   -f  353  120  Z^ 

+  272  640  Z'g  +  192  440  Zg  +  112  660  Z,  —  3  887  777  =  0. 
564  850  X^  +  494  280  Z\  +  423  710  X^   +  353  120  Z3  +  291  460  Z^ 

+  218  430  Z5  +  154  440  Z^  +  90  720  Z,  —  3  668  164  =  0. 
435  260  Z„  +  381  050  Z,  +  326  850  Z,  +  272  640  Z3  +  218  430  Z^ 

+  178  040  X.  +  119  890  Z^  +  70  775  Z^  —  1  944  087  =  0. 
306  440  Zq  +  268  440  Z^  +  230  440  Z,  +  192  440  Z3  -f-  154  440  Z, 

+  119  890  Zg  +  92  153  .Y^  +  50  828  Z,  —  1  854  752  =  0. 
178  480  Zo  +  156  550  Z\  +  134  610  Z^  -f  112  660  Z3  +  90  720  X^ 

+  70  750  X.   +  50  828  Z^  +  37  683  Z,  —  159  775  =  0. 

The  values  of  the  variables  become: 
Zo  =  + 148.71    Z3  =  — 139.92    Zg  =  +  9.32    Zg  =  + 147.72 
Z^  =  -f  61.24    X^  =  —    53.57    Z,=— 82.38 
X^  =  —    36.48    Zg^^  — 110.26    Zg  =  + 55.72 
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(Case  B).— Perfect  Contact  at  Sill. 

525  440  A'„  +  451  010  A\   +  388  880  Z,,  +  327  170  Z.,  -f  266  080  Z, 

+  211 180  Z5  +  157  050  Z',  +  103  790  Z,  —  58  716  000  =  0. 
451  010  X^   +  408  770  Z,  +  342  380  Z,  +  288  310  Z^  +  234  630  Z, 

+  186  320  Z,  +  138  620  Z,  +  91  640  X,  —  49  938  000  =  0. 
388  880  Z'o  +  342  380  Z,  +  307  990  Z^  +  249  430  Z,  +  203  190  Z, 

+  161  460  Z,  +  120  180  Z^  +  79  476  Z,  —  41  019  000  =  0. 
327  170  X^  +  288  310  .Y^  +  249  430  Z^  +  222  680  X^   +  171  730  Z, 

+  136  590  Z,  +  101  740  X^  -f  67  314  Z,  —  32  131  000  =  0  . 
266  080  X^  +  234  630  Z^  +  203  190  Z,  +  171  730  Z,  +  149  180  Z, 

+  111  720  Z,  +  83  305  Z",  +  55  154  Z,  —  25  820  000  =  0. 
211 180  X^   +  186  320  Z^  +  161  460  Z,  +  136  590  Z,  +  111  720  Z^ 

+  98  020  Z.  +  66  544  Zg  +  44  099  Z,  —  18  558  000  =  0. 
157  050  Zq  +  138  620  Z^  +  120  180  Z,  +  101  740  X^   +  83  305  Z, 

+  66  544  X.   +  56  585  Zg  +  33  044  Z,  —  12  931  000  =  0. 
103  790  A',  +  91640  Z^  +  79  476  Z^  +  67  314  Z3  +  55  154  Z, 

+  44  099  Z,  +  33  044  Z^  +  28  791  Z,  —  5  697  700  =  0. 


The  values  of  the  variables  become : 


Z,  =  + 310.1 

Z3=—  96.30 

Z,,  =  — 301.4 

A\  =  +  184.4 

Z^  =  —  74.07 

Z,=— 593.4 

.1',  =  +  52.4 

X.  =  —  225.5 

Z,  =  — 871.9 

Z'  =  +  1  615.6 


Discussion  of  Results. 

The  values  of  the  variables,  X^,  X^,  etc.,  previously  obtained,  give 
the  reactions  between  the  horizontal  and  vertical  girders  for  the  two 
gates  and  different  conditions  of  sill  contact,  and  (Pq  -|-  Zq),  (P^  -}-  Z^), 
etc.,  are  the  resultant  girder  loads  per  linear  unit  of  leaf.  Plate  X 
gives  these  results  in  grai)hic  form  for  the  77  ft.  6-in.  and  49  ft.  6-in. 
gates,  respectively. 

On  this  plate.  Figs.  1  and  6  show  cross-sections  of  the  leaf  with  its 
dimensions,  moments  of  inertia,  etc.,  also  the  total  water  pressure  acting 
against  the  gate,  and  Figs.  3  and  8  give  the  reactions  between  the  hori- 
zontals and  the  vertical  girder,  in  pounds  per  linear  foot  of  gate  leaf,  B 
being  for  no  contact  and  A  for  perfect  contact  at  sill. 

Figs.  2  and  7  of  Plate  X  give  the  resultant  loads  per  linear  foot  on 
the   different    horizontals    for   the   three   different   cases:      A,   vertical 
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stilfness  and  perfect  sill  contact;  B,  vertical  stiilness  but  no  sill  con- 
tact; and  C,  no  vertical  stiffness  at  all. 

Figs.  4  and  9  of  Plate  X  show  tlie  deflections  of  the  miter  posts,  that 
is,  the  distance  they  move  dowia  stream  parallel  with  the  axis  of  the  lock 
for  the. three  cases  just  mentioned.  These  last  curves  are  in  general 
agreement  with  those  showing  the  resultant  girder  loads. 

Loads  on  Horizontals. — The  curves  show  that,  with  no  contact  at  the 
sill,  the  values  of  X  (reactions  of  vertical  against  horizontal  girders) 
are  quite  small,  so  that,  except  at  the  very  top,  the  deviations  from  a 
purely  hydrostatic  loading  are  inconsiderable  and  due  to  accidental 
causes.  With  "perfect"  contact,  the  girders  in  the  lower  portion  of  the 
leaf  (from  one-third  to  one-half  the  height)  were  relieved  of  a  large  part 
of  their  hydrostatic  load,  the  horizontals  higher  up  receiving  a  propor- 
tionately greater  loading.  The  girders  closest  to  the  top  showed,  in 
all  cases,  the  largest  proportional  increase.  In  the  77  ft.  6-in.  gate, 
there  was  also  an  increase  for  the  horizontals  in  the  middle  third  of  the 
height.  As  a  whole,  however,  the  effect  of  the  vertical  stiffness  was 
decidedly  greater  for  the  49  ft.  6-in.  gate. 

•    In  proportioning  the  Panama  gates,  it  was  decided  to  use  a  load 
corresponding  to  a  head  of  20  ft.  for  all  girders  Avithin  20  ft.  of  the  top. 
For  those  lower,  down,  the  hydrostatic  head  was  taken,  but,  in  gates* 
more  than  75  ft.  high,  the  girders  in  the  middle  third  of  the  height  had 
tliis  load  increased  by  from  5  to  10  per  cent. 

For  smaller  gates,  the  effect  of  vertical  stiffness  would  probably  be 
greater  than  for  the  very  high  and  rather  thin  Panama  gates. 

There  is  no  reason,  however,  to  doubt  that  the  common  assumption 
of  hydrostatic  loading,  except  for  a  few  girders  near  the  top,  will  give 
safe  results.  In  the  lower  part  of  the  leaf,  the  stresses  in  actual  service 
will  generally  be  quite  small  in  a  gate  designed  for  the  hydrostatic 
head,  as  it  is  very  probable  that  there  will  be  some  contact  at  the  sill. 
However,  the  increase  in  cost  involved,  is  not  great,  and  in  any  event 
the  miter  gate  will  weigh  much  less  than  any  form  of  caisson  or 
single-leaf  gate. 

Reaction  of  Gate  Against  Sill. — For  the  case  of  no  contact,  the 
reaction,  of  course,  is  equal  to  zero.  For  "perfect  contact",  the  sill 
pressure  is  equal  to  the  end  reaction,  X,,  at  the  bottom  of  the  vertical 
girder  plus  the  direct  water  load,  P,  on  the  lowest  arch. 
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These  values  for  the  two  yates  arc  as  follows:   (See  Figs.  2  and  7 

of  Plate  X). 

For  the  77  ft.  0-in.  gate, 

1-2  (Z',5  +  A',.)  =  ll.-)(;0  +  27  322  =  3(1  8«2  lb.  per  lin.  ft. 

30  8."^2 

or,  :; =  IS). 4%  of  the  total  load  of  the  crate. 

1S4  S7o 

For  the  49  ft.  G-in.  gate, 

12  (Pg  +  X,.,)  r=  7  474  +  10  :!S7  =  20  8.-.7  lb.  per  lin.  ft. 

20  857 

or,  =  35.1%  of  the  total  load. 

76  505 

It  will  be  noted  that  the  total  sill  reaction  is  proportionately 
greater  for  the  lower  gate. 

In  case  there  is  some  elastic  movement  of  the  sill  under  pressure, 
the  sill  reaction  and  also  the  loads  on  horizontals  and  the  deflections 
will  be  values  intermediate  between  Cases  A  and  B. 

As  stated  previously,  it  is  believed  that  Case  J.  is  a  sufficient 
maximum. 

For  small  locks  it  is  not  unusual  to  make  the  masonry  sill  strong- 
enough  to  withstand  the  theoretical  maximum  of  GOg^  of  the  total 
water  pressure  acting  against  the  gate.  For  the  large  proportions  at 
Panama,  it  would  have  been  difficult  to  make  the  sill  walls  strong 
enough  to  carry  this  maximum,  and  it  seemed  entirely  unnecessary. 
It  was  deemed  quite  safe  to  assume  a  pressure  of  50  000  lb.  per  lin.  ft. 
of  sill  or  about  one-quarter  of  the  whole  load  on  the  gate. 

Stresses  in  the  Vertical  Bracing. — This  bracing  corresponds  to  the 
vertical  girder  in  the  computations,  the  loads  acting  on  it  being  the 
forces,  Xq,  X^,  etc.,  applied  transversely  at  distances  corresponding  to 
the  spacing  of  the  horizontal  girders. 

The  chord  stresses  are  readily  obtained  from  the  values  shown  on 
Plate  X.  The  unit  stresses  were  found  to  be  not  more  than  4  500  lb. 
per  sq.  in.  in  any  part  of  the  bracing. 

The  shears  for  proportioning  the  web  thickness  and  the  rivet 
comiections  were  obtained  in  a  similar  manner  from  the  transverse 
forces,  Xq,  Z,,  eto. 
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APPENDIX 


Method  for  the  SoLUxioisf  of  Simultaneous  Equations. 

For  the  solution  of  simultaneous  equations  of  the  first  degree,  the 
method  originated  by  the  celebrated  astronomer,  Gauss,  is  probably 
the  best  for  practical  use  in  the  engineer's  office.  The  solution  by 
determinants  is  theoretically  attractive,  but  its  application  is  not 
satisfactory.  Graphical  methods  are  the  best  in  some  cases,  but  can 
hanhy  be  used  where  the  coefficients  of  the  different  variables  diifer 
widely  in  magnitude,  and  where  a  high  degree  of  accuracy  is  required. 
Gauss'  method  in  a  simple  form  may  be  stated  as  follows: 
Given,  say,  three  simultaneous  equations  of  the  form: 

ax-\-'by-\-cz-\-m  =  0 vl) 

h  X  -i-  d  1/  -^  e  z-\-  n  =  0 (2) 

cx^ey  +  fz  +  p  =  0 (3) 

to  find  the  values  of  x,  y,  and  z. 
From  Equation  (1),  we  obtain: 

h  y  -\-  c  z  -\-  m 


X  = 

a 


and  substituting  in  Equations  (2)  and  (3),  we  have: 

(„_±6),  +  (e_  Ic  ).+  („- I  »)    =0....(2.) 

0-vO*  +  (-'"7,-O^+("-T"')  =»••■•(••'') 

which  may  be  written, 

d,  y  +  e,z  +  n,  =  0  (2^) 

e,  y  +  /i  z+2h=0  (3^) 

In  these  two  equations  the  coefficients  are  the  same  as  in  Equations 
(2)  and  (3),  with  a  subscript  added. 

From  Equations  (2^)  and  (3^,  we  have,  in  the  same  way, 

(■'■■-t'.)-'+0''-i-)='' <•''' 

which  may  be  written, 

/o  z  +  p.  =  0 (32) 

7) 

From  Equation  (3^),  we   obtain  tlie  value    of  z  = r,  and  the 

value   of   X   and   y   by   substituting   in   the   first   and   second   sets   of 
equations. 

By  writing  the  equation  in  tabular  form,  the  relation  of  the  suc- 
cessive coefficients  is  made  clearer,  and  a  valuable  check  on  the  arith- 
metical work  is  obtained  at  each  step. 
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TABLE  1. 


10U9 


Kqiiation  (1). 
Einiatiou  {2). 
Equiition  (3). 


y 


a  4-  b  -\-  c  -{-  m 

b  +  d  -j-  e  4-  n 


TABLE  2. 


Equation  (2i). 
Equation  (3i). 


Pi 


TABLE  3. 


Equation  (32). 


/2 


On  examining  Equations  (20  and  (30,  it  will  be  seen  that  the 
coefficients.  c?i,  e^,  etc.,  are  always  of  the  form, 

in  which, 

T^the  corresponding  coefficient  in  Equations   (2)  and  (3).  that 

is,    the    coefficient    of    the    same    variable,    omitting    the 

subscript ; 
U^the  coefficient  in  the  top  horizontal  line,  that  is.  in   Equation 

(1)  vertically  above  T; 
T  =  the  last  coefficient  to  the  left  in  the  same  horizontal  line  with 

T;  and 
II  =  the  coefficient  of  x  in  the  top  row. 

The  values  of  q,  r,  and  s,  in  the  last  column  of  Table  1  are  written 
down  by  simply  adding  the  preceding  coefficients  in  each  horizontal 
row. 

In  Tables  2  and  3,  r,,  s,,  .9,  like  the  coefficients,   d^,  e^,  n^,  etc.,  are 

obtained  by  the  fornuila,  T -—  ,  previously  given. 

The  check  consists  in  adding  up  each  horizontal  line;  the  last  term 
should  be  equal  to  the  sum  of  the  preceding  ones,  that  is,  for  instance, 
s  should  equal  e^  -\-  f^  -\-  Py 
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Numerical  Example. 

482.5  X  4-  348.4  y  +  238.G  z  +  140.7  u  —  48  915  =  0 
348.4  X  +  280.5  y  +  186.0  z  +  111.4  u  —  37  167  =  0 

238.6  X  +  186.0  y  +  146.9  z  -^    82.0  m  —  24  484  =  0 

140.7  X  +  111.4  y  +     S2.0  z  +    66.0  u  —  11  760  =  0 

TABLE  4. 


x 

!/ 

s 

u 



482.5 
348.4 
238.6 
140.7 

348.4 
280.5 
186.0 
111.4 

238.6 
186.0 
146.9 

82.0 

140.7 
111.4 
82.0 
66.0 

—  48  915 

—  37  167 

—  24  484 

—  11  760 

—  47  704.8 

—  36  240.1 

—  23  380.5 

—  11  359.9 

TABLE  5. 


y 

z 

u 

28.92 

13.70 

9.80 

13.70 
28.90 
12.42 

9.80 
12.42 
24.97 

-  1  847 

—  296 
+  2  503 

—  1  794.5 

—  2  410.0 
+  2  550.1 

TABLE  6. 


22.41 

7.78 


7.78 
21.65 


+      579 
+  3  128. 


4-      609.2 
-j-  3  158.3 


TABLE  7. 


18.95 


+  2  927.9 


-(-  2  946.84 


The  coefficients  for  the  first  equation  in  Table  5,  will  be, 

280.6  -?iM^M:i  =  28.92 

48-2.5 

238 . 6  X  348 .  4 

180.0  —       •  =  13.70 

4S2.0 

m.4  _llHili!Li  =   9.80 

482.5 

482.5 
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and.  as  a  check,  the  last  term 

47  704.8  X  .'US. 4  \ 

<-*'""•' 452:5 — )  =  -i-'-'^-5 

which  slioiild  and  does  equal  the  sum  of  the  preceding  terms. 

The  roots  are  a;  =  -f-  58,  .2/  =  +  103,  z  ^  -\-  27,  and  m  =  —  154. 

The  computations  were  carried  out  mainly  with  the  use  of  the 
•well-known  cylindrical  slide-rule  of  Edwin  Thacher,  M.  Am.  Soc.  C.  E., 
and  the  "Millionaire"  multiplying  machine. 

Althougli  such  operations  are  necessarily  somewhat  tedious,  the 
set  of  equations  containing  fovu'teen  variables  was  solved  by  two 
computers  in  less  than  15  hours  of  actual  work. 
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Synopsis. 
The  object  of  this  paper  is  to  call  attention  to  the  utility  of  air 
tanks  on  long  pipe  lines  and  to  some  of  their  practical  disadvantages, 
to  formulate  the  theoretical  principles  involved,  and  to  derive  simple 
formulas  which  may  be  used  as  a  guide  to  determine  their  safe 
dimensions. 

The  contents  of  this  paper  may  be  briefly  classified  as  follows: 
Formulas  for  air  tank  design ; 
Derivation  of  formulas ; 

Practical  questions  of  design  and  operation;  and 
Numerical  examples. 

Conclusions. — Although  there  is  a  general  idea  that  air  tanks  are 
not  successful  for  regulating  purposes  on  pipe  lines,  and  that  their 
design  is  a  matter  of  great  uncertainty,  it  can  be  shown  that,  if 
properly  built,  they  are  of  great  practical  value  in  improving  regula- 
tion and  preventing  water-hammer,  and  their  design  is  simple  and 
based  on  fundamental  laws. 


The  literature  on  the  design  of  air  tanks  on  pipe  lines  for  water- 
wheel  regulation  is  very  limited.  This  is,  perhaps,  due  to  two  causes: 
first,  because  of  a  general  belief  that  the  problem  is  so  complex  as 
to  need  a  difficult  mathematical  solution  by  calculus;  second,  because 

•  This  paper  will  not  be  presented  for  discussion  at  any  meeting  of  the  Society, 
but  written  communications  on  the  subject  are  invited  for  subsequent  publication  in 
Proceedings,  and  with  the  paper  in  Transactions. 
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of  a  popular  idea  that,  in  order  to  be  effective,  the  air  tank  must  be 
so  hirge  as  to  be  prohibitive  in  cost.  Neither  of  these,  however,  is  true. 
The  design  of  such  a  tank  is  simple,  and  comparatively  small  tanks 
are  in  commercial  operation  on  pipe  lines,  and  have  greatly  improved 
the  regulation  and  reduced  the  trouble  from  water-hammer. 

For  the  sake  of  convenience  the  formulas  are  given  first,  the 
assumptions  used  in  their  derivation  are  then  listed,  and  finally  they 
are  derived  from  Newton's  second  law  of  motion  and  the  physical 
laws  governing  the  expansion  and  compression  of  air. 


Fj  =  Velocity  in  pipe  before  load  change. 
T'..=  Velocity  in  pipe  after  load  change. 


Fig.  1. 

^lore  complicated  formulas  are  appended  which  are  derived  by 
calculus  with  fewer  assumptions. 

Nomenclature. — The  following  gives  the  meaning  of  every  term 
used  in  deriving  the  formulas.    All  units  are  in  feet,  pounds,  or  seconds. 

A  =  cross-sectional  area  of  air  tank,  in  square  feet ; 
g  =  acceleration  of  gravity  =  32.2  ft.  per  sec.  per  sec. ; 
L  a 


K  = 


(^"1-^)^ 


9  --i  Ih 

K^  ;^=  Head  lost  between   air   tank   and  pipe  line,   in   feet,   when 
a  (V^  —  y„)  cu.  ft.  per  sec.  are  flowing  into  tank; 
L  =  length  of  pipe,  in  feet,  between  open  reservoir  or  fore-bay 

and  air  tank; 
I  =  length  of  air  column  in  tank  before  load  change,  in  feet ; 
a  =  cross-sectional  area  of  pipe,  in  square  feet; 
Pj  =  air    pressure    in    air    tank    before    load    change,    including 
atmospheric  pressure,  measured  in  feet  of  water; 
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p^  =^  maxinuun  or  minimum  ail*  pressure  in  air  tank  due  to  load 

cluuiux'.     including    atmosplierie    pressure,    measured    in 

feet  of  water; 

/  =  time  for  pressure  in  air  tank  to  change  from  i)^  to  p..,  in 

seconds; 

Fj  =■■  velocity   of  water   in  pipe  before  load  change,   in  feet  per 

second ; 
T'^  =  velocity   of   water   in   pipe   after   load   change,   in   feet   per 
second ; 
v  =  velocity  of  water  in  pipe  at  any  time,  in  feet  per  second: 
IT'  =  weight  of  1  cu.  ft.  of  water  =  62.4  lb. ; 
Y  =  maximum  rise  or  fall  of  water  in  air  tank,  in  feet,  measured 

from  water  level  before  load  was  changed; 
y  =  rise  or  fall  of  water  in  air  tank  at  any  time. 

Formulas. — The  following  formulas  are  sufficiently  accurate  for 
most  practical  cases.  The  true  values  of  Y  and  p,  will  lie  between 
the  values  obtained  for  isothermal*  and  for  adiabatic*  compression 
or  expansion,  but  will  be  nearer  the  latter  values. 

Assuming  isothermal  compression  or  expansion: 

r  =  J77^%f (..) 

where  K  =  -^^  (  F,  —  T:,)^ 

--,t'-f <«> 

Assuming  adiabatic  compression  or  expansion: 

-J^    71.41 


f<;)r  loads  thrown  off,  and 


71.41 


(I  +  Y)'-''  =  -  ^^. (C) 


for  loads  thrown  on. 

»'="'{,^ry" '°> 

*  Isothermal  compression  or  expansion  assumes  that  the  temperature  ot  the  air 
in  the  tank  remains  constant.  All  the  heat  generated  in  compressing  the  air,  there- 
fore, must  escape  instantly  through  the  walls  of  the  tanlc  and  into  the  water. 

Adiabatic  compression  or  expansion  assumes  that  no  heat  passes  through  the 
tank  walls  or  between  the  air  and  water. 
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Where  plus  and  minus  signs  appear,  the  minus  sign  applies  to  loads 
thrown  off,  the  plus  sign  to  loads  thrown  on. 

Assumptions. — Those  formulas  are  derived  by  using  the  following 
assumptions,  and,  before  using  them  on  any  specific  case,  these  assump- 
tions should  be  examined  in  order  to  make  sure  that  they  apply  to  the 
case  in  question. 

1.— Pressure  in  tank  rises  or  falls  at  a  constant  rate;* 

2. — Water  level  in  tank  rises  or  falls  at  a  constant  rate;* 

3.— Water    pressure    due    to    change    of    water    level    in    tank    is 

neglected.* 
4. — 'No  loss  of  head  between  tank  and  pipe  line; 
5. —  Time  necessary  to  open  or  close  wheel  gates  is  neglected; 
6. — Friction  in  pipe  line  is  neglected. 
7. — Time  necessary  for  a  pressure  wave  to  travel  the  length  of 

the  pipe  is  neglected. 
8. — Governor  action  is  neglected. 

The  errors  introduced  by  the  use  of  these  assumptions  oifset  each 
other  to  a  large  extent,  as  some  of  them  will  lead  to  values  of  p^ 
which  are  too  large,  and  others  to  values  which  are  too  small.  It 
should  be  noted,  however,  that  if  the  loss  of  head  between  the  tank 
and  pipe  line  is  comparatively  large,  the  pressure  may  rise  higher 
in  the  pipe  line  and  wheel  than  in  the  tank. 

In  general,  the  error  caused  by  Assumption  6  is  negligible,  as  the 
rise  in  air  pressure  is  large  in  comparison  with  the  difference  in 
friction  head  at  any  two  loads.  In  order  to  be  absolutely  safe,  this 
friction  head  may  be  added  to  the  value  of  p^  obtained  from  the 
formulas  for  loads  thrown  off,  but  this  will  give  results  which  are 
too  large.    The  reverse  is  true  for  loads  thrown  on. 

Assumption  7  is  reasonable,  as  the  time  for  a  rise  of  pressure  to 
be  transmitted  along  the  pipe  line  is  usually  small  in  comparison 
with  the  time  of  oscillation  in  the  air  tank. 

The  effect  of  governor  action  (Assumption  8)  is  discussed  later. 

From  numerical  computations  it  appears  that  Assumptions  1,  2, 
and  3,  taken  together,  lead  to  values  of  p,  which  are  too  small. 

•  Formulas  (P)  and  (Q),  derived  by  calculus,  are  appended;  they  are  deduced 
without  the  use  of  Assumptions  1,  2,  and  3.  These  may  be  used  for  the  final  design 
of  a  tank. 
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Derivation    of   Formulas. — To    avoid   confusion,    the   formulas    for 
load  thrown  off  (air  compressed)  are  first  derived. 
Using   the   t\iiul;iinental  law, 

Mass  X  Acceleration  =  Force, 

and  multiplying:  through  by  time,  we  get 

Mass  X  Change  in  Velocity  =  Force  X  Time (E) 

WaL 

The  mass    of   the  water  in  the  pipe  is .      When   a   load    is 

9 
thrown  off,  the  velocity  is  cut  down  from   Fj  to  V.,,  and  the  change 

of  velocity,  therefore,  is  (V^  —  F,)- 

The  force  tending  to  slow  down  the  water  in  the  pipe  is  due  to 
the  difference  in  head  at  the  two  ends,  or  rise  of  pressure  at  the  lower 
end.  Assuming  no  head  lost  between  the  air  tank  and  pipe  line  (Assump- 
tion 4),  and  neglecting  the  pressure  due  to  the  rise  of  water  in  the 
tank  (Assumption  3),  this  difference  in  head  is  equal  to  the  rise  of 
ail^  pressure  in  the  tank,  which  varies  from  zero  at  the  beginning  to 
(^2  —  Pi)  ^^  *^®  ^^^-  Assuming  the  rise  to  be  at  a  constant  rate 
(Assumption   1),  the  average  force  tending   (during  the  time,   0   to 

slow  down  the  water  will  be  W  a  —^— — -,  in  pounds. 

As  a  matter  of  fact,  the  average  force  is  less  than  this,  as  it  rises 
faster  at  the  end  than  at  the  beginning. 

Using  Formula  (E),  and  inserting  the  foregoing  values,  we  get 

^^XO\-V.^=Wa^^Xt (G) 

The  time,  t,  is  unknown.  Neglecting  the  short  time  necessary  for 
the  governor  to  move  the  gates  and  decrease  the  quantity  of  water 
supplied  to  the  wheel  (Assumption  5),  the  net  quantity  of  water 
coming  into  the  tank  when  the  load  is  first  thrown  off  will  be  the 
volume  flowing  in  from  the  pipe  line  (a  U, )  less  the  volume  flowing 
out  to   the  wheel    (a   V.,).     Therefore  the  water  will  start  to   rise  in 

tlie  tank  at  a  velocity  of  -r-  (V^  —  V.,),  in  feet  per  second,  and  this 

will  decrease  to  zero  in  the  time,  t.     Assuming  this  decrease  to  be  at 
a  constant  rate  (Assumption  2),  the  average  velocity  will  be  half  of 

this,  or  — —  (Fi  —  F.,).     As  a  matter  of  fact,  the  average  veloritv  is 
2  A. 
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greater  than  this,  for  the  velocity  decreases  at  a   slower  rate  at  the 
end  of  the  time  than  at  the  beginning. 

If     the     water    rises    in     the     tank     at     an     average    velocity     of 

a  2  A  Y  ^ 

——  (Fj  —  T".,),  in  feet  per  second,  it  will  take  — = r^r—  seconds  to 

rise  a  distance,  1".     Therefore, 

t  =  (H*) 

Inserting  this  value  of  t  in  Formula  (G),  we  get 


g      '    '  -'  2         o  (F,  -  Fj)- 

Simplifying, 

(p,-pO  y  =  ^(V,-v,)K....:. (/) 

From  this,  Formulas  (A)  or  (0)  can  be  deduced  by  using  the  laws 
of  thermodynamics  which  apply  to  the  compression  or  expansion  of 
gases.  In  order  to  get  the  relation  between  the  two  unknown  quantities, 
p,  and  F,  it  is  necessary  to  know  the  variation  in  temperature  in  the 
air  tank. 

If  the  compression  took  place  very  slowly,  and  all  the  heat  gener- 
ated had  time  to  escape  into  the  water  and  through  the  walls  of  the 
tank,  the  isothermal  relation  would  hold,  and 

p.,  original  volume  of  air  in  tank  A  I 

Pj         volume  of  air  in  tank  after  compression        (I—  Y)  A 
or 

"■'-T^- <-) 

If  the  compression  took  place  very  quickly,  and  all  the  heat  of 
compression  were  retained,  the  adiabatic  relation  would  hold,  and 

^-(^'" ^-> 

As  a  matter  of  fact,  the  true  condition  will  be  somewhere  between 
the  two.  With  full  load  thrown  off,  the  isothermal  assumption  will 
give  results  which  are  much  too  small,  and  in  general  the  adiabatic 
assumption  is  much  nearer  the  truth. 

*  This  formula,  by  Itself,  will  give  a  value  of  t  which  is  too  large.     See  Formula 
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For  instance,  in  one  actual  case,  for  full  load  thrown  off,  the  com- 
pression would  take  less  than  5  sec,  and,  assuming  adiabatic  com- 
pression, the  temperature  would  rise  more  than  100°  Fahr.  It  is 
apparent  that  in  this  short  time  not  much  of  the  heat  would  escape, 
and  the  isothonnnl  assumption,  therefore,  gives  results  about  14% 
too  small. 

Although  formulas  for  isothermal  compression  give  values  of  p, 
(maximum  pressure)  which  are  too  small,  they  give  larger  values  of 
Y  (rise  of  water  in  the  tank)  than  formulas  for  adiabatic  compression. 

Isothermal  Compression. — Assuming,  first,  isothermal  compression: 
Combining  Formulas  (7)  and  (5), 


~'(n-T^.)'=..(r:h^-i)r  =  ,^ <,;, 


let 


and  insert  in  Formula  (J). 

Kl  —  KY=  Y' 

solving 


(A) 


Adiabatic  Compression. — Assuming,  second,  adiabatic  compression: 
Combining  Formulas  (7)  and  (7)), 


Inserting  K,  as  before, 
K 


a-iO^-"  =  ^-:pj. ^^^ 

This  must  be  solved  by  trial  and  error.  As  a  first  trial,  a  value 
of  Y  slightly  smaller  than  that  obtained  from  Formula  {A)  may 
be  used. 


1020  AIE  TANKS  ON"  PIPE  LINES  [Papers. 

Load  Thrown  On. — In  the  case  of  a  load  thrown  on,  exactly  the 
same  reasoning  applies,  and  Y,  being  measured  down  instead  of  up, 
will  be  a  negative  quantity.  When  the  numerical  value  is  inserted, 
the  signs,  therefore,  must  be  changed  as  indicated. 

Full  Load  Changes. — When  full  load  is  thrown  off,  the  same  for- 
mulas apply,  and,  as  V ^  equals  zero.  Formula  (7)  becomes 

This  can  be  checked  easily  by  applying  the  theorem  of  work  and 
energy,  using  the  assumptions  previously  listed.  All  the  water  is 
stopped,  and  all  the  energy  of  the  moving  water  is  expended  in  com- 
pressing the  air  in  the  air  tank. 

Work  of  compressing  air  in  tank  =^  Energy  of  water  in  pipe  line. 

2  2g 


Simplifying, 


(P,-P,)Y=  ' 


Similarly,  for  full  load  thrown  on,  V^  becomes  zero. 

Practical  Questions  of  Design,  Surges,  Etc. — In  actual  practice 
it  has  sometimes  happened  that  an  air  tank  made  the  regulation  and 
surges  in  the  pipe  line  worse  instead  of  better.  This  has  been  due 
to  surges  which  were  set  up  and  either  aggravated  by  governor  action 
or  continued  naturally  for  a  considerable  time  before  being  damped 
out  by  friction. 

These  surges  can  be  broken  up  by  using  some  sort  of  a  differential 
device  which  restricts  the  entrance  to  the  tank,  or  a  valve  which 
causes  the  water  to  flow  into  the  tank  at  a  different  rate  from  that 
at  which  it  flows  out. 

Mr.  B.  D.  Johnson  has  invented  and  patented  a  device  which  not 
only  eliminates  surges,  but  cuts  down  the  size  of  the  tank  required. 

In  one  hydro-electric  development  where  trouble  was  caused  by 
surges,  a  flap-valve  surrounded  by  orifices  was  placed  in  the  entrance 
to  the  air  tank.  When  load  was  thrown  on,  the  flap  opened  and 
allowed  the  water  to  flow  out  freely.  When  the  water  started  to  flow 
back  into  the  tank,  the  flap  closed  and  the  water  was  forced  through 
the  orifices,  with  a  consequent  loss  of  head.  This  broke  up  the 
surges,  and  there  was  no  more  trouble. 
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In  one  case,  under  normal  operating^  conditions,  an  air  tank  of 
moderate  dimensions  placed  near  the  power-house  decreased  the  sud- 
den variations  of  pressure  due  to  changing  load  by  about  two-thirds. 

In  order  to  keep  the  tank  full  of  air,  it  is  necessary  to  replenish 
the  supply  from  time  to  time  from  a  compressor  or  other  source,  as 
a  certain  quantity  is  apt  to  be  absorbed  by  the  water  or  leak  through 
the  tank.  If  the  air  should  entirely  leak  out,  the  tank  would  not 
only  become  useless  for  regulating  purposes,  but  might  fail  on  account 
of  dangerous  pressures  due  to  water-hammer. 

The  larger  the  volume  of  air  in  the  tank,  the  more  efficient  will 
it  be  for  regulating  purposes.  Care  must  be  taken,  however,  not  to 
fill  the  tank  so  full  of  air  that  when  a  sudden  load  is  thrown  on,  all 
tha  water  in  the  tank  will  be  exhausted  and  the  wheel  will  suck  air. 
Automatic  safety  devices  may  be  put  on  to  prevent  this,  and  gauges 
on  the  side  of  the  tank  will  indicate  the  water  level.  It  is  conceivable 
that  in  some  cases  air  might  be  given  out  by  the  water  and  fill  the 
tank  too  full.  The  writer  knows  of  no  such  case,  however,  although 
the  reverse  is  common. 

In  most  air  tanks  the  compression  due  to  load  changes  will  take 
])lace  in  so  short  a  time  that  little  of  the  heat  will  have  time  to  flow 
through  the  walls  of  the  tank  or  into  the  water,  and  for  this  reason 
the  formulas  for  adiabatic  compression  will  give  results  nearer  the 
truth.     In  any  case,  they  are  more  conservative  to  use. 

Other  Formulas. — In  order  to  get  formulas  without  the  use  of 
Assumptions  1,  2,  and  3,  it  is  necessary  to  use  the  calculus.  The  other 
assumptions  (4,  5,  6,  7,  and  8)   are  used. 

The  net  quantity  of  water  flowing  into  the  tank  is  equal  to  that 
fl'nving  in  minus  that  flowing  out;  therefore, 

d  V 

Mass  X  Acceleration  =  Force 

therefore  (for  load  thro\Mi  off), 
W  a  L       d  V 

Using  these  two  formulas  in  conjunction  with  Formulas  {B)  and  {D) 
(the    isothermal    and    adiabatic    relation),    we    can    get    a    dilferential 

d  y 
equation  for    -    in  terms  of  >/  and  d  v  wliich  can  be  integrated  by  using 
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the  fact  that  when  y  =  0,——=  ^(^i    —   ^"2)1    ^'^^^    when    y   =^    Y, 

d  t 

By  this  integration  we  get  the  following: 

Isothe7'mal. 
For  load  off  : 

Y 


For  load  on 


Y'-2p,(l\og.^(l-j^  +  Y)=p,K... 
1: 
r-  -2p,il  log.,  (|l  +  -^)  _  Y)  =  p,  K 


(P) 


(-Pi) 


Adiahatic. 
For  load  off: 


Y^- 

For  load  on : 


■^^'■[Oi-, 7777737^  +  ^']=^''^^' <«> 


OAl(l—Y) 


A  formula   for   t,  derived  by   calculus,   using  all  the   assumptions 
except  2,  is: 


LAY 

(^) 


*a  g  (P2  —  PO 

This  t  is  the  time  required  for  Y  to  reach  a  maximum.  It  is  the 
time  for  a  quarter  of  the  cycle,  and,  after  the  water  has  risen  in 
the  tank  (with  load  thrown  oif),  it  will,  like  a  pendulum,  fall  to  the 
starting  point  again,  and  on  below  it  to  almost  the  same  extent; 
then  rise  again,  and  so  on  until  damped  out  by  friction.  It  is  to 
prevent  this  surge  that  valves  or  differential  devices  must  be  used. 
Formula  (B)  will  give  a  value  of  t  which  is  too  small.  The  true 
value  will  be  between  this  and  the  value  obtained  from  Formula  (H). 

Where  it  is  desired  to  compute  the  heat  generated  or  lost  by 
adiabatic  compression  or  expansion,  the  following  formula  may  be 
used. 
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Tlic  minus  sig'u  is  for  load  otf,  tlie  plus  sign  for  load  on. 
T^  is  the  absolute  temperature  before  start  of  rise  or  fall; 
T,  is  the  absolute  temperature  at  maximum  point  of  rise  or  fall. 

If  tlie  Fahrenheit  scale  is  used,  the  absolute  temperature  may  be 
"btained  by  adding  459°  to  the  temperature  registered  on  the  ordinary 
thermometer. 

Head  Lost  in  Entering  Air  Tajik. — If  the  pipe  line  runs  into  the 
air  tank  on  one  side  and  out  on  the  other,  the  pressure  in. the  pipe 
line  will  at  all  times  be  equal  to  the  pressure  in  the  air  tank  (Assump- 
tion 4). 

When  a  load  is  suddenly  thrown  off,  the  quantity  of  water  flowing 
out  of  the  tank  will  be  suddenly  decreased,  but  the  quantity  flowing 
in  will  not  be  changed  until  the  water  has  risen  and  the  air  pressure 
consequently  increased.  This  increase  of  pressure  causes  a  difference 
of  head,  between  the  two  ends  of  the  pipe  line,  which  slows  down  the 
water.  It  increases  from  0  to  {p^  —  ^i)  and  is  greatest  at  the  time 
when  the  water  has  been  slowed  down  to  its  new  velocity. 

It  is  obvious  that  the  air  tank  would  be  more  efficient  if  the 
pressure  could  be  made  to  rise  instantly  and  act  on  the  water  at  the 
time  when  it  is  most  needed,  or  before  the  velocity  has  been  checked. 

By  causing  a  loss  of  head  betw'een  the  air  tank  and  the  pipe  line, 
this  condition  can  be  approached.  If  the  loss  of  head  is  made  too 
cri'eat,  however,  the  pressure  may  rise  instantly  to  a  greater  value 
than  it  would  have  reached  with  the  simple  tank,  and  this  is  all  the 
more  undesirable  as  the  sudden  rise  causes  water-hammer  and  is 
more  difficult  for  the  governors  to  handle  than  the  gradual  rise. 

A  well-designed  orifice,  therefore,  would  cause  about  the  same  loss 
of  head  at  the  beginning  as  the  compressed  air  would  cause  at 
the  end. 

An  approximate  formula  can  be  worked  out  by  computing  the 
maximum  loss  of  head  between  the  pipe  line  and  the  air  tank  at 
the  start  of  the  rise.    This  will  be 

2  g        ' 
where  C  is  a  constant  depending  on  the  shape  and  size  of  the  entrance 
to  the  tank. 
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Calling  this  loss  of  head  K^,  and  assuming  that  the  difference  in 
head  varies  at  a  constant  rate  from  this  value  at  the  beginning  to 

(_P2  —  Pi)  at  the   end,  we  get  an  average  force  of  — ^ ^ -^ ,    in 

pounds,  tending  to  slow  down  the  water. 

Inserting  this  value  in  Formula  {G)  and  proceeding  as  before,  we 
get  for  isothermal  compression : 

{K^-P,)  Y^--  (Kp^  +  K^  I)  Y  =  —  Kp^  I (S) 

For  load  thrown  on,  this  becomes 

(K,  +  p,)  r^  +  (K,  I  -  Kp,)  Y  =JCp^  I (S,) 

Where  K^^  =  0,  these  become  Formula  (A). 

A  similar  formula  can  be  worked  out  for  adiabatic  compression. 
When  the  calculus  is  used  and  Assumptions  1,  2  and  3  are  omitted,  a 
differential  equation  is  derived  which  cannot  be  integrated. 

Considering  the  many  uncertainties  of  the  problem,  the  foregoing 
formula  is  probably  sufficiently  accurate,  but  it  should  be  used  with 
the  full  realization  of  the  assumptions  made  in  its  derivation. 

Numerical  Example. — In  order  to  show  the  comparative  variation 
of  the  different  formulas,  the  following  numerical  case  has  been 
worked  out  for  full  load  thrown  off  and  on.  The  dimensions  are  taken 
from  an  actual  plant,  and  an  extreme  velocity  of  12.5  ft.  per  sec.  is 
taken  to  illustrate  more  clearly  the  differences  in  the  various  formulas. 

I  =  52  ft. ; 
L  =  2  100  ft. ; 

a  =  44.2  sq.  ft.   (pipe  7.5  ft.  in  diameter)  ; 
A  =  77  sq.  ft.  (two  tanks  7  ft.  in  diameter) ; 
p^  =  470  ft. 
V^  =  12.5  ft.  per  sec. ; 
7.  =  0. 

Table  1  shows  the  values  obtained  from  the  various  formulas.  In 
studying  these  results,  it  should  be  noted  that  the  difference  in  the 
results  of  the  formulas  for  adiabatic  and  isothermal  compression  is 
14  per  cent.  The  difference  betw^een  the  results  obtained  by  the  more 
approximate  Formulas  (A)  and  (C)  and  the  results  obtained  from 
Formulas  (P)  and  (Q)  is  from  3  to  G%  for  this  case. 
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Formula. 

Y. 
in  teet. 

P2, 

in  fcft. 

Percentage  of  normal 
pressure  (pi). 

Full  load  off : 
l!*(>thernial 

(.■1)  and  (/?) 

(P) 
(C)  and  (Z>) 

20.0 
20.8 
16.9 

ir.7 

764 
783 

818 
845 

163 
166 
174 

180 

Full  load  on  : 

(A)  and  (B) 

(Pi) 
(Ci)  and  (D) 

(Qi) 

32.5 
27.5 
27.6 
23.8 

290 
307 
258 
276 

63 

65 
55 

59 

For  lo.ad  thrown  on.  Formulas  (P^)  and  (Q^)  give  results  6%  apart 
for  the  two  relations;  and  the  more  approximate  Formulas  (A)  and 
(Cj)  give  results  differing  from  Formulas  (P^)  and  (Q^)  by  from 
3  to  4  per  cent. 

The  error  caused  by  assuming  either  the  adiabatic  or  isothermal 
relation,  therefore,  may  be  greater  than  the  error  caused  by  using  the 
.simpler  Formulas  (A)  and  (C)  and  so,  taking  into  account  the  other 
assumptions,  it  would  seem  that  Formulas  (A)  and  (C)  are  sufficiently 
accurate  for  most  practical  cases,  although  a  final  check  may  be  made 
by  Formulas  (P)  and  (Q). 

If  a  restricted  orifice  were  inserted  between  the  pipe  line  and  air 
tank  which  caused  a  loss  of  head  of  190  ft.  with  the  full  load  ilow 
(a  Tj)  entering  the  tank  the  results  would  be  as  follows: 

Formula 

Full  load  off:  (Z,  =  190)  (S) 

Full  load  on :  (K^  =  190)  (S^) 

A  comparison  of  these  figures  with  those  given  for  the  simple 
tank  shows  that  the  use  of  an  orifice  makes  the  air  chamber  a  great 
deal  more  effective.  It  also  reduces  the  possibility  of  trouble  from 
surges. 

The  foregoing  formulas  have  not  been  published  before,  as  far  as 
the  writer  knows,  with  the  exception  of  Formula  (P)  which  was 
deduced  by  Mr.  Johnson  in  the  article  mentioned  below. 


Y 

P-2 

Percentage 
of  pi 

15.3 

667 

142 

18.7 

346 

74 
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in'  studying  the  eifect  of   differential   devices   and  friction   in  air 
tanks  and  surge  tanks,  the  following  references  will  be  found  useful: 

"The  Surge  Tank  in  Power  Plants."  By  R.  D.  Johnson.  Trans- 
actions, Am.  Soc.  Mech.  Engrs.,  Vol.  30  (1908),  page  833. 

"The  Differential  Surge  Tank."  By  E.  D.  Johnson.  Transactions, 
Am.  Soc.  C.  E.,  Vol.  LXXVIII  (1915),  page  760. 

"Penstock  and  Surge  Tank  Problems."  By  Minton  M.  Warren. 
Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXIX  (1915),  page  238. 
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Synopsis. 


The  Cape  Cod  Canal  joins  Cape  Cod  Bay  with  the  waters  adjacent 
to  Long  Ishiiid  Sound,  traversing  the  narrow  isthmus  of  Cape  Cod. 
It  has  a  length  of  8  miles,  with  dredged  approach  channels  5  miles 
long.  The  minimum  width  of  the  canal  is  100  ft.,  the  maximum, 
300  ft.,  and  the  depth  at  low  water,  25  ft. 

This  canal  was  suggested  for  commercial  and  naval  use  300  years 
ago.  The  project,  originally  a  colonial  one,  subsequently  became  a 
national  one,  and  finally  was  carried  out  by  private  capital.  It  has 
been  in  successful  operation  since  the  summer  of  1914,  and  is  now 
used  by  commercial  and  naval  vessels. 

Part  I  of  this  paper  is  devoted  to  history  and  location,  and  contains 
considerable  data  on  construction.  Part  II  is  devoted  entirely  to 
hydraulics.  The  canal  is  the  largest  open  artificial  waterway  connect- 
ing two  seas  having  non-synchronous  tides. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meetinji, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Prorcedlniis,  and.  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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PAKT   I. 

The  southeast  portion  of  the  State  of  Massachusetts  is  a  curiously 
shaped,  narrow,  hooked  point  enclosing  nearly  three-quarters 
of  a  circle  having  a  radius  of  about  12  miles.  The  south  side  of 
the  enclosing  land  is  extended  southwestward  to  another  point  at 
Woods  Hole,  which,  with  a  succession  of  islands,  makes  the  barrier 
separating  Buzzards  Bay  from  Vineyard  Sound.  To  this  whole  area 
of  land  the  name  of  Cape  Cod  is  applied,  with  Provincetown  at  the 
north,  where  the  Pilgrims  in  the  Mayflower  made  their  first  landing 
in  1621.  The  material  composing  the  peninsula  is  sand,  gravel,  and 
granite  boulders — an  old  glacial  terminal  moraine.  The  sand  has 
been  acted  on  by  the  currents  of  the  Gulf  Stream  flowing  east  and 
the  eddy  of  the  Arctic  Current  sweeping  down  the  New  England 
coast,  and  this  accounts  for  the  peculiar  contour  of  the  shore.  To 
the  south  and  southeast  of  Cape  Cod  are  various  irregular  shoals, 
known  as  Nantucket  Shoals,  the  outer  limit  of  which,  in  30  fathoms 
of  water,  is  marked  by  the  Nantucket  Light  Vessel,  distant  from 
Monomoy  Point,  the  extreme  southernmost  part  of  Cape  Cod,  59  geo- 
graphical or  68  statute  miles  in  an  almost  due  south  direction. 

These  shoals  of  shifting  sand,  over  which  the  depth  varies  from 
less  than  1  fathom  to  25  fathoms,  discovered  first  by  Verrazzano  in 
1524,  and  named  by  De  Mont  in  1605  "Mallebarre",  have  always 
been  a  terror  to  navigators.  The  extent,  depth  of  water,  and  char- 
acter of  the  Nantucket  Shoals  have  been  described  in  a  report  by 
Lt.-Col.  (now  Col.)  J.  C.  Sanford,  Corps  of  Engineers,  U.  S.  A.,  to 
the  Chief  of  Engineers,  under  date  of  November  16th,  1909,  from 
which  the  following  extracts  have  been  taken : 

"The  numerous  and  extensive  shoals  lying  eastward  and  southeast- 
ward of  the  eastern  entrance  to  Nantucket  Sound  and  southward  and 
eastward  of  the  southeasterly  elbow  of  Cape  Cod,  constitute  probably 
the  greatest  danger  to  navigation  to  be  found  on  any  of  the  coast- 
wise routes  of  the  Atlantic  coast  of  the  United  States  north  of 
Hatteras.  In  view  of  the  numerous  vessels  passing  around  these 
shoals  they  are  probably  a  greater  menace  to  navigation  than  Hatteras. 
Their  dangerous  character  is  shown  both  by  the  large  number  of 
wrecks  annually  occurring  there  and  by  the  large  number  of  light 
vessels  and  other  aids  to  navigators  traversing  the  shoals. 

''From  Nantucket  Sound  to  the  ocean  two  channels  lead  through' 
the   shoals.      The   north   or   Pollock   Rip   Channel   is   the   most   used, 
as  it   is  shorter,  is   somewhat  protected  from   easterly   storms  by  the 
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shoals  outside  it,  and  is  closer  to  the  shore;  but  it  is  quite  circuitous 
and  narrow  in  jilaces  and  the  tidal  currents  are  strong  and  varying 
in  direction.  The  second  or  south  channel  leads  through  the  shoals 
in  a  nearly  due  east  direction  from  Nantucket  (Great  Point)  Lig:ht- 
house.  It  is  somewhat  deeper  than  the  Pollock  Rip  Channel  and  much 
wider,  but  it  is  not  so  direct  for  coastwise  vessels  and  carries  a 
vessel  much  farther  from  the  shore.  This  channel  is  considered  in 
the  United  States  Coast  Pilot  for  the  Atlantic  coast  as  the  dividing 
line  between  Nantucket  and  Monomoy  Shoals,  the  shoals  lying  to  the 
northward  of  the  channel  being  called  the  Monomoy  Shoals,  while 
those  to  the  southward  are  called  the  Nantucket  Shoals.  The  following 
description  of  the  Monomoy  Shoals  in  general  and  of  the  shoals 
particularly  named  in  the  river  and  harbor  act,  with  others  lying 
along  the  course  of  the  proposed  improvement,  is  taken  from  the 
above  publication : 

"  *^ronomoy  Shoals  consist  of  numerous  detached  shoals  of  a 
shifting  character  with  3  to  18  feet  over  them,  extending  about  5^ 
miles  in  an  easterly  and  9^  miles  in  a  southerly  and  south-southeasterly 
direction  from  Monomoy  Point.  Many  parts  of  these  shoals  separated 
from  others  by  narrow  slues  have  special  names  and  are  briefly  described 
l)clow: 

''  'Bearse  Shoal  is  the  western  and  Pollock  Rip  the  eastern  part  of 
the  shoal  extending  from  f  mile  to  3f  miles  eastward  of  Monomoy 
Lighthouse.  These  shoals  consist  of  a  series  of  sand  shoals  and  sand 
ridges,  with  4  to  18  feet  over  them  and  deep  water  between  them. 

"  'Broken  Part  of  Pollock  Rip,  with  depths  of  15  to  18  feet  over  it, 
\\o^  eastward  of  Pollock  Rip,  and  is  separated  from  it  by  Pollock  Rip 
Slue,  which  has  a  width  of  about  h  mile  and  depth  of  3i  to  0  fathoms. 

"  "Twelve  Foot  Shoal,  southward  of  the  broken  part  of  Pollock  Rip, 
lias  14  to  18  feet  over  it  and  lies  5^  miles  SE  *  E  from  Monomoy 
Lighthouse. 

"  'Stone  Horse  Shoal,  Little  Round  Shoal,  and  Great  Round  Shoal 
are  portions  of  a  continuous  series  of  sand  shoals  and  sand  ridges 
with  depths  of  5  to  18  feet  over  them,  lying  directly  eastward  of  the 
entrance  of  Nantucket  Sound  and  between  the  two  main  channels. 
Stone  Horse  Shoal  and  Little  Round  Shoal  lie  on  the  south  side  of 
the  deepwater  channel  between  them  and  Pollock  Rip.  Great  Round 
Shoal  lies  from  0  to  9^  miles  in  SSE  direction  from  Monomoy  Point 
Lighthouse;  southward  and  eastward  of  this  shoal  for  a  distance  of 
about  2A  miles  there  are  numerous  shoal  spots  with  depths  varying 
from  IT  to  18, feet  over  them. 

"  'Shovelful  Shoal,  extending  f  mile  southward  from  Monomoy 
Point,  is  bare  in  places  and  rises  abruptly  from  the  deep  waters  of 
Butlers  Hole. 

"  'Handkerchief  Shoal  is  the  extensive  shoal,  with  from  3  to  18  feet 
over   it,    lying   southwestward   of   Monomoy   Point.     It   is   about   4i 
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miles  long  north  and  south,  and  its  greatest  width  is  about  2  miles. 
Its  southern  end,  which  rises  abruptly  from  a  depth  of  8  fathoms 
to  10  feet,  is  about  i  mile  northward  of  Handkerchief  Shoal  Light 
vessel  and  5^^  miles  SW  |  W  from  Monomoy  Point  Lighthouse.  Its 
northern  end  rising  gradually  from  3^  fathoms  to  15  feet,  lies  about 
3  miles  WNW  i  W  from  Monomoy  Point  Lighthouse.' 

"The  shoals  are  undoubtedly  of  a  shifting  character.  A  comparison 
of  Coast  Sur\^ey  charts  issued  from  1860  to  the  present  time  shows 
enormous  changes  in  the  channels  and  in  the  shape  and  position 
of  the  various  shoals. 

"On  the  chart  of  1860  the  principal  passage  from  Butlers  Hole 
(deep  water  southwest  of  Shovelful  Shoal  Light  Vessel)  to  the  ocean 
was  due  east  from  Pollock  Rip  Light  Vessel  through  a  5-fathom 
passage  south  of  the  broken  part  of  Pollock  Rip.  The  chart  of  1874 
shows  this  passage  closed  by  the  5-fathom  contour,  which  is  continu- 
ous from  oil  Chatham  around  the  entire  group  of  the  Monomoy  Shoals, 
the  distance  between  the  outside  and  inside  5-fathom  curves  ■  being 
but  600  yards,  with  a  depth  of  4|  fathoms  between.  The  1885  chart 
shows  this  distance  to  be  about  800  yards,  with  3^  fathoms  between 
and  with  several  small  shoals  carrying  less  than  3  fathoms  in  the 
immediate  vicinity.  The  1888  chart  shows  this  distance  to  be  about 
2  500  yards,  with  a  minimum  depth  of  Si  fathoms.  The  1894  and  1900 
charts  give  the  distance  as  about  900  yards,  with  a  minimum  depth 
of  SI  fathoms.  The  1908  chart  gives  the  extreme  distance  between 
the  inside  and  outside  5-fathom  contours  as  about  3  600  yards,  with 
a  minimum  depth  of  3^  fathoms,  but  with  an  intervening  hole  of 
5  fathoms.  The  position  of  this  easterly  passage  moved  south  from 
its  1860  position,  the  course  from  the  Pollock  Rip  Light  Vessel 
changing  from  due  east  to  about  southeast. 

"The  Broken  Part  of  Pollock  Rip  has  recently  made  out  about  1  200 
feet  to  the  westward,  considerably  narrowing  the  northern  entrance. 

"In  1860  the  Shovelful  Shoal  and  Bearse  Shoal,  as  defined  by  the 
18-foot  contour,  were  continuous  and  separated  from  Pollock  Rip 
Shoal.  In  1874  the  first  two  of  these  were  separated  and  the  last  two 
were  joined  together,  with  the  southern  part  of  Pollock  Rii?  Shoal 
broken  into  a  number  of  smaller  shoals,  which  condition  has  continued 
up  to  the  latest  chart,  out  with  varying  outlines  on  the  successive 
charts.  The  Handkerchief  Shoal,  which  is  rather  more  protected 
from  the  heaviest  waves  than  the  outlying  shoals  and  therefore  more 
nearly  continuous  in  form,  had  approximately  the  following  areas 
inclosed  with  the  18-foot  curve  (the  dates  refer  to  the  dates  of  issue 
of  charts)  : 

"1860 1  900  acres. 

1888 2  660      " 

1894 2  980      " 

1908 3  230      " 
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"Tlie  above  sliows  a  continuous  inereaso  amounting  to  70%  in  48 
years. 

'"The  area  of  water  exceeding  5  fathoms  in  depth  in  the  eastern 
extension  of  Butlers  Hole,  within  which  area  are  stationed  the  Shovel- 
ful Shoal  and  Pollock  Rip  Light  Vessels,  and  limited  on  the  west 
by  a  line  drawn  from  the  northern  limit  of  Stone  Horse  Shoal  to 
Monomoy  Point,  is  as  follows: 

"1860 3  200  acres. 

1888 3  000      " 

1894 3  600      " 

1900 3  700      " 

1908 2  670      "      " 

The  foregoing  quotations  show  clearly  the  character  of  the  shoals, 
how  they  change  in  position  from  time  to  time,  and  how,  in  certain 
areas,  there  is  a  steady  accretion.  The  difficulties  of  navigating  the 
tortuous  channels,  even  well-ligJited  and  marked  as  they  are  by  fre- 
quent buoys  and  light  vessels,  are  greatly  increased  by  the  frequently 
occurring  dense  fogs.  These  fogs  are  caused  by  the  condensation 
following  the  contact  of  the  warm  easterly  current  with  the  colder 
current  setting  down  from  the  coast  of  Maine.  The  Pollock  Rip 
Light  Vessel  reports  an  average  of  1 100  hours  of  fog  occurring  on 
130  days  per  annum.  So  persistent  and  so  thick  are  these  fogs  that 
vessels  are  held  for  daj's  at  a  time  at  Provincetown  or  Vineyard  Haven, 
unwilling  to  venture  the  passage  across  the  shoals.  The  dangers  are 
still  further  increased  by  the  low-lying  coast  of  the  Cape,  which  be- 
comes an  exposed  lee  shore  during  east  and  northeast  gales. 

It  is  estimated  that  22  000  000  tons  of  freight  are  carried  annually 
around  the  Cape,  a  volume  of  coastwise  traffic  that  greatly  exceeds 
any  other  section  of  the  American  seaboard.  It  is  not  surprising, 
therefore,  that  the  waters  between  Martha's  Vineyard  and  Cape  Cod 
Light  claim  the  greatest  toll  in  men,  vessels,  and  cargo. 

Fig.  1,  taken  from  the  most  recent  United  States  Coast  Sui'vey 
charts,  shows  the  contour  of  Cape  Cod,  the  adjacent  islands,  and 
Nantucket  Shoals. 

Water-borne  traffic  going  around  the  Cape  has  the  choice  of  two 
routes,  either  completely  avoiding  the  shoals  by  passing  outside  of 
Nantucket  Light  Vessel,  or  by  passing  through  Vineyard  Sound  and 
crossing  the  shoals,  either  through  Pollock  Rip.  the  usual  course,  or 
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south  of  the  Great  Round  Shoah     Between  New  York  and  Boston  the 
distances  by  these  routes  are: 

Nantucket  Light  Vessel 408  miles. 

Great  Round  Shoal 350       " 

Pollock   Rip 342       " 

By  going  through  Hell  Gate  and  Long  Island  Sound,  the  first 
distance  can  be  reduced  by  6  miles  and  the  last  two  by  16  miles. 
The  courses  are  shown  on  Fig.  1.  The  distance  between  New  York 
and  Boston  via  Hell  Gate,  Long  Island  Sound,  and  the  Cape  Cod 
Canal,  is  264  miles. 

To  avoid  the  shoals  and  fogs,  with  their  dangers  and  delays,  ])ro- 
jects  for  a  trade  route  via  Buzzards  Bay  and  a  canal  connecting  it 
with  Cape  Cod  Bay  have  been  proposed  for  nearly  300  years;  in  fact, 
a  canal  across  the  neck  of  Cape  Cod  has  been  longer  under  considera- 
tion than  any  other  public  work  in  fhe  United  States. 

The  first  use  of  this  route  for  commercial  purposes  was  made  by 
Miles  Standish  in  September,  1623,  when  he  ascended  the  Scusset 
River,  a  small  stream  that  flowed  into  Cape  Cod  Bay  about  20  miles 
south  of  the  Pilgrim  settlement  at  Plymouth,  and,  after  crossing  the 
narrow  intervening  low  ridge  of  land,  met  the  vessels  of  the  Dutch 
traders  from  New  Amsterdam,  under  the  command  of  Isaac  de  Resieres, 
who  had  ascended  the  Manomet  (since  corrupted,  into  Monument) 
River  from  Buzzards  Bay,  laden  chiefly  with  provisions  to  relieve  the 
pressing  needs  of  the  Plymouth  settlers.  Prom  this  beginning  there 
was  immediately  established  a  regular  traffic  between  the  Dutch  and 
English  colonists. 

As  the  land  separating  the  rivers,  which  could  be  easily  ascended 
by  the  small  boats  then  in  use,  was  only  3  miles  wide,  and  as  its 
elevation  was  less  than  30  ft.  above  high  water,  it  was  but  natural 
that  it  was  soon  suggested  to  make  a  through  route  and  eliminate  the 
portage  by  digging  a  canal. 

There  is  a  record  in  the  quaint  diary  of  one  Samuel  Sewall,  under 
date  of  October  26th,  1676,  that  "Mr.  Smith  of  Sandwich  rode  with 
me  and  showed  me  the  place  which  some  had  thovight  to  cut  for 
to  make  a  passage  from  the  south  sea  to  the  north."  In  1697  the 
project  received  ofiicial  recognition,  as  the  General  Court  adopted 
this  resolve: 
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Whereas,  It  is  thought  by  many  to  be  very  necessary  for  the  preser- 
vation of  man  and  estates,  and  very  profitable  and  useful  to  the 
public,  if  a  passage  be  cut  through  the  land  at  Sandwich  from  Barn- 
stable Bay,  so  called,  into  Monament  Bay,  for  vessels  to  pass  to  and 
from  the  western  part  of  this  country. 

Ordered,  That  Mr.  John  Otis,  of  Barnstable,  Captain  William 
Bassett,  and  Mr.  Thomas  Smith,  of  Sandwich,  be  and  are  hereby 
appointed  to  view  the  place,  and  make  report  to  this  Court,  at  their 
next  sessions,  what  they  judge  will  be  the  General  Conveniences  and 
inconveniences  that  may  accrue  thereby,  and  what  the  charge  of 
the  same  may  be,  and  probability  of  effecting  thereof. 

It  is  probable  that  the  "Mr.  Thomas  Smith"  of  the  Committee 
was  the  same  person  who  acted  as  guide  to  Mr.  Sewall.  Unfortu- 
nately, there  is  no  record  of  the  report  made  by  Messrs.  Otis,  Bassett, 
and  Smith. 

The  next  official  action  by  the  Colony  of  Massachusetts  did  not 
take  place  until  May,  1776,  when  the  General  Court,  as  the  Colonial 
Legislature  was  and  the  State  Legislature  is  still  described,  resolved: 

In  Council,  ^Yhereas,  It  is  represented  to  this  Court  that  a  navi- 
gable canal  may  without  much  difficulty  be  cut  through  the  isthmus 
which  separates  Buzzards  Bay  and  Barnstable  Bay,  whereby  the 
Hazardous  Navigation  round  Cape  Cod,  both  on  account  of  the  shoals 
and  enemy,  may  be  prevented,  and  a  safe  communication  between 
this  colony  and  the  southern  colonies  be  so  far  secured, 

Resolved,  That  James  Bowdoin  and  William  Sever,  Esqrs.,  with 
such  as  the  Hon.  House  shall  join,  or  the  major  part  of  them,  be  a 
committee  to  repair  to  the  town  of  Sandwich,  and  view  the  premises, 
and  report  whether  the  cutting  of  a  canal  as  aforesaid  be  practicable 
or  not.  And  they  are  hereby  authorized  to  employ  any  necessary 
surveyors  and  assistants  for  that  purpose. 

This  Committee  appointed  Mr.  Thomas  Machin  as  Engineer,  and 
undertook  to  prepare,  probably  for  the  first  time,  a  survey  and  definite 
plans.  Mr.  Machin  had  scarcely  entered  upon  his  labors  when  he 
was  called  to  other  duty  by  George  Washington,  who  wrote  to  the 
Chairman  of  the  Committee: 

''The  great  demand  we  have  for  engineers  in  this  department  has 
obliged  me  to  order  Mr.  Machin  hither  to  assist  in  that  branch  of 
the  business." 

After  the  Eevolution,  in  1791,  the  Commonwealth  of  Massachu- 
setts appointed  another  committee  to  examine  and  report.     This  Com- 
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mittee  employed  James  Winthrop  and  John  Hills  to  make  surveys  and 
plans,  and  tliese  engineers  laid  out  a  canal,  practically  on  the  route  of 
the  present  one,  using  the  Monument  River,  4  rods  wide,  with  three 
sets  of  douhle  locks,  30  ft.  wide  and  120  ft.  long,  and  at  an  estimated 
cost  of  £70  707/10/00,  including  protecting  piers  in  Cape  Cod  Bay. 
From  this  date  until  1S18  the  Legislature  had  the  project  under  con- 
tinuous consideration. 

In  ISIS  Col.  Loammi  Baldwin,  the  Engineer  of  the  Union  Canal 
Company  of  Pennsylvania,  was  retained  by  some  capitalists  of  Boston, 
including  Israel  Thonidike  and  Thomas  H.  Perkins,  to  study  the 
question.  Baldwin's  plan,  which  was  the  most  complete  that  had 
been  produced,  avoided  the  Monument  River,  and  used  the  Back 
River  as  the  outlet  to  Buzzards  Bay. 

In  1808,  Albert  Gallatin,  Secretary  of  the  Treasury,  directed  atten- 
tion to  the  canal  as  of  strategic  use  in  time  of  war,  a  necessity  that 
was  appreciated  shortly  afterward  in  the  war  of  1812,  as  British 
cruisers  maintained  a  trying  blockade  along  the  coast  between  Sandy 
Hook  and  Boston  Harbor.  In  1818  the  Senate  requested  the  President 
to  order  a  survey.  Nothing,  however,  was  done  until  1824,  when 
Congress  passed  an  act  directing  that  full  surveys  be  made.  These 
surveys  were  in  the  charge  of  Maj.  P.  H.  Perault,  U.  S.  Topographical 
Engineer,  who  reported  in  1825 — a  report  which  was  further  examined 
and  approved  by  the  Board  of  Internal  Improvements  for  the  State  of 
Massachusetts.     This  report  was  ordered  printed  by  Congress  in  1830. 

Of  course,  all  previous  plans  described  a  canal  of  very  small 
dimensions,  and  the  canal  projected  by  the  United  States  was  un- 
doubtedly considerably  larger  than  any  that  had  been  contemplated 
before.  Even  this  canal,  however,  according  to  modern  standards, 
was  quite  a  small  affair.  It  was  to  have  a  bottom  width  of  3G  ft.,  a 
water  surface  of  60  ft.,  and  a  depth  of  8  ft.    Locks  were  planned. 

Four  different  arrangements  of  locks  and  levels  were  considered, 
but  the  one  finally  recommended  for  adoption  was  a  single  level,  8 
miles  524  yd.  long,  with  the  bottom  on  the  plane  of  low  tide  in  Barn- 
stable (Cape  Cod)  Bay,  with  a  tidal  lock  at  each  end.  These  locks 
were  to  have  a  length  of  107  ft.  and  a  width  of  26  ft.  The  cost  was 
estimated  at  $069  522,  in  which  bridges  were  put  down  at  $2  000.  The 
route  selected  was  the  same  as  that  proposed  by  Col.  Baldwin,  using 
Back  River.    Water  to  supply  the  summit  level  was  to  be  furnished  by 
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tlie  rise  in  tide  at  the  Cape  Cod  Bay  end,  admitted  through  regulating 
sluices.  The  Board  felt  that  Herring  Pond  and  its  tributaries  would 
not  supply  sufficient  water  to  permit  thirty-six  passages  per  day,  the 
estimated  possible  number. 

With  locks,  the  variant  in  the 'route  from  the  Monument  to  Back 
River,  as  proposed  by  Col.  Baldwin,  and  the  Board  of  Internal  Improve- 
ment, is  feasible,  but  the  resulting  advantage  and  economy  are  not 
apparent. 

At  the  time  it  was  confidently  expected  that  the  work  would  be 
undertaken  at  once.  When  Maj.  Guillaume  Tell,  Poussin,  the  eminent 
French  engineer,  at  one  time  an  officer  in  the  American  Army,  wrote 
his  celebrated  report  on  "Travaux  d' Ameliorations  Interieures  Projetes 
ou  Executes  par  le  Gouvernement  General  des  Etats  Unis",  published 
in  1834  after  his  visit  to  this  country  in  1831,  he  described  the  canal 
as  one  of  the  great  pieces  of  public  work  about  to  be  undertaken. 

The  project  then  lay  dormant  for  30  years,  until  1860,  when  it 
was  revived  by  the  Governor  of  Massachusetts  calling  attention  to 
it  in  his  annual  message.  The  Legislature  appointed  a  committee 
which  reported  in  favor  of  employing  engineers  to  restudy  the  matter 
thoroughly,  as  a  canal  seemed  both  feasible  and  desirable.  The  Legis- 
lature adopted  the  suggestion,  and  appointed  such  a  committee  with 
powers,  and  again  another  committee  in  1861,  which  committees 
united  in  a  report  in  November,  1862,  printed  as  Public  Document 
No.  41,  in  1864.  This  report  is  of  great  value,  as  it  reviews  the 
wliole  history  of  the  enterprise  and  gives  many  statistics  of  traffic  and 
other  matters  having  a  bearing. 

As  to  surveys  and  plans,  the  Committee  availed  itself  first  of  a 
suggestion  of  Professor  A.  D.  Bache,  Superintendent  of  the  United 
States  Coast  Survey,  to  make  use  of  officers  of  that  service.  The 
Cornmissioners  for  Boston  Harbor,  the  late  Joseph  G.  Totten,  Hon. 
M.  Am.  Soc.  C.  E.,  Brigadier-General,  U.  S.  Topographical  Engineers, 
the  late  A.  D.  Bache,  Hon.  M.  Am.  Soc.  C.  E.,  U.  S.  Coast  Survey, 
and  Commander  C.  H.  Davis,  U.  S.  Navy,  Superintendent  of  the 
Naval  Academy,  made  a  report  to  the  Committee,  giving  recommenda- 
tions as  to  locks  and  breakwaters  in  Cape  Cod  Bay  and  a  most 
important  analysis  of  the  tidal  conditions,  based  on  observations  made 
by  the  late  Henry  Mitchell,  M.  Am.  Soc.  C.  E.,  then  an  assistant  in 
the  Coast  Survey. 
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On  receiiit  of  tliis  preliininary  report  the  Committee  engaged  Mr. 
George  R.  Jjaldwin  to  complete  the  surveys  and  make  plans.  Mr. 
Baldwin  accepted  as  his  location  the  Back  Ixiver  route,  following 
Col.  Loammi  Baldwin  and  the  Board  of  Internal  Improvement,  but 
the  cross-section  was  much  greater  than  anything  hitherto  proposed, 
having  a  bottom  width  of  no  less  than  120  ft.  and  a  depth  of  18  ft. 
Two  locks  w'ere  contemplated,  one  at  each  end,  with  two  chambers  in 
tandem,  200  and  132  ft.  long,  or  with  a  combined  usable  length  of 
350  ft.,  96  ft.  wide.  The  estimated  cost  varied  from  $9  558  000  to 
$9  915  000,  according  to  variations  in  details,  but  including  the  locks, 
changing  the  railway,  and  three  large  breakwaters. 

The  Coixunittee  found  that  about  10  000  vessels  passed  around  the 
Cape  each  year,  carrying  miscellaneous  cargo,  of  which  coal  con- 
tributed 370  827  tons  in  1859.  Between  183-4  and  1859,  both  years 
inclusive,  there  had  been  827  marine  disasters  on  the  Cape,  involving 
4  steamers,  40  ships,  71  barks,  191  brigs,  492  schooners,  and  29 
sloops,  the  average  annual  value  of  the  loss  being  nearly  $600  000.. 
The  Committee  estimated  that  the  annual  saving  to  navigation  result- 
ing from  the  construction  of  the  canal  was  $1  543  375,  on  the  basis 
of  45%  of  the  traffic  using  it. 

The  interesting  feature  of  the  report,  however,  was  the  first  re- 
corded appreciation  of  a  canal  without  locks,  and  apparently  this 
suggestion  came  from  the  Committee  and  not  from  any  of  its  pro- 
fessional advisers,  all  of  whom  in  their  reports  discussed  locks  only. 
The  Committee  stated: 

"The  peculiarities  attending  the  operation  of  the  two  tide  waves 
upon  the  coast  has  in  every  instance  suggested  to  the  engineers  the 
necessity  of  using  locks  for  this  canal.    *    *    * 

"If  some  plan  could  be  devised  to  overcome  the  force  of  the  cur- 
rents, and  thereby  form  a  free  channel  for  the  transit  of  vessels 
through  from  bay  to  bay,  there  could  hardly  be  a  difference  of  opinion 
upon  the  propriety  of  constructing  the  proposed  passage,  and  the 
question  whether  the  currents  can  be  controlled  in  any  way  than  by 
locks,  deserves  some  consideration.  This  question  was  not  particu- 
larly examined  while  the  U.  S.  Commissioners  were  connected  with 
the  surveys  and  soundings,  and  their  public  engagements  since  that 
time  have  deprived  the  Committee  of  their  judgment  and  advice 
upon  this  branch  of  the  subject. 

••*  *  *  It  may  not  be  unr(;asonable  to  suppose  that  some  method 
of  avoiding  the  force  of  the  currents  might  be  discovered  without  the 
cost  and  delay  of  using  locks  and  gates." 
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This  vague  suggestion  of  the  Legislative  Committee  was  crystallized 
into  form  in  1870  by  Brevet  Maj.-Gen.  J.  G.  Foster,  Lt.-Col.  of 
Engineers,  U.  S.  A.,  who  pointed  out,  in  a  report  to  the  Chief  of 
Engineers,  that  although  there  was  a  considerable  and  varying  dif- 
ference in  head  at  the  ends  of  the  canal,  nevertheless  the  resulting 
current  would  not  be  sufficient  to  require  locks.  This  contribution 
of  General  Foster's  changed  completely  the  whole  character  of  the 
enterprise,  because,  after  the  publication  of  his  report,  a  canal  with 
locks  was  not  again  considered.  He  recommended  a  canal  with 
dimensions  much  greater  than  had  been  previously  contemplated,  with 
a  bottom  width  of  198  ft.  and  a  depth  of  23  ft.  at  mean  low  water. 

Gen.  Foster's  report  performed  another  service.  It  showed  the 
great  volume  of  traffic  passing  around  the  Cape,  which  could  be  accom- 
modated and  accommodated  only  by  a  waterway  free  from  artificial 
obstructions,  and,  appearing  as  it  did  at  the  period  following  the  war 
between  the  States,  when  all  projects  for  increased  transportation 
facilities  were  being  eagerly  taken  up,  it  directed  the  attention  of 
capitalists  and  promoters  to  the  possibilities  of  the  canal.  Although  no 
further  efforts  were  made  by  either  the  Federal  or  State  Govern- 
ments to  construct  the  canal,  efforts  by  groups  of  financiers  under 
private  charters  were  continuous  from  1870,  the  date  of  Gen.  Foster's 
report,  to  the  actual  construction  of  the  canal  as  described  in  this 
paper. 

In  1870  a  charter  was  given  by  the  State  to  the  Cape  Cod  Ship 
Canal  Company,  among  whose  incorporators  were  Alpheus  Hardy, 
Thomas  Eussell,  Charles  H.  Allen,  Rufus  Ingalls,  and  Charles  A. 
Seeor.  This  charter  was  regarded  with  favor  by  committees  of 
Congress  and  the  Legislature  of  the  State,  but  nothing  was  accom- 
plished, and  at  length  it  was  allowed  to  lapse,  after  it  had  been  extended 
by  the  Legislature  several  times.  The  company  referred  the  tidal 
questions  to  Clemens  Herschel,  Past-President,  Am.  Soc.  C.  E.,  who 
confirmed  the  previously  expressed  opinion  of  Gen.  Foster  that  the 
resulting  current  in  a  sea-level  canal  would  not  be  sufficiently  swift 
to  prevent  passage,  and  that  a  lock  was  not  only  unnecessary,  but 
detrimenttil. 

Although  Massachusetts  at  an  early  date  provided  for  the  con- 
struction of  railroads  by  general  legislation,  thus  doing  away  with 
special  legislative  charters,  no  such  provision  was  made  in  the  general 
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laws  concerning  the  construction  of  canals,  so  that  recourse  to  the 
Legislature  for  powers  has  always  been  necessary. 

When  the  charter  to  the  Cape  Cod  Ship  Canal  Company  lapsed 
in  1880,  a  new  one  was  granted  to  Henry  M.  Whitney,  William  C. 
Whitney,  Henry  F.  Dimock,  Charles  T.  Barney,  Holcomb  Hosford, 
and  associates,  for  the  Cape  Cod  Canal  Company.  These  gentlemen 
investigated  the  subject,  retaining  George  S.  Greene,  Jr.,  M.  Am.  Soc. 
C.  E.,  as  Consulting  Engineer,  but  tliey,  too,  permitted  their  charter 
to  lapse. 

In  1883  another  act  was  passed  by  the  Legislature,  incorporating 
the  Cape  Cod  Ship  Canal  Company,  with  a  capital  stock  of 
$5  000  000,  the  persons  named  being  William  Seward,  Jr.,  George  S. 
Hall,  Samuel  Fessenden,  Edwin  Reed,  William  A.  Clark,  Jr.,  Joseph 
T.  Iloile,  Walter  Lawton,  William  F.  Drake,  and  William  Parker. 
This  company  made  a  contract  with  Frederic  A.  Lockwood  to  con- 
struct the  canal.  Mr.  Lockwood  was  a  singular  genius.  At  one  time 
he  was  a  Baptist  minister,  but,  being  of  a  mechanical  turn,  he  estab- 
lished a  machine  shop  in  East  Boston,  and  there  designed  a  curious 
tyiie  of  suction  dredge,  under  the  patents  of  one  John  A.  Ball  of 
California.  Being  a  man  of  much  force  and  power  of  persuasion,  he 
organized  and  procured  the  charter  for  the  company  just  mentioned, 
primarily  in  order  to  give  work  to  his  machine  shop  and  create  an 
opportunity  to  use  his  dredge,  he  having  acquired  from  Mr.  Whitney 
and  his  associates  their  plans  and  surveys  and  whatever  rights  they 
possessed.  He  appointed  Mr.  George  H.  Titcomb  Chief  Engineer 
and  ^Ir.  Charles  M.  Thompson  Assistant  Engineer.  The  latter  gen- 
tleman remained  at  Sandwicli  even  after  the  Lockwood  efforts  came 
to  an  end,  assisting  the  subsequent  companies,  and  became  Real  Estate 
Agent  of  the  present  con)])any,  which  position  he  held  until  his  death 
in  :March,  1914. 

Now,  for  the  first  time  since  Miles  Standish  began  the  trading  route 
in  1623,  and  after  all  the  fruitless  surveys  and  plans  by  the  Laiited 
States,  by  the  Commonwealth  of  Massachusetts,  and  various  private 
}»arties,  actual  work  was  begun.  Lockwood  built  his  dredge,  and 
with  it  cut  through  the  open  beach  just  north  of  Sandwich  and  near 
the  mouth  of  the  Scusset  River.  In  order  to  obtain  the  necessary 
funds  to  carry  on  the  work,  Lockwood  succeeded  in  persuading  ]\Ir. 
Quincy  A.  Shaw,  of  Boston,  to  advance  them.     With  this  aid.  Lock- 
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wood  and  his  singular  excavating  machine  made  a  channel  nearly  a 
mile  long,  about  15  ft.  deep  and  perhaps  100  ft.  wide  through  the 
&andy  marshes  of  the  Scusset.  .  While  thus  at  work,  Lockwood  suf- 
fered a  stroke  of  apoplexy,  completely  disabling  him.  He  then  con- 
veyed to  Col.  Thomas  L.  Livermore,  of  Boston,  as  Trustee,  all  title 
in  the  chartered  company,  canal,  land,  and  dredge,  as  security  for  Mr. 
Shaw's  advances  and  some  minor  obligations.  With  further  capital 
advanced  by  Mr.  Shaw,  the  Trustee  continued  dredging  for  several 
months,  carrying  the  excavation  of  the  canal  to  a  total  of  about 
700  000  cu.  yd.,  and  acquiring  title  in  fee  to  land  which,  with  that 
purchased  by  Mr.  Lockwood,  amounted  to  about  1  000  acres.  Then, 
probably  realizing  the  hopelessness  of  completing  the  work  with  a 
single  dredge,  and  especially  with  such  a  dredge  as  the  one  in  hand, 
the  Trustee  stopped  work,  and  the  dredge  was  subsequently  and  mis- 
chievously set  on  fire  and  completely  destroyed.  The  action  of  tlie 
waves  and  littoral  drift  closed  the  entrance  through  the  beach  and 
filled  perhaps  one-half  of  the  excavation  with  sand. 

If  little  physical  result  was  accomplished,  the  Lockwood  attempt 
is  entitled  to  the  honor  of  the  first  actual  construction  and  a  demon- 
stration that  some  people  were  at  length  willing  to  do  more  than 
make  surveys,  and  great  credit  must  be  given  to  Mr.  Shaw  aiid  his 
Trustee,  Col.  Livermore,  for  having  perfected  the  titles  to  so  many 
parcels  of  land,  and  especially  for  keeping  them  intact  and  free  from 
physical  encumbrances  that  would  have  prevented  the  construction  of 
the  canal.  Other  routes,  and  variations  of  the  route  adopted  by 
Lockwood's  company,  have  been  considered,  but  the  one  he  selected 
—that  since  adopted — is  the  only  one  that  is  feasible.  Had  the  land 
passed  back  into  the  hands  of  its  many  original  holders,  its  re-acquisi- 
tion would  have  been  difiicult  and  perhaps  so  expensive  that  the  cost 
would  have  been  prohil)itory ;  or  had  it  been  "improved",  canal  con- 
struction would  have  been  impossible.  When  the  present  company 
took  up  the  work,  the  fact  that  more  than  80%  of  the  right  of  way 
could  be  acquired  in  fee  simple  at  a  single  purchase,  and  at  an  ascer- 
tained reasonable  cost,  contributed  in  no  small  degree  to  the  favorable 
consideration  of  the  project.  Other  men  less  far-sighted  than  Col. 
Livermore  would  not  have  had  the  courage  to  keep  the  holdings 
together,  and  the  failure  to  do  so  certainly  would  have  jeopardized 
the  realization  of  the  canal,  if  not  actually  preventing  it. 
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Following  the  cessation  of  work  viiider  the  Lockwood  charter,  peace 
ri'igned  for  a  few  years,  broken  by  the  passage  in  1891  of  a  charter 
to  the  Boston,  Cape  Cod  and  New  York  Canal  Company,  inider 
which,  however,  nothing  w'as  done. 

In  IS'Jo  the  Legislature  acted  again,  this  time  in  granting  a 
ciiarter  to  the  "Old  Colony  and  Interior  Canal  Company",  among 
whose  incorporators  were  two  prominent  contractors,  James  D.  Leary 
and  Warren  Kooscvelt.  and  an  energetic  attorney  of  'New  York, 
William  G.  Bussey,  of  whom  more  later.  This  charter,  which  for  the 
sake  .of  safety  repealed  in  terms  all  prior  charters,  provided  for  a 
choice  of  routes  via  the  Monmnent  or  Bass  Rivers,  the  latter  flowing 
into  Vineyard  Sound.  The  Bass  Eiver  route  would  have  given  a 
shorter  canal,  but  with  a  less  saving  in  distance,  and  with  a  failure 
to  avoid  fogs  and  very  bad  tidal  currents. 

These  gentlemen  did  nothing  with  their  grant,  as  likewise  Oliver 
Ames,  of  Boston,  and  associates  with  a  charter  to  the  Massachusetts 
Ship  Canal  Company  passed  in  1895. 

The  ^lassachusetts  Maritime  Canal  Company  was  the  next  step, 
chartered  in  June,  1896,  the  projector  being  Mr.  William  G.  Bussey, 
and  one  of  the  incorporators  being  the  late  Elmer  L.  Corthell,  Past- 
President,  Am.  Soc.  C.  E.  The  charter  called  for  a  canal  of  increased 
dimensions,  viz.,  a  depth  of  25  ft.  at  mean  low  water  and  a  bottom 
width  of  100  ft.  Full  and  complete  engineering  and  commercial 
investigations  were  made  by  Mr.  (later  Dr.)  Corthell  and  the  late 
Alfred  P.  Boiler,  M.  Am.  Soc.  C.  E.  Mr.  Bussey,  ably  assisted  by 
Mr.  Corthell,  made  every  effort  to  secure  the  necessary  capital,  inter- 
esting in  the  project  men  like  Myron  T.  Herrick  of  Cleveland  and 
Lewis  Nixon  of  New  York,  but  finally  they  were  obliged  to  Jet  the 
charter  lapse. 

The  next,  and  as  it  proved  the  last,  step,  was  an  application  by 
]\[r.  DeWitt  C.  Flanagan,  in  1899,  for  a  charter,  which  was  passed 
on  June  1st  of  that  year,  incorporating  the  Boston.  Cape  Cod  and 
New  York  Canal  Company.  The  incorporators  named  in  the  act  are 
Alexander  Dow,  David  W.  Belding,  Charles  E.  Hoge,  Richard  G. 
Peters,  Thomas  F.  McGarry,  Walter  Clifford,  Charles  H.  Phelps, 
DeWitt  C.  Flanagan,  and  William  O.  Brown.  Mr.  C.  C.  Dodge  was 
elected  President  of  the  company,  holding  the  office  until  his  death 
in  1910. 
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The  company  appointed  Dr.  Cortliell  its  Engineer  with  Mr.  Charles 
M.  Thompson  in  charge  on  the  ground.  Arrangements  were  made  with 
the  Maryland  Trust  Company  of  Baltimore  to  assist  in  the  financing 
and  that  company  appointed  the  late  Alfred  L.  Rives,  M.  Am.  Soc. 
C.  E.,  Colonel,  U.  S.  Engrs.,  as  engineer  in  its  behalf.  Col.  Rives, 
a  member  of  the  Virginia  family  of  that  name,  and  formerly  an  officer 
in  the  Confederate  Army,  had  been  for  some  years  Superintendent  of 
the  Panama  Railroad  for  the  French  company  that  owned  the  railroad 
and  was  building  the  Panama  Canal.  Dr.  Corthell  and  Col.  Rives 
acted  as  joint  engineering  advisers,  rendering  valuable  assistance  in 
the  preparation  of  plans  and  in  various  hearings  before  the  State 
authorities.  Then  Mr.  Bussey  re-appeared  oh  the  scene  and,  as  counsel, 
prepared  an  operating  plan  for  carrying  out  the  work.  Unfortunately, 
however,  unfavorable  financial  conditions  arose,  the  Maryland  Trust 
Company  became  involved,  Mr.  Bussey  and  Col.  Rives  died,  and 
Mr.  Elanagan,  in  order  to  prevent  the  charter  from  lapsing,  was  com- 
pelled to  use  his  own  private  means  to  make  the  deposit  of  $200  000 
with  the  State  Treasurer  and  $25  000  with  the  County  Treasurer,  as 
required  by  the  charter,  to  insure  payment  for  land  expropriated  and 
claims  for  damages. 

Finally,  in  1904,  Mr.  Flanagan  laid  the  project  before  Messrs. 
August  Belmont  and  Company  of  New  York,  who  promised  to  take 
it  up  when  the  general  financial  outlook  should  brighten. 

Before  considering  the  charter  and  describing  the  canal,  it  should 
be  remarked  that  though  there  is  only  one  feasible  route  for  a  canal 
across  Cape  Cod,  as  stated  before,  other  routes  for  a  canal  westward 
from  Massachusetts  Bay,  of  quite  different  character  and  location, 
have  been  proposed.  Of  these,  the  one  most  persistently  advocated 
was  a  canal  from  Fore  River,  near  Boston,  via  Brockton,  Bridgewater, 
and  Taunton  to  ISTarragansett  Bay.  Such  a  canal  and  the  others  on 
similar  inland  routes  were  barge  and  not  ship  canals.  They  necessarily 
called  for  large  investment  and  required  many  locks,  and  as  the 
water  in  the  central  portion  would  have  been  fresh,  such  canals  would 
have  been  inoperative — like  the  Erie  Canal — during  the  winter.  Full 
plans  and  estimates  of  these  canals  have  never  been  prepared. 

The  act  incorporating  the  Boston,  New  York  and  Cape  Cod  Canal 
Company  is  known  as  Chapter  448,  Acts  of  1899,  and  has  been  amended 
by  Chapter  476  of  the  Acts  of  1900  and  Chapter  519  of  the  Laws 
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of  1910.  These  three  acts  constitute  the  cliarter  of  the  Canal  Com- 
pany, from  which  it  derives  all  its  powers  and  rights.  This  charter 
provides : 

1. — That  the  company  may  issue  its  capital  stock  to  the  extent 
of  not  exceeding  $6  000  000  and  bonds  to  the  extent  of  $6  000  000 ; 

2. — Eight  to  construct  and  operate  a  canal  from  Cape  Cod  Bay  to 
Buzzards  Bay,  with  all  structures,  wharves,  docks,  breakwaters,  etc., 
convenient  for  the  canal,  and  operate  steam  and  other  vessels; 

3. — That  the  canal,  including  its  approaches  in  the  open  waters 
of  Cape  Cod  and  Buzzards  Bays,  shall  have  a  minimum  doi)th  at  mean 
low  water  of  25  ft.,  a  minimum  width  on  the  bottom  of  100  ft.  at  that 
depth,  side  slopes  of  not  steeper  than  2  horizontal  to  1  vertical,  and 
consequently  a  minimum  water  surface  of  200  ft. ; 

4. — Powers  for  taking  land  and  liability  for  damages  similar  to 
those  of  railroads; 

5. — Obligation  to  reconstruct  the  portion  of  the  Old  Colony  Eail- 
road  (leased  to  the  New  York,  New  Haven  and  Hartford  Railroad) 
where  affected  by  the  construction  of  the  canal,  including  a  bridge 
or  tunnel  across  the  canal; 

6. — Obligation  to  provide  and  maintain,  without  charge,  ferries, 
bridges,  or  tunnels  for  highways; 

7. — Obligation  to  construct  highways  to  connect  with  the  cross- 
ings and  to  replace  those  destroyed  by  the  canal; 

8. — Obligation  to  deposit  with  the  Treasurer  of  the  Commonwealth 
$200  000  and  with  the  Treasurer  of  Barnstable  County  the  sum  of 
$25  000  as  guaranties,  that  land  damage  claims  will  be  paid; 

9. — Power  to  charge  tolls  for  the  use  of  the  canal  and  for  towing 
at  such  rates  as  the  directors  may  determine ; 

10. — Punishment  for  wilful  damage  of  the  canal  by  payment  to 
the  company  of  treble  the  amount  of  damage  sustained  and  by  a  fine 
not  exceeding  $1  000  or  imprisonment  for  not  exceeding  one  year ; 

11. — Official  control  by  the: 

Harbor  and  Land  Commission  as  to  approval  of  general  plans; 
Railroad  Commission  (now  the  Public  Service  Commission)  as  to: 
Relocation  of  Old  Colony  Railroad; 
Acceptance  of  bridge  or  tunnel  for  crossing  of  the  railroad  over 

or  under  the  canal; 
Fixing  of  rules  for  operating  said  bridge; 
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Joint  Board,  composed  of  the  above  two  boards  sitting  as  a  single 
board,  as  to : 
Issue  of  capital; 

Point  of  crossing  the  canal  by  the  Old  Colony  Railroad; 
Method   of    crossing    the    canal    by    highways,    whether    bridge, 

tunnel,  or  ferry; 
General  supervision  of  the  work; 
County   Commissioners  of  Barnstable  County   and   Selectmen  of 
the  towns  passed  through,  as  to : 
Relocation  of  highways ; 
Points  of  highway  crossing  of  the  canal; 
Condemnation  of  property. 

The  charter  also  provided  that  the  Harbor  and  Land  Commissioners, 
the  Railroad  Commissioners,  or  the  Joint  Board  may  employ  an 
engineer  or  engineers  whose  compensation  shall  be  paid  by  the  Canal 
Company. 

In  1909  Mr.  Belmont  decided  to  begin  construction,  and,  in  order 
to  provide  the  necessary  legal  machinery  through  which  financial 
arrangements  could  be  made,  he  organized  the  Cape  Cod  Construction 
Company,  which,  with  the  consent  of  the  Railroad  Commission  of 
Massachusetts,  took  the  contract  to  construct  the  canal  for  the  amount 
of  the  bonds  and  stock  authorized  by  the  charter,  namely,  bonds  bear- 
ing interest  at  5%  to  the  par  value  of  $6  000  000  and  59  900  shares  of 
stock  with  a  par  value  of  $100  each,  100  shares  of  stock  having  been 
previously  authorized  and  issued  to  the  incorporators. 

The  directors  and  officers  of  the  Cape  Cod  Construction  Company, 
since  tlie  work  began,  have  been  August  Belmont,  Charles  H.  Allen, 
P.  R.  Appleton,  E.  Mora  Davison,  A.  L.  Devens,  DeWitt  C.  Flanagan, 
W.  A.  Harriman,  E.  W.  Lancaster,  L.  P.  Loree,  Jacob  W.  Miller, 
William  Barclay  Parsons,  P.  DeC.  Sullivan,  Prederick  D.  Underwood, 
and  H.  P.  Wilson.  The  executive  officers  have  been  Mr.  Belmont, 
President;  Messrs.  Miller  and  Devens,  Vice-Presidents;  Mr.  John  J. 
Coakley,  Treasurer,  and  Mr.  U.  A.  Murdock,  Secretary. 

On  the  completion  of  the  canal  (when  the  contract  between  the 
Canal  Company  and  the  Construction  Company  was  declared  com- 
pleted), the  above  gentlemen,  except  Mr.  Devens,  who  died  while 
the  work  was  in  progress,  and  Mr.  -Davison,  became  directors  of 
the  Boston,   Cape  Cod  and  New  York  Canal  Company  in  charge  of 
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operation,  with  Mr.  Bclinoiit  ns  President,  and  i\Ir.  ]\Iillcr  as  Vice- 
President  and  General  Maiui^t^r. 

Prior  to  action  by  Mr.  Eehriont,  Mr.  Flanagan  and  his  associates 
had  had  surveys  made  and  plans  prepared  nnder  the  direction  of 
Dr.  Cortlu'U  niui  Cdl.  Kives.  When  the  Cape  Cod  Construction 
Company  was  formed,  the  writer  was  appointed  Chief  Enccineer 
of  that  company  and  of  the  Canal  Company  as  well,  and  made 
a  new  survey  of  the  route.  The  location  finally  adopted  was  sub- 
stantially that  made  by  Messrs.  Corthell  and  Rives,  except  that, 
in  actual  construction,  the  center  line  of  the  canal  was  placed  gen- 
erally 50  ft.  north  of  and  parallel  to  the  center  line  of  the  right  of 
way,  so  that  a  canal  with  a  bottom  width  of  200  ft.  could  be  con- 
structed by  widening  on  one  side  only  for  the  most  part.  This  addi- 
tional construction  would  place  the  axis  of  the  canal  coincident  with 
that  of  tlie  right  of  way.  Certain  modifications  in  the  location  of 
the  approach  channel  in  Buzzards  Bay  from  the  original  Corthell- 
Rives  plans  were  also  made  as  the  result  of  further  study  subsequent 
to  their  surveys. 

The  location  as  thus  determined  commenced  in  the  open  waters 
of  Cape  Cod  or  Barnstable  Bay,  off  the  unbroken  sand  beach,  about 
3  miles  north  of  the  Village  of  Sandwich  and  20  miles  south  of  the 
City  of  Plymouth.  It  then  traversed  the  low-lying  marshes  of  the 
Scusset  River  and  crossed  the  land  forming  the  divide  between  Cape 
Cod  and  Buzzards  Bays,  passing  through  a  depression  at  the  Village 
of  Bournedale,  where  the  surface  of  the  ground  on  the  location 
had  an  elevation  of  only  30  ft.  above  mean  sea  level,  although  it  rose, 
after  a  level  width  of  about  1 000  ft.,  occupied  by  the  location, 
to  an  elevation  of  about  125  ft.  on  both  sides.  Then  the  location 
followed  the  general  line  of  the  jMonument  River,  the  depth  of  which 
varied  from  1  to  4  ft.,  to  Buzzards  Bay.  In  Buzzards  Bay  the  exist- 
ence of  shallow  shoals  wnth  many  boulders  prevented  (except  at 
prohibitive  cost)  the  construction  of  a  straight  channel  from  the 
mouth  of  the  Monument  River  to  deep  water  in  Buzzard's  Bay  off 
Wings  Neck  Light,  so  the  location  as  adopted  followed  the  general 
line  of  the  existing  natural  channel,  which  required  two  turns. 

The  details  of  this  location,  with  a  ]irofile  of  the  surface  along 
the  center  line  of  the  canal,  are  showni  by  Fig.  2.  A  line  drawn 
from  the  center  of  the  canal  at  the  mouth  of  the  Monument  River 
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to  the  center  of  the  canal  at  the  Cape  Cod  Bay  end  lies  almost  exactly 
due  east  and  west  (magnetic).  The  canal,  therefore,  was  considered 
as  running  east  and  west,  and  for  convenience  this  was  considered 
diagrannnatically  true  of  the  Buzzards  Bay  approach,  although  the 
actual  variations  are  considerable. 

The  ])ortion  of  the  canal  under  the  jurisdiction  of,  and  control 
by,  the  State,  and  covered  by  the  charter,  extends  from  the  beach 
line  of  Cape  Cod  Bay,  known  as  Station  11  +  70,  to  the  mouth  of  the 
Monument  River,  known  as  Station  417  -\-  18.4,  both  being  stations  of 
the  canal  survey.  For  such  distance,  40  548.40  ft.  the  company  owns 
a  right  of  way  1 000  ft.  wide  for  9  230  ft.,  at  the  east  end,  and 
600  ft.  wide  from  Station  104  +  00  to  Station  417  +  18.4.  This 
length  is  referred  to  as  the  "canal  proper",  being  the  limits  of  the 
portion  belonging  to  the  company  and  over  which  tolls  can  be  col- 
lected. The  approaches  in  Cape  Cod  Bay  and  in  Buzzards  Bay  beyond 
these  limits  are  in  open  w^aters,  over  which,  the  United  States  main- 
tains jurisdiction  and  for  which  there  is  no  right  of  way  or  charter, 
excavation  having  been  done  under  a  permit  from  the  War  Depart- 
ment. 

The  original  plans  of  Messrs.  Corthell  and  Rives  contemplated  three 
passing  places,  with  an  extra  bottom  width  of  100  ft.,  which,  after 
discussion  with  the  engineer  of  the  Joint  Board,  were  concentrated 
at  the  ends,  so  that  the  canal  as  built,  out  of  a  total  length  of  68  600 
ft.  has  only  30  800  ft.,  or  less  than  6  miles  out  of  13  miles,  with  the 
minimum  width  of  100  ft.  on  the  bottom.  In  the  canal  proper,  changes 
in  direction  are  effected  by  curves  with  radii  varying  from  7  589.49  ft. 
(1.5  miles  nearly)  to  15  113.04  ft.  (2.86  miles),  the  longest  curve 
being  9  522  ft.;  and  in  Buzzards  Bay  by  the  tangents  meeting  with 
deliection  angles  without  curves,  a  straight-line  widening  being 
niade  on  the  inside  of  the  angles  to  give  vessels  swinging  room  in 
turning. 

The  chief  features  of  the  location  are  as  follows : 

Length: 
In  feet.  In  miles. 

Canal  proper  (Stations  11  +  70  to  417  +  18.4) .  40  548.40  =  7.68 
Dredged   approach,    Cape    Cod    Bay    (Stations 

0  —  14  to  11  +  70) 2  570.00  =   0.49 

Dredged    approach.    Buzzards    Bay    (Stations 

417  +  18.4  to  672) 25  481.60  =   4.83 
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Length,  in  feet. 

5  7  589.49  to  7  639.49 
i  11  509.19 
7  639.49 
(  11  409.19 
i  15  113.04 
11  459.19 


Lkngth: 
In  feet.  In  miles. 

Total  dredged  waterway   (Stations  0  —  14  to 

672) 68  600.00  =  13.00 

Tangents  in  canal  proper 12  342.66  =    2.34 

Tangents  in  Cape  Cod  Bay 2  570.00  =    0.49 

Tangents  in  Buzzards  Bay 25  493.29  =    4.83 

Number  of  curves  in  canal  proper 4 

Length  of  curves  in  canal  proper: 

Radius,  in  feet. 
(  3  536.25 
i  1  429.81 

9  009.33 
(  6  999.92 
I  2  522.28 
5  773.33 
Total  length  of  curves  in  canal  proper :    29  270.92  ft.  =  5.54  miles. 

Number  of  angular  turns  in  Buzzards  Bay 2 

Deflection  angles  of  turns:    Station  430 43°   14' 

"         540 50°  29'  41" 

Length  with  bottom  width  of  300  ft 4  400  ft. 

"  "  "  "      "    250  " 27  200    " 

"      ''    200  " 3  000    " 

"      "    150  " 1 500    " 

"  "  "  "      ''100" 30  800    " 

"  "  "      "    250  to  450  ft.   (turns) 4  000    " 

"  "  "  "      "    200  to  300    "    transition..   1000    " 

"      ''    150  to  250    "  "         .  .      300    " 

"  "  "  "      "    100  to  200    "  "         .  .      400    " 

Slight  apparent  discrepancies  will  be  noted  in  some  of  the  fore- 
going figures.  The  explanation  is  that  the  total  lengths  of  the  canal 
are  given  as  measured  on  the  center  line  of  the  location,  but  the 
detailed  lengths  of  the  curves  and  tangents  are  those  of  the  present 
canal,  as  actually  constructed,  offset  from  the  center  line  of  the  right 
of  way.  When  the  canal  is  widened  and  the  two  center  lines  become 
coincident,  the  summation  of  the  lengths  of  curves  and  tangents  will 
agree  with  the  total  lengths  as  given,  and  the  varying  lengths  of  the 
radii  of  the  compound  curves  will  disappear. 

The  adopted  cross-sections  of  the  canal  are  shown  on  Fig.  3,  in 
which  the  steepest  slope  in  the  canal  proper  is  put  at  1  on  2  to 
a  point  6  ft.  above  high- water  level;  in  the  approaches,  however,  where 
wave  action  is  more  pronounced,  and  no  opporttmity  is  afforded  to 
protect  the  slopes  against  wave  action,  the  minimum  slopes  were  made 
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1  on  3.  As  there  is  considerable  difference  in  tidal  elevation  at  the 
two  ends,  the  mean  amplitude  of  the  tide  at  the  eastern  end  beins 
nearly  10  ft.,  the  bottom  grade  of  the  canal  is  on  a  slope  in  order 
to  give  a  depth  of  25  ft.  at  mean  low  water.  Thus  the  elevation  of 
the  bottom  of  the  canal  at  the  east  end  is  30  ft.  below  mean  sea 
level,  and  at  the  west  end  it  is  27.5  ft.  The  slope  of  the  bottom, 
however,  is  on  a  curved,  and  not  a  straight,  line,  as  the  heights  of 
mean  high  and  mean  low  water  in  the  canal  proper  make  concave  and 
convex  curves,  respectively,  all  of  which  details  will  be  referred  to 

later. 

CROSS-SECTIQNS 
BOSTON,  CAPE  COD,  AND  NEW  YORK  CANAL 


CANAL 


^Mean  Low  Wate 


APPROACH  CHANN.EL 
Fig.  3. 

At  the  west  end  the  approach  and  canal  entrance  are  land  locked 
and  required  no  special  consideration,  but  at  the  east  end  the  canal 
debouches  on  an  open  sandy  shore,  with  full  exposure  to  winds  coming 
from  any  part  of  the  quadrant  north  to  east.  Winds  west  of  north 
(magnetic)  are  broken  by  the  high  ground  south  of  Plymouth,  and 
winds  east  of  northeast  (magnetic)  are  partly  broken  by  the  low- 
lying  cape  25  miles  distant  and  by  the  land  constantly  getting  nearer 
as  the  bearing  approaches  south,  when  the  land  makes  a  complete  lee. 
Between  north  and  northeast  the  winds  have  a  clean  sweep  from  the 
Maine  coast,  a  fetch  of  180  miles. 

To  protect  the  easterly  entrance  to  the  canal,  and  permit  vessels 
to  enter  at  times  of  storm,  there  were  designed  and  constructed  two 
parallel  breakwaters,  800  ft.  apart.  The  larger  one,  on  the  north  side, 
has  a  length  of  3  000  ft.  from  the  contour  of  mean  high  water,  and 
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pi'ovides  protection  against  north  and  northeast  winds.  The  smaller, 
1  000  ft.  long,  on  the  south  side,  is  intended  to  stop  the  littoral  sand 
movement  from  the  south. 

Other  works  required  were:  the  protection  of  the  slopes  with  rip- 
rap from  6  ft.  below  mean  low,  to  6  ft.  above  mean  high,  water,  the 
relocation  of  the  railway,  the  construction  of  certain  bridges  and 
ferries,  highways,  lighting  system,  and  other  aids  to  navigation,  all 
of  which  will  be  described  in  order. 

The  surveys  and  plans  being  complete,  a  contract  was  made  on 
May  15th,  1909,  after  competitive  bidding,  with  the  Degnon  Cape  Cod 
Canal  Construction  Company,  a  contracting  organization  incorpo- 
rated specially  to  excavate  the  canal  and  its  approaches,  build  the 
breakwater  and  protect  the  banks  with  rip-rap.  All  other  required 
works  were  specifically  exempted  and  reserved  for  other  contracts  with 
this  or  other  contractors. 

This  company  was  owned  jointly  by  the  Degnon  Contracting  Com- 
pany of  New  York  and  the  Furst-Clark  Contracting  Company  of 
Baltimore,  and  it  sub-contracted  to  the  Degnon  Company  the  break- 
water and  bank  rip-rap,  and  to  the  Furst-Clark  Company  all  the 
excavation. 

Having  thus  given  a  condensed  sketch  of  the  history  of  the  enter- 
prise and  of  the  facts  leading  to  the  execution  of  the  main  contract, 
the  principal  details  of  actual  construction  will  be  considered  separately. 

Excavation. — The  work  was  formally  begun  by  Mr.  Belmont  "turn- 
ing the  first  sod"  on  June  22d,  1909,  though  actual  construction  was 
started  on  June  19th  by  the  Degnon  Contracting  Company  depositing 
the  first  stone  in  the  breakwater.  The  contractors  recognized  that 
the  breakwater  must  be  advanced  so  as  to  afford  some  lee  for  a  dredge 
to  cut  through  the  beach  of  Cape  Cod  Bay. 

The  Furst-Clark  Company,  dredging  , contractors  of  long  and 
varied  experience,  considered  that  the  excavation,  certainly  of  the 
canal  proper,  could  be  done  almost  wholly  by  hydraulic  dredges,  and 
arranged  for  such  plant,  except  in  the  approach  channel  in  Buzzards 
Bay,  where,  spoil  area  for  pumping  not  being  available,  the  material 
had  to  be  dug  and  removed  in  scows.  They  acted  promptly,  placing 
the  dredge  Kennedy  at  work  in  Buzzards  Bay  on  August  2d.  This 
dredge  was  of  the  "ladder"  type  with  f-cu.  yd,  buckets;  it  was  followed 
on   October   25th   by    Coastwise   Dredge   No.   1,   a   small   "clam-shell" 
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machine.  Tlio  ])lan  was  that  tlicsc  dredges,  to  be  assisted  hy  others 
later,  were  to  cut  a  deep  channel  through  to  the  Monument  River  to 
permit  hydraulic  dredges  to  enter  and  excavate  the  canal  proper  while 
excavators  of  other  types  were  completing  the  approach  channel. 

On  October  16th  the  first  attempt  to  cut  through  at  the  east  end 
was  begun  by  the  Mackenzie,  a  22-in.  hydraulic  dredge,  starting  as 
close  to  the  beach  as  it  could  work.  The  attempt  was  not  successful. 
As  the  breakwater,  in  its  early  stage,  provided  but  little  protection, 
and  as  the  waters  were  exposed,  the  dredge  had  to  be  withdrawn  either 
to  Provincetown  or  Plymouth  every  time  a  storm,  or  even  high  wind, 
was  threatened.  Finally,  in  December,  the  plan  was  abandoned,  and 
the  Xahanf,  a  small  clam-shell  dredge  with  a  long  boom,  was  floated 
in  through  the  Scusset  Kiver  and  sliallow  channels  crossing  the 
marshes  into  what  remained  of  the  old  Lockwood  excavation.  On 
January  24th,  1910,  this  dredge  began  to  work  seaward,  opening  the 
old  canal  which  had  become  closed  at  the  beach,  and  placing  the  exca- 
vated material  on  shore.  On  April  7th,  it  had  cut  a  way  through  to 
open  water,  and  on  the  following  day  the  Mackenzie  entered  the  canal 
and  the  Nahant  was  withdrawn. 

With  the  idea  of  removing  some  of  the  over -burden  in  the  dry,  the 
contractors  erected  in  December,  1909,  and  January,  1910,  two  "drag 
line"  excavators.  The  former  continued  in  operation  until  November, 
1910,  and  the  latter  until  February,  1911.  The  results  were  very  unsat- 
isfactory, as  these  machines  were  not  adapted  to  the  soil  to  be  ex- 
cavated, and  were  too  heavy  to  move  over  rough  and  swampy  ground. 
They  involved  the  contractors  in  a  heavy  loss. 

In  the  spring  of  1910  the  Furst-Clark  Company  placed  at  work 
another  22-in.  hydraulic  dredge  (known  as  Numher  9)  at  the  east 
end  to  work  in  tandem  with  the  Mackenzie,  and  at  the  west  end  the 
4-cu.  yd.  dipper-dredge,  Bothfeld,  followed  in  August  by  the  Onondaga, 
a  9-cu.  yd.  dipper-dredge,  and  in  September  by  a  smaller  machine,  the 
Neponset.  In  July,  the  Bothfeld  having  deepened  the  channel  suffi- 
ciently, the  Warren,  a  12-in.  hydraulic  dredge,  entered  the  Monument 
River  and  began  spoiling  on  shore. 

By  this  time  the  contractors  realized  that  they  faced  a  much  more 
serious  task  than  they  had  anticipated.  The  material  contained  so 
many  boulders  and  such  a  high  proportion  of  cobbles,  cemented  gravel, 
and  stiff  clay  that  it  could  not  be  excavated  completely  by  hydraulic 
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dredges  except  in  places,  and  recourse  must  be  had  to  "dipper"  ma- 
chines. The  contractors  thereupon  purchased  the  plant  of  another 
company,  consisting  of  three  dipper-dredges :  the  National,  Capitol, 
and  International,  with  buckets  of  from  5  to  6  cu.  yd.  and  the  Federal, 
a  small  hydraulic  dredge.  The  first  three  arrived  in  Buzzards  Bay  in 
I^ovember  and  December,  1910,  but  the  Capitol  and  National  were  at 
once  towed  around  the  Cape  to  the  east  end  to  assist  the  Mackenzie, 
which  was  having  difficulty  with  the  hard  material,  the  Number  9 
having  been  already  withdrawn. 

At  this  time  there  were  at  work  one  first-class  hydraulic  dredge, 
one  old  ladder-dredge,  in  good  condition  but  not  adapted  to  this 
work,  one  small  hydraulic  dredge,  and  five  dipper-dredges,  all  old  and 
of  designs  fitted  for  digging  only  soft  material,  and  it  was  evident 
that  the  plant,  even  as  reinforced  by  the  purchase  of  the  hydraulic 
and  the  three  dipper-dredges,  would  not  suffice.  Arrangements  were 
then  made  to  remove  some  top  material  by  steam  shovels,  work  which 
the  excavators  had  failed  to  do.  Two  shovels,  with  2  and  2J-cu.  yd. 
buckets,  were  set  to  work  during  the  summer  of  1911,  when  the 
Federal  started  at  the  west  end  of  the  canal,  and  the  Suffolk,  another 
12-in.  hydraulic,  took  the  place  of  the  Warren. 

The  contractors  were  soon  compelled,  however,  to  realize  that  their 
dipper-dredges,  or  in  fact  any  other  dipper-dredges  then  in  existence, 
vrere  wholly  unsuited  to  the  allotted  tasks,  and  that,  if  they  were  to 
complete  the  work,  powerful  modern  equipment  must  be  obtained. 
Then,  at  the  end  of  2  years,  instead  of  at  the  outset,  orders  were  given 
foi:  the  construction  of  two  powerful  dipper-dredges,  the  Governor 
Warfield  and  the  Governor  Herrick. 

These  dredges  were  designed  and  built  by  The  American  Locomo- 
tive Works,  of  Paterson,  IST.  J.,  being  advised  by  A.  W.  Robinson, 
M.  Am.  Soc.  C.  E.,  and  Mr.  A.  D.  Morris,  Mechanical  Engineer  of  the 
Furst-Clark  Company.  The  hulls  are  of  steel,  135  ft.  long,  42  ft. 
wide  (though  50  ft.  wide  over  the  forward  spud  sponsons),  7  ft.  draft 
when  resting  on  the  spuds,  and  10  ft.  maximum  draft  when  floating. 
The  forward  spuds  are  70  ft.  long  and  42  in.  square  in  cross-section, 
with  ''pin-up"  and  "pick-up"  operation  by  cable.  The  stern  spuds 
are  70  ft.  long  and  30  in.  square,  with  rack  and  pinion  pick-up.  All 
spuds  are  made  of  braced  steel  plates.  The  forward  spuds  are  placed 
so  that  the  boom  can  swing  through  an  arc  of  180°,  a  necessary  feature 
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wlieu  a  dredge  is  to  work  iu  a  heading  and  load  scows  alongside. 
The  boom,  57  ft.  long,  is  of  the  rigid  Robinson  model.  The  dipper- 
handle,  of  eomposite  steel  and  wood  constriu'tion,  is  2  ft.  G  in.  by  2 
ft.  8  in.  in  cross-section,  and  G2  ft.  10  in.  long,  capable  of  digging  in 
40  ft.  of  water.  On  the  boom,  controlling  the  dipper-handle,  is  a 
"crowding"  engine,  which  is  controlled  by  the  dipper  tender. 

For  each  operating  part  of  the  dredge  there  is  a  separate  engine, 
as  follows : 

1  Main    hoisting    engine;     two    18    by   24-in.    cylinders;     single 

condensing. 
1  Backing  driun,  operated  by  inain  engine. 

1  Swinging  engine;  two  10  by  14-in.  cylinders;  single  condensing. 

2  Forward    spud    engines;    two    12    by    15-in.    cylinders;    single 

condensing. 
2  Aft  spud  engines;  two  8  by  8-in.  cylinders;  single  condensing. 
1  Crowding  engine;  two  12  by  15-in.  cylinders;  non-condensing. 

1  Dipper  latch  engine;   7  by  24-in.  cylinder;  non-condensing. 

2  Deck  engines;  two  9^  by  12-in.  cylinders;  single  condensing. 
2  Capstan  engines;  two  6  by  8-in.  cylinders;  single  condensing. 

1  Rock  hoist  engine;  two  8  by  12-in.  cylinders;   single  condens- 
ing; capable  of  lifting  60  tons. 
1   Surface  condenser ;  1  500  sq.  ft.  cooling  surface. 
1  Refrigerating  plant. 
1  Electric  light  engine;  10  kw. 

1  Air  compressor.  *  i 
5  Pumps. 

2  Scotch   marine  boilers,   IIG   in.   in   diameter,   7   ft.   long;   1350 

sq.  ft.  of  heating  surface,  capable  of  generating  steam  at  135 
lb.  pressure. 
1  Auxiliary  vertical  boiler;  48  in.  in  diameter,  9  ft.  high. 

The  dippers  are  of  two  sizes,  10  cu.  yd.  for  sand,  gravel,  etc.,  and 
8  cu.  yd.  for  rock.  The  main  hoisting  cable  is  a  single  line,  2J  in.  in 
diameter.  The  backing  spud  and  swinging  cables  are  If  in.  and  2^ 
in.  in  diameter,  respectively.  By  avoiding  sharp  turns  in  the  cables 
and  using  large  sheaves  where  turns  were  necessary,  a  very  high 
average  life  of  cable  is  secured.  The  main  and  backing  cables  will 
dig  about  300  000  cu.  yd.,  scow  measure,  of  hard  material.  The  spud 
cables  will  last  for  about  1  year  of  continuous  work  for  the  "'pin-up" 
and  nearly  2  years  for  the  "pick-up"  cables;  the  swinging  cables  will 
last  from  5  to  7  months. 
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The  vessels  are  equipiDed  with  quarters  for  double  crews,  including 
an  inspector's  room,  and  a  large  galley  with  separate  messroorns  for 
officers  and  crew. 

These  dredges  were  built  on  the  canal.  The  plates  for  the  hull 
were  sent  to  the  site  punched,  and,  after  the  hulls  had  been  constructed 
and  launched,  the  several  engines,  built  at  Paterson,  were  shipped 
in  pieces  and  erected  on  board. 

After  tuning  up  and  some  reconstruction,  these  two  machines  have 
made  an  extraordinary  record.  The  best  single  day's  record  was  more 
than  8  000  cu.  yd.,  and  the  best  month  131000  cu.  yd.,  in  both  cases 
"place"  measurement,  although  dredges  are  usually  rated  by  scow 
measurement,  which  includes  a  swell  of  from  15  to  20  per  cent. 
These  records  were  accomplished,  not  in  an  open  seaway  with  plenty 
of  room,  but  in  a  narrow  channel,  and  in  a  closed  heading  involving 
the  turning  of  nearly  every  scow  so  as  to  load  both  ends.  The  scows 
were  also  necessarily  small,  usually  having  a  capacity  of  from  600  to 
700  cu.  yd.,  and  the  material  dug  was  very  hard  sand  when  at  best, 
and  contained  boulders  running  up  to  30  and  40  tons.  The  average 
record,  as  shown  by  9  consecutive  months  when  engaged  in  straight 
work,  was  more  than  95  000  cu.  yd.  per  month. 

The  operating  crew  for  double  shift — so  as  to  give  continuous 
service — consists  of  from  25  to  28  men  for  two  shifts  as  follows: 

1  Captain, 

1  Chief  Engineer,  ^ 

1  Second  Engineer, 

2  Operators, 

2  Dipper  tenders, 

1  Handy  man,  with  rank  of  dipper  tender, 

2  Oilers, 

6  Firemen  (3  shifts), 

2  Mates, 

6  Deckliands, 

1  Cook, 

1  or  2  Messboys. 

When  in  continuous  operation,  11  tons  of  soft  coal  are  burned 
daily.  The  Herrich  began  work  in  July,  and  the  Warfield  in 
August,  1912. 
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While  these  (hvdyes  were  bein^  built,  tlie  Cliief  Eu^iiueer  urged 
the  eontraetors  to  get  nioi'e  plant  at  work  in  the  central  jjortiou.  One 
plan  that  was  considered  to  increase  the  plant  was  to  place  the  large 
hydraulic  dredge  Mackenzie  on  railway  trucks  and  on  a  special  ship 
railway  transport  it  over  the  right  of  way  from  about  Station  140  to 
about  Station  220,  where  a  pool  in  tlie  Monument  River  could  be 
formed  to  permit  it  to  begin  work.  This  plan  was  abandoned  in 
favor  of  building  u  new  liull  for  the  Federal,  and  erecting  in  it  new 
boilers  but  retaining  tlie  old  pumj)  and  maeliinery,  and  converting 
the  dredge  at  the  same  time  into  a  15-in.  machine.  This  was  done, 
and  the  reconstructed  Federal  was  set  to  work  inland  in  August,  1912. 
By  thus  starting  an  operating  unit  between  the  headings,  the  same 
advantage  was  obtained  as  sinking  a  shaft  in  tunnel  work. 

As  excellent  and  economical  as  were  the  dredges  War  field  and 
Ilei'rick,  they  were  built  too  late  to  permit  the  work  to  be  completed 
witiiin  the  limits  of  the  contract.  In  August,  1912,  the  Construction 
Company  made  a  separate  contract  with  the  E.  W.  Foley  Construction 
Company  for  a  steam  shovel  to  assist  in  the  removal  of  the  over- 
burden, and  in  the  autumn  of  that  year  took  up  with  the  Degnon 
Cape  Cod  Canal  Construction  Company  the  whole  question  of  carry- 
ing on  the  work.  The  outcome  of  this  was  the  dissolution  of  that 
company,  and  the  making,  as  of  November  1st,  1912,  of  two  contracts 
directly  with  the  component  partners  in  that  company  who  had  here- 
tofore been  acting  as  sub-contractors.  The  Degnon  Contracting 
Company  undertook  to  complete  all  the  stone  work,  under  the  terms 
and  conditions  of  the  original  contract,  which  they  carried  out.  The 
Furst-Clark  Construction  Company  took  over,  under  a  direct  contract, 
but  under  different  terms  from  the  original  contract,  all  the  excava- 
tion except  such  as  the  Construction  Company  might  do  itself  or 
under  other  contracts  with  other  parties,  including  the  single  Foley 
contract  already  in  force. 

When  it  was  first  fully  realized  that  the  excavation  was  more  dif- 
ficult, not  only  than  originally,  but  even  after  considerable  experi- 
ence, expected,  the  writer  urged  on  the  general  contractor  the  advisa- 
bility of  extending  the  operations  of  the  steam  shovels,  and  even  to 
take  2  or  3  miles  in  the  central  portion  of  the  canal  proper,  and 
not  only  remove  the  part  above  ground-water  level,  which  was  about 
Elevation  108,  by  shovels,  as  they  were  doing  in  a  small  way,  but  to 
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erect  pumps,  carry  the  Monument  River  in  a  flume  around  the  work 
and  then  complete  the  excavation  of  the  canal  to  grade  and  rip-rap 
the  banks  in  the  dry,  breaking  up  the  boulders  encountered  for  this 
purpose.  The  contractors,  however,  were  afraid  that  an  excavation 
to  a  depth  of  36  ft.  below  the  level  of  ground-water  and  having  a 
width  at  the  bottom  of  100  ft.  for  a  distance  of  from  10  000  to  15  000 
ft.  in  a  soil  composed  chiefly  of  sand  and  gravel,  would  be  one  that 
could  not  be  kept  siifficiently  dry,  and  they  declined  to  undertake  it. 

When  the  excavation  contract  was  remade,  in  December,  1912,  but 
efi^ective  as  of  November  1st,  the  Construction  Company,  realizing 
that  the  Furst-Clark  plant  could  not  probably  complete  the  work  as 
quickly  as  desired,  decided  to  undertake  itself  the  working  of  steam 
shovels  below  water  level,  and  made  a  new  contract  with  the  Foley 
Company,  with  profits  dependent  on  success.  In  addition  to  its  2-cu. 
yd.  shovel  already  at  work,  the  Foley  Company  purchased  a  2J-cu. 
yd.  shovel,  which  had  been  working  in  the  dry  under  a  sub-contract 
with  the  Furst-Clark  Company,  which  work  was  substantially  com- 
pleted. 

At  first  a  stretch  of  work  between  about  Stations  235  and  255  was 
taken,  and  a  steam  shovel  put  in.  This  section  was  selected  because  the 
Monument  River  between  these  points  lay  in  its  old  bed,  outside  of  the 
canal  excavation.  It  was  soon  found  that  the  difiiculty  of  maintaining 
a  sufficiently  dry  excavation  to  a  depth  of  at  least  10  ft.  below  ground- 
water was  negligible,  and  it  was  decided  to  extend  the.  operations.  The 
Foley  Company  arranged  for  a  third  shovel. 

The  Monument  River  flows  into  the  canal  at  Station  195,  coming 
from  the  north  and  almost  at  right  angles  to  it.  To  the  eastward  of 
this  station  the  ground  above  Elevation  108  had  been  removed,  and  as 
this  was  but  little  higher  than  the  elevation  of  the  bed  of  the  river,  a 
small  dam  was  sufficient  to  divert  its  flow  to  the  eastward,  so  that  the 
only  water  to  be  encountered  was  ground  seepage.  Four  natural  dams 
were  left,  at  Stations  208,  216,  234,  and  276.  It  was  first  expected  to 
confine  operations  between  the  dams  at  Stations  216  and  276,  but 
afterward,  when  it  was  seen  that  the  advance  progress  of  the  dredge  at 
the  east  end  was  slower  than  scheduled,  excavation  by  steam  shovel  was 
extended  to  the  section  lying  between  Stations  216  and  208. 

The  pumping  plant  consisted  of  four  centrifugal  pumps,  with  11-in. 
suction   and   12-in.    discharge,   driven   by   General   Electric   induction 
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motors  developing  50  h.  p.  at  550  volts;  two  5-iu.  centrii"up:al  pumps, 
direct-connected  to  550-volt  induction  motors;  one  10-in.  and  one 
S-in.  steam  pump. 

At  one  time  the  whole  excavation  from  Stations  208  to  276  (6  800 
I't.)  was  open,  and  a  large  part  with  an  average  depth  of  at  least  20 
ft.  below  the  level  of  ground-water,  and  the  foregoing  plant,  which  had 
one-half  in  reserve,  was  amply  sufficient  to  keep  the  trench  free  of 
water.  In  fact,  one  of  the  large  pumps  running  steadily  would  have 
sufficed. 

The  maxinuini  depth  made  by  the  Foley  Company  was  a  cut  at 
Elevation  85  (mean  sea  level  being  100),  or  23  ft.  below  the  elevation 
of  ground-water.  Between  Stations  208  and  216  the  bottom  of  the  pit 
was  at  about  Elevation  95;  between  Stations  21G  and  234  at  90;  and 
between  Stations  234  and  276  from  85  to  90.  Some  of  the  boulders 
encountered  were  broken  by  blasting,  and  the  pieces  were  used  to  rip- 
rap the  north  bank  of  the  excavation  between  Stations  220  and  265. 

The  Foley  shovels  were  served  by  narrow-gauge  locomotives  and 
4-cu.  yd.  cars. 

The  first  of  the  dams  to  be  removed  by  a  dredge  was  that  at  Station 
276,  then  followed  the  dams  at  Stations  208  and  216,  in  order,  leaving 
tliat  at  Station  234  for  the  last. 

The  Furst-Clark  Company  continued  using  its  dredging  equip- 
ment, but  with  the  addition  of  another  old  dipper-dredge,  the 
Weymouth,  with  a  5-cu.  yd.  dipper,  while  the  Foley  Company  operated 
three  steam  shovels  by  the  aid  of  pumps  under  a  separate  contract. 
Thus  the  work  continued  during  1913,  and  by  June,  1914,  the  only 
remaining  excavation  in  sight  was  the  Foley  dam  at  Station  234.  This 
was  removed  in  July,  andlhe  formal  opening,  but  of  a  canal  not  to  full 
depth  at  all  points,  was  on  July  29th,  1914.  On  the  following  day  the 
canal  was  thrown  open  to  commercial  traffic  by  vessels  drawing  not 
more  than  15  ft. 

Immediately  after  the  opening,  the  Furst-Clark  Company  objected 
to  continuing  the  work  of  completion  with  traffic  having  the  right  of 
way,  and  stopped  work  in  September.  An  arrangement  was  then 
effected  whereby  the  Construction  Company  undertook  the  work  of 
completion,  the  Furst-Clark  Company  turning  over  the  dredge  War- 
field  and  some  other  iilant  for  use  by  the  Construction  Company. 
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In  the  completion  of  the  work  the  Construction  Company  used 
three  dredges  and  two  corps  of  divers  and  lighters.  As  it  was  decided 
to  maintain  traffic,  it  was  desirable  that  the  plant  used  in  the  portion 
of  the  canal  where  the  bottom  width  was  100  ft.  should  occupy  the 
minimum  of  space.  An  investigation  showed  that  much  of  the  material 
in  this  portion  could  be  handled  by  a  powerful  suction-dredge,  and 
such  a  machine  was  found  in  Dredge  No.  S,  belonging  to  the  Metro- 
politan Dredging  Company,  Mr.  R,  P.  Marshall,  President.  This 
dredge  had  a  20-in.  suction,  and  an  engine  capable  of  developing  1  000 
h.  p.  It  was  chartered,  set  to  work  in  December,  1914,  and  dismissed 
from  charter  on  October  2d,  1915,  during  which  time  it  rendered  most 
efficient  service.  Dredge  A,  of  the  Standard  Engineering  Company, 
also  a  20-in.  machine,  was  taken  under  charter  and  used  to  complete 
the  excavation  at  the  east  end.  The  Warfield  worked  generally  in  the 
wider  portions  of  the  canal  and  the  approaches,  although  it  was  iised 
in  the  100-ft.  section,  as  it  was  found  that,  with  a  little  practice,  scows 
could  be  shifted  from  alongside  to  ahead  and  back  to  permit  vessels 
to  pass. 

When  the  Warfield  was  first  used  in  the  100-ft.  section,  the  dredge 
worked  only  on  a  fair  tide,  as  it  could  not  move  itself  and  the  scow 
against  the  current.  As  soon  as  the  spuds  were  lifted,  the -weight  of 
the  dipper  on  the  bottom  was  not  sufficient  to  hold  the  dredge,  and  it 
would  slip  back.  The  suggestion  was  made  by  W.  J.  Douglas,  M.  Am. 
Soc.  C.  E.,  Deputy  Chief  Engineer  of  the  Canal  Company,  to  turn 
the  dredge  at  slack  water,  taking  up  a  new  position,  so  that  it  would 
always  be  working  in  the  direction  of  the  current.  This  movement  was 
easily  performed,  the  crew  soon  becoming  so  expert  that  substantially 
continuous  service  was  secured. 

The  great  obstacle  to  be  overcome  in  th@'  completion  of  the  excava- 
tion was  the  removal  of  the  boulders,  which  were  found  in  surprisingly 
large  numbers,  even  when  the  canal  was  considered  finished.  The 
small  lumps  which  were  expected  to  flatten  out  by  wave  action  were 
found  in  nearly  every  case  to  be  the  ends  of  boulders,  and  to  remove 
them  meant  the  digging  up  of  boulders  that  were  embedded  many 
feet.  Similar  experience  was  had  on  both  banks,  where  the  existence 
of  boulders  could  be  detected  only  by  divers.  Other  boulders  were 
found  lying  along  the  toes  of  the  side  slopes,  whither  they  had  been 
apparently  rolled  by  the  dipper-dredges. 
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These  bouklers  were  located  by  sweeping  and  by  divers,  and  were 
removed  either  by  hoisting  in  slings,  attached  by  the  divers,  by  large 
steam  lighters,  or  were  broken  by  blasting  and  the  pieces  disposed  of. 
Tlic  blasting  was  done  usually  by  placing  charges  of  dynamite  on  top 
of  the  boulder,  depending  on  the  overlying  water  to  act  as  tamping. 
The  explosive  used  was  du  Pont  75%  gelatine  dynamite,  the  charge 
varying  from  '25  to  200  lb.  The  best  results  seemed  to  be  produced  by 
charges  of  about  50  lb.,  even  if  they  had  to  be  repeated,  the  second  and 
subsequent  charges  being  inserted  in  the  fissures  made  by  the  first. 

Boulders  as  large  as  80  tons  have  been  thus  disposed  of;  the  total 
number  handled  by  divers,  either  by  blasting  or  slings,  was  about  700, 
weighing  in  the  aggregate  perhaps  3  500  tons. 

A  large  piece  of  work  teaches  lessons  of  two  classes:  successes  and 
mistakes.  The  second  class  is  quite  as  important  as  the  first,  if  not 
more  so.  The  lessons  of  the  first  class  usually  need  no  historian,  for 
they  always  speak  for  themselves,  whereas  those  of  the  second  class 
are  too  frequently  buried  and  lost  sight  of.  The  work  of  excavation 
of  this  canal,  the  largest  single  item  in  its  construction,  is  not  without 
lessons  of  the  second  class. 

The  first  of  these  was  the  failure  to  see  that  in  work  of  this  char- 
acter the  steam  shovel  is  superior  to  the  dredge.  The  excavation  con^ 
tract  being  taken  by  a  company  whose  great  experience  was  in  dredging 
naturally  led  them  to  use  that  method  of  attack,  overlooking  the  wonder- 
fully elastic  capabilities  of  the  American  steam  shovel. 

In  open  water,  dredging  is  the  only  method  of  excavating.  As 
many  units  as  desired  can  be  used,  and  progress  is  not  absolutely 
dependent  on  any  particular  one.  In  the  case  of  a  canal  excavated 
through  land,  unless  some  means  are  devised  for  attack  at  intermediate 
points,  advance  depends  entirely  on  the  ability  of  the  dredges  at  the 
two  headings  to  maintain  continuous  performance.  In  practice  this 
is  very  far  from  realization.  Any  accident,  any  stoppage  for  repairs, 
and  the  whole  advance  at  that  end  ceases.  By  the  very  nature  of  the 
machine,  there  can  be  no  reser\'e.  Interest,  hire  of  plant,  overhead 
expenses,  and  much  labor  cost  continue,  regardless  of  whether  progress 
is  or  is  not  made.  Economy,  therefore,  demands  that  progress  should 
be  as  nearly  continuous  as  possible,  in  order  to  carry  this  heavy  over- 
burden. In  the  case  of  the  Cape  Cod  Canal,  the  irregularity  in  the 
character    and   composition    of   the   soil    greatly   hampered    successful 
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dredging  operations.  A  single  boulder  would  frequently  delay  a  whole 
unit — dredge,  tugs,  and  scows — for  many  hours.  Even  when  not  de- 
layed, progress  was  measured  by  the  capacity  of  only  two  machines. 

By  the  use  of  steam  shovels,  the  reverse  takes  place.  Each  unit  is 
comparatively  inexpensive,  and  is  independent  of  any  other.  There- 
fore, many  can  be  used  economically,  and  shovels  can  be  held  in  reserve 
to  take  the  place  of  any  temporarily  disabled,  reducing  loss  through 
idle  plant  to  the  minimum.  Thus  a  long  stretch  of  work  can  be  covered 
with  plant,  instead  of  having  it  concentrated  at  two  points.  With  soil 
so  variable  in  character  as  that  at  Cape  Cod,  it  is  of  the  greatest  benefit 
to  have  it  exposed  to  sight.  Boulders  which  turned  beneath  water  were 
annoying  and,  through  delay  to  plant,  expensive,  bothered  steam  shovels 
scarcely  at  all.  If  too  large  to  lift,  they  were  rolled  to  one  side,  and 
after  the  shovel  had  passed,  were  broken  by  blasting  and  the  parts 
picked  up  on  the  next  cut. 

Every  one  admitted  the  feasibility  of  removing  by  shovels  the 
material  lying  above  ground-water  level,  and  the  general  contractors 
began  such  work  as  soon  as  it  was  seen  that  rapid  progress  by  hydraulic 
dredges  was  not  to  be  expected.  The  fear  was  of  the  difficulty  of  suc- 
cessfully and  permanently  lowering  the  water  level.  Experience  showed 
that  there  was  no  serious  difficulty  in  keeping  the  trench  unwatered. 
The  economical  programme  would  have  been  to  have  constructed  dams 
at  about  Station  112,  where  there  was  a  highway,  and  at  Station  317, 
where  there  was  a  railway  embanl^ment,  and  to  have  put  in  a  battery 
of  larger  steam  shovels,  with  dippers  of  5  cu.  yd.  capacity,  served  by 
standard  gauge  equipment.  These  shovels  would  have  handled  with- 
out trouble  all  the  small  boulders  and  fragments  of  the  blasted  ones, 
and  the  large  cars  would  have  received  them  without  damage.  Between 
these  limits  there  were  about  6  500  000  cu.  yd.,  of  which  about  4  500  000 
cu.  yd.  were  below  the  level  of  ground-water.  One-half  of  the  canal 
proper  (20  500  ft.)  could  have  been  thus  unwatered  and  fully  completed 
in  the  dry,  with  all  boulders  removed,  slopes  trimmed  to  even  planes, 
floor  leveled,  and  banks  carefully  protected  by  hand-placed  rip-rap. 

While  this  work  was  progressing  the  part  east  of  Station  112  could 
have  been  excavated  by  a  hydraulic  dredge,  the  Scusset  marshes  afford- 
ing convenient  spoiling  area,  a  few  hard  lumps  being  removed  at  the 
end  by  a  dipper-dredge.  West  of  Station  317  two  dredges  of  the  War- 
field  type  should  have  been  built,  and  should  have  worked  in  tandem. 
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eoiiipleting  the  eliiuuiel  1'ih)ui  Wings  Neck  Light.  In  the  approach 
chnnnel  in  Buzzards  Bay  there  were  about  3  250  000  cu.  yd.,  and  between 
the  west  end  of  the  ennal  iu'iiikt  and  Station  olT  about  1  750  000  cu.  yd. 
Of  the  hitter  perhaps  one-half  could  have  been  put  ashore  by  a  light- 
draft  hydraulic  dredge,  as  was  done  in  part,  making  a  good  channel 
for  one  of  the  larger  dipper-dredges  to  work  in  to  complete  to  Station 
317.  In  this  way  there  would  have  been  used  two  large  dipper-dredges, 
one  large  hydraulic  dredge,  one  small  hydraulic  dredge,  one  clam-shell 
to  cut  through  the  east  beach,  as  was  done  by  the  Nahant,  and  fovir  or 
five  large  steam  shovels.  Such  a  plant,  by  putting  practically  the  whole 
length  under  construction  simultaneously,  could  have  completed  the 
canal  in  3  years.  Instead  of  ten  units  there  were  actually  used  no  less 
than  twenty-six. 

The  second  lesson  was  the  use  of  antiquated  instead  of  modern  plant. 
In  Table  1  the  work  of  fifteen  dredges  is  showoi  comparatively  by  giving 
the  total  output  of  each  dredge  while  it  was  on  the  work,  the  equivalent 
number  of  months  worked,  and  the  average  per  month.  This  table 
includes  all  vicissitudes  of  the  work — time  lost  through  stress  of 
weather,  repairs,  delay  in  the  scow  service,  and  other  causes.  The 
average,  therefore,  is  one  of  good  and  bad,  and  the  time  each  dredge 
worked  was  sufficiently  long  to  give  a  fair  average  of  all  conditions. 
The  number  of  months  worked  is  a  fair  reduction  of  the  time  given  by 
months  when  the  dredge  was  actually  in  service,  including  the  time 
laid  up  for  small  repairs.  Where  the  dredge  was  absent  from  the  work 
for  one  whole  month  that  time  has  not  been  included.  The  names  are 
not  given,  except  in  the  cases  of  the  Warfield  and  the  Herrick,  as  it  is 
unnecessary  to  make  special  and  invidious  comparisons. 

TABLE  1. — CoMPAUisox  of  ttie  Work  of  Dredges. 


Dredge. 

Total  output, 
in  cubic  yards. 

Months. 

Average  per 

month.  In 
cubic  yards. 

Warfield 

1265  800 

1  294  800 
bKi  500 

1  064  400 
C03  8C0 

1  197  600 
822  200 
779  800 
732  800 

14 

15.5 

14 

26 

17 

39.5 

33 

85 

48.5 

90  000 

Herrick 

83  600 

Dipper-dredge,  No.  1 

Ladder-dredge,  No.  1 

41700 
40  900 

Dipper-dredge,  No  2 

37  000 

Dipper-drfdge,  No.  3 

Dipper-dredge,  No.  4 

Dippfr-dredge,  No  5 

30  300 
24  900 
22  300 

Seven  other  small  dredges 

15  000 
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From  Table  1  it  will  be  seen  that  the  Warfield  did  nearly  two  and  one- 
quarter  times  as  much  work  as  the  nearest  dipper-dredge,  and  four  times 
as  much  as  the  poorest  dipper-dredge,  exclusive  of  the  small  dredges  the 
output  of  which  has  been  appended  with  an  average  of  15  000  cu.  yd. 
per  month.  The  Warfield  was  no  more  expensive  to  operate  than 
Dipper-dredge  iSTo.  1,  as  the  latter  machine  was  very  costly  on  account 
of  repairs.  The  other  machines  were  at  least  two-thirds  as  expensive 
to  operate  as  the  Warfield,  although  their  output  was  very  much  less. 
In  one  month  the  thirteen  other  dredges  would  excavate,  on  the  aver- 
age, 302  000  cu.  yd.,  or  a  trifle  more  than  three  times  the  average  out- 
put of  the  Warfield.  In  this  respect  it  must  be  kept  in  mind  that  the 
hard  work  was  saved  entirely  for  the  Warfield  and  Herrich,  as  the 
other  dredges  were  incapable  of  handling  it. 

It  will  be  seen,  therefore,  that  had  specially  designed  dredges  been 
set  to  work  at  the  outset,  they  would  have  more  than  paid  for  them- 
selves during  the  construction  of  the  canal. 

As  an  interesting  comparison,  the  two  20-in.  hydraulic  dredges 
rempved  2  558  300  cu.  yd.  in  26  months,  or  an  average  of  100  000  cu. 
yd.  per  month,  and  the  small  hydraulic  dredge  Federal  removed  613  800 
in  32  months,  or  an  average  of  19  200  cu.  yd.  per  month.  The 
excavators  removed  316  200  cu.  yd.  in  22J  months,  an  average  of 
14  000  cu.  yd.  per  machine  per  month ;  and  the  steam  shovels  removed 
2  077  600  cu.  yd.  in  89J  months,  an  average  of  23  200  cu.  yd.  per  shovel 
per  month,  and  these  were  small  shovels  served  by  narrow-gauge  equip- 
ment, put  in  as  an  experiment.  The  excavators  and  the  shovels  worked 
on  a  single  shift,  but  all  the  dredges  worked  continuously  on  double 
shift. 

Including  excavation  made  by  the  Metropolitan  and  Standard 
dredges  and  by  other  dredges  used  directly  by  the  Canal  Company,  the 
total  excavations  amounted  to  about  15  000  000  cu.  yd. 

Breakwater. — The  breakwater  at  the  east  end  was  necessary  to  pro- 
tect the  mouth  of  the  canal  from  littoral  drift  and  to  afford  protection 
to  vessels  entering  and  leaving  in  time  of  heavy  weather. 

The  principal  clauses  in  the  specifications  describing  it  are  as  fol- 
lows: 

The  shore  end  shall  extend  from  the  mean  high  water  mark  at  a 
uniform  height  of  10  ft,  above  the  beach  until  it  intersects  the  bluff 
or  dune.     The  beach  and  the  sides  of  the  dune  forming  the  surface  of 
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tliis  intersection  shall  be  rii)-rixpped  for  the  distance  and  to  the  extent 
as  directed  to  form  a  secure  revetment,  with  stones  weighing  at  least 
100  lb. 

The  stone  will  be  deposited  in  the  structure  so  as  to  construct 
a  breakwater  of  a  uniform  width  of  25  ft.  at  a  point  18  ft.  above  mean 
low  water. 

From  the  top  to  a  point  12  ft.  below  mean  low  water  the  seaward 
or  northeasterly  slope  shall  be  1  on  2,  and  thence  to  the  base  the  slope 
on  the  seaward  side  shall  be  1  on  1. 

The  harbor  or  southeasterly  side,  shall  be  constructed  throughout 
with  a  slope  of  1  on  1. 

The  mean  rise  and  fall  of  the  tide  is  about  10  ft. 
The  stone  must  weigh  at  least  160  lb.  per  cu.  ft.,  must  be  strong 
and   durable,   and   not   subject   to   disintegration  by   being   wholly   or 
partly  submerged  in  sea  water. 

Below  the  level  of  12  ft.  below  mean  low  water,  and  in  the  core,  that 
is  to  say,  not  nearer  than  10  ft.  from  the  outside  line  of  the  breakwater, 
the  stone  may  be  of  any  size  convenient,  provided  that  no  stone  shall 
be  of  less  weight  than  100  lb.,  and  that,  at  least  50%  of  the  stones  shall 
weigh  not  less  than  1  ton  each. 

Within  the  space  above  defined,  i.  e.,  the  core  below  12  ft.  below 
mean  low  water,  coarse  gravel  and  sand  shall  be  dumped  into  and  among 
the  stones  as  directed,  and  to  the  quantity  ordered  by  the  Engineer. 

Below  12  ft.  below  mean  low  water  and  on  the  faces  of  the  break- 
water, i.  p.,  the  outward  10  ft.  of  each  slope,  no  stone  shall  be  less  than 
500  lb.  in  weight  and  at  least  50%  shall  be  2  tons  or  more  each  in 
weight. 

Above  the  level  of  12  ft.  below  low  water  no  stones  shall  be  used 
that  weigh  less  than  3  tons  each,  except  that  where  directed  smaller 
stones  may  be  used  to  fill  in  openings  and  to  provide  firm  bearings  for 
the  larger  stones,  and  at  least  25%  must  weigh  6  tons  each.  Nor  shall 
any  stone  be  used  in  this  position  of  which  the  least  dimension  is  less 
than  one-fourth  of  its  greatest. 

In  the  absence  of  scales  or  other  convenient  method  of  weighing 
separate  stones,  the  judgment  and  decision  of  the  Engineer  as  to  the 
weight  of  various  stones  and  as  to  the  proportions  of  stones  of  various 
weights  as  specified  in  the  above  paragraphs  shall  be  final  and  binding 
upon  the  Contractor. 

The  weight  of  stone  deposited  will  be  determined  by  water  displace- 
ment, and  in  order  to  determine  the  correct  displacements,  the 
Contractor  may  be  required  to  have  the  vessels  accurately  "weighed 
in''  and  distinctly  marked,  at  his  own  expense;  the  "weighing 
in"  and  marking  to  be  done  under  supervision  of  the  Engineer.  In 
"weighing  in"  the  vessel  must  be  kept  in  the  same  fore  and  aft  trim 
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that  is  to  \>e  used  when  freighting  stone.  When  fore  and  aft  readings 
of  a  loaded  vessel  diifer  by  more  than  10%  of  their  mean,  the  Con- 
tractor will  be  required  to  move  enough  stones  to  make  the  difference 
between  the  fore  and  aft  readings  less  than  10%  before  the  stone  will 
be  received. 

As  the  work  progressed  it  was  decided  by  the  Engineer  to  depart 
from  the  usually  accepted  standard  of  breakwater  construction,  as  illus- 
trated in  the  foregoing  extracts  from  the  specifications,  and  omit  any 
attempt  at  compact  hearting  by  using  only  such  small  stones  as  came 
normally  mixed  with  the  large  ones,  and  omitting  all  gravel  and  sand. 
The  result  is  a  breakwater  with  large  voids,  such  as  naturally  form 
between  large  irregular  blocks.  The  resulting  effect  seems  to  be  that 
any  vacuum  following  a  receding  wave  is  impossible,  the  large  voids 
giving  free  movement  to  the  air.  Waves  on  striking  the  breakwater  are 
liroken  partly  by  direct  shock  and  partly  by  dissipation  in  these  large 
voids.  No  stones  have  been  displaced  on  the  seaward  side  since  the 
final  setting,  except  at  the  extreme  outer  end,  as  will  be  referred  to 
presently;  and,  in  spite  of  the  large  voids,  sand  does  not  apparently 
travel  through  the  breakwater.  On  the  shore  end  the  beach  has  built 
itself  out  so  as  to  make  a  curve  between  the  face  of  the  breakwater  and 
the  shore  line,  which  are  at  right  angles  to  each  other.  "Wliere  the  sand 
is  thus  built  up  it  is  10  ft.  higher  on  the  outside  than  on  the  inside  of 
the  breakwater,  which  at  that  point  has  a  thickness  of  62  ft.  The  sand, 
therefore,  seems  to  assmne  a  slope  through  the  breakwater  of  about  1 
on  G. 

Fig.  4  shows  a  cross-section  of  the  breakwater  as  originally  planned. 
In  addition  to  the  change  in  specifications  describing  composition,  one 
change  was  made  in  the  profile  during  construction.  Although  the 
stones  were  stable  at  a  slope  of  1  on  1  on  the  inside  face,  the  contractors 
found  diificulty  in  placing  them  at  that  slope,  so  that  they  were  per- 
mitted to  flatten  it  from  low-water  level  up  by  narrowing  the  top  from 
.25  ft.,  as  shown,  to  about  22  ft. 

The  total  length  of  the  l)reakwater  is  3  000  ft.,  carrying  the  outer 
end  to  where  the  water  is  35  ft.  deep  at  mean  low  water,  the  total  height 
of  the  breakwater  at  the  end  being,  therefore,  53  ft.  In  its  construction, 
326  456  tons  of  stone  were  used. 

Parallel  v/ith  the  breakwater  and  800  ft.  from  it,  a  smaller  jjreak- 
water  has  been  built  on  the  south  side  of  the  cliannel.     This  smaller 
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structure,  1  000  ft.  long,  and  extending  to  a  depth  of  8  ft.,  is  intended 
to  check  any  littoral  drift  of  sand  from  south  to  north  being  deposited 
in  the  channel.  It  is  carried  up  so  as  to  be  exposed  at  high  water,  and 
contains  9  192  tons  of  stone. 

The  stone  in  the  main  breakwater  and  in  the  "sand  catcher"  was 
exclusively  granite  brought  across  Massachusetts  Bay,  first  from  quar- 
ries in  Maine  and  afterward  from  near  Cape  Ann.  It  was  shipped  in 
schooners,  and  on  arrival  at  the  canal  was  transferred  to  lighters  and 
thence  placed  by  floating  derricks.  Weight  was  computed  by  vessel 
displacement,  as  provided  in  the  specifications,  payment  being  made 
per  ton  of  2  000  lb.  in  place  in  the  breakwater. 

The  only  damage  that  the  breakwater  has  sustained  was  during  the 
high  gale  on  January  13th,  1915,  when  stones  above  mean  sea  level  at 
the  outer  end,  for  a  distance  of  about  200  ft.,  were  removed  by  the 
waves.  The  damage  began  at  the  end  and  then  continued  by  succes- 
sive cutting  back,  stones  being  knocked  off  separately  as  each  in  turn 
found  no  support  on  one  side.  The  damage  was  repaired  by  using  larger 
boulders  and  by  building  on  somewhat  flatter  slopes  at  the  end,  the 
previously  displaced  boulders  lying  on  the  flanks  giving  a  broad  base  on 
which  to  build. 

Rip-rap. — The  banks  of  the  canal,  consisting  of  sand  and  gravel, 
required  protection  against  wave  action,  which  protection  it  was  de- 
cided should  be  provided  by  loosely  deposited  material  rather  than  any 
form  of  paving.    Accordingly,  the  specifications  were  drawn  to  read : 

After  any  section  of  the  canal  has  been  constructed  to  its  finished 
prism  long  enough  for  all  slips,  slides,  and  settlements  to  have  taken 
place,  and  as  soon  as  the  banks  have  assumed  a  permanent  and  stable 
position  the  Engineer  may  order  the  construction  of  the  wash  walls 
or  revetment.  This  wall  will  be  constructed  within  the  limits  shown  in 
Drawing  No.  6  and  will  consist  of  a  rough  pavement,  dumped  into  place 
and  18  in.  thick,  of  one-man  stone. 

Small  inequalities  in  the  alignment  or  slope  of  the  bank  shall  be 
leveled  up  and  made  smooth  before  the  placing  of  the  wash  walls. 

In  actual  practice  the  stones  varied  in  weight  from  5  to  150  lb.  each. 

Fig.  3  shows  how  the  rip-rap  was  placed  with  respect  to  the  water 
surface  as  shown  on  Contract  Drawing  No.  6,  referred  to  in  the  speci- 
fications. In  general,  it  extended  from  a  point  about  6  ft.  above  mean 
high  water  to  6  ft.  below  mean  low  water,  which  gave  a  protected  sur- 
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face  42  ft.  wide,  measured  on  the  slope  at  the  east  end  of  the  canal, 
where  the  tidal  ranp:e  is  greatest. 

At  tlie  western  end  of  tlie  eaiial,  from  Station  360  to  the  north  of 
the  Monument  River,  rip-rap  has  been  omitted,  as  not  being  deemed 
necessary  because  the  estuary  of  the  river,  here  canalized,  gives  a 
wider  water  surface,  and  the  banks  are  protected  naturally  by  tough 
marsh  grass.    Experience  has  confirmed  this  assumption. 

The  rip-rap  is  of  granite.  That  used  in  the  easterly  half  came  from 
the  quarries  that  furnished  the  large  stones  for  the  breakwater;  some 
of  the  stone  at  the  westerly  end  came  from  the  quarries  on  Long 
Island  Sound,  but,  after  the  last  dam  was  cut  and  traffic  was  opened 
through  the  canal,  the  remainder  of  the  stone  came  from  Cape  Ann. 

About  one-half  of  the  cut  made  by  the  Foley  Company  was  rip- 
rapped  in  the  dry  by  that  company  with  broken  boulders  from  the 
excavation,  the  remainder  being  done  by  the  general  rip-rap  contractor 
after  water  was  admitted. 

The  stone  which  was  brought  to  the  work  came  in  schooners  and 
was  transferred  to  lighters.  It  was  dumped  on  the  banks  from  scale 
boxes  holding  about  2  tons  each,  and  was  spread  by  hand  at  low  water, 
though  the  derrick  men  soon  became  sufficiently  expert  to  do  consider- 
able of  the  spreading  by  sweeping  the  scale  boxes  up  the  back. 

The  quantity  of  rip-rap  placed  was  144  397  tons. 

It  was  expected  that,  when  the  operation  of  the  canal  began,  the 
effect  of  waves  from  passing  vessels  might  scour  the  banks  below  the 
rip-rap  so  as  to  cause  the  latter  to  slide  down,  and  require  additional 
material  to  be  added  to  the  top.  This  possibility  of  easy  repair  is  one 
of  the  great  merits  of  loosely  placed  rip-rap,  which  quality  also  tends 
to  localize  damage  if  it  settles  at  any  point,  the  loose  stones  quickly 
finding  a  new  bed.  Rigid  pavement,  on  the  other  hand,  may  resist 
falling  until  much  sand  has  been  displaced  behind  it,  and  the;i  collapse 
over  a  large  area.  Other  advantages  are  low  first  cost,  rapidity  of  execu- 
tion, and  rough  surface  to  check  wave  action  and  tidal  current. 

After  30  months  of  operation  only  very  trifling  repairs  have  been 
made.  This  permanent  condition  of  the  rip-rap  is  due  partly  to  the 
naturally  hard  condition  of  the  material  composing  the  banks  and 
partly  to  the  depth  to  which  the  rip-rap  has  been  carried,  apparently 
below  serious  wave  action. 
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Work  on  the  breakwater  was  begun  in  June,  1909,  and  was  finished 
in  December,  1913,  in  35  months  of  actual  working  time.  It  could  have 
been  completed  earlier  had  there  been  necessity.  Progress  in  placing 
rip-rap  was  naturally  governed  by  canal  excavation,  but  was  at  the 
maximum  in  1914,  when  8  400  tons  were  placed  in  1  month. 

Railway  Reconstruction. — The  Old  Colony  Railroad  Company,  now 
leased  to  the  JSTew  York,  New  Haven  and  Hartford  Railroad  Com- 
pany, owned  the  line  from  Boston  to  the  Cape.  It  was  a  double-track 
line  from  Boston  to  the  station  known  as  Buzzards  Bay,  where  it 
forked  into  two  single-track  lines,  one  crossing  the  Monument  River 
at  Buzzards  Bay  and  running  to  Woods  Hole,  the  other  turning  east 
and  running  up  the  valley  of  the  river  and  thence  along  the  hook  of 
the  Cape  to  Provincetown.  The  latter  line  not  only  occupied  a  por- 
tion of  the  lands  required,  for  the  canal  location,  but  actually  crossed 
the  canal  line  three  times. 

The  Canal  Company's  charter  contemplated  the  taking  of  the  Rail- 
road Company's  right  of  way,  under  projDer  safeguards  to  the  latter's 
operation.  Conferences  with  the  engineers  of  the  New  Haven  and  the 
Old  Colony  Railroad  Companies — for  the  latter  still  maintains  its  full 
corporate  existence — resulted  in  an  agreement : 

To  relocate  both  branches  from  Buzzards  Bay  station,  and,  though 

leaving  the  actual  physical  junction  at  the  station,  to  make  a 

single  crossing  of  the  canal  for  both  lines,  with  the  point  of 

divergence  on  the  south  bank; 

To  relocate  a  short  piece  of  the  Woods  Hole  line  from  the  point  of 

divergence  to  connect  with  the  existing  line; 
To  relocate  the  Provincetown  line  along  and  near  the  south  side 
of  the  canal  right  of  way  until  it  intersected  the  old  line  east 
of  Bourne,  and  again  to  relocate  a  piece  at  Bournedale,  where 
the  railroad,  in  order  to  avoid  heavy  cutting,  crossed  and  re- 
crossed  the  canal  location. 

Previous  to  these  changes,  the  junction  of  the  lines  was  at  the 
north  end  of  the  Buzzards  Bay  station,  but  after  the  relocation  was 
completed  the  junction  point  was  at  the  south  end  of  the  station,  and 
this  change  required  a  complete  reconstruction  of  the  Buzzards  Bay 
yard.  The  old  junction  and  yard  switches,  with  their  signals,  were  con- 
trolled by  lever  operation,  a  system  tliat  could  not  be  altered  to  in- 
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elude  a  draw-bridfyc  with  its  home  and  distant  signals  on  the  fur  side 
of  a  waterway  all  interlocked  and  controlled  from  a  central  tower. 
'1  lu'  niecluuiical  system,  therefore,  was  abandoned  and  a  new  electro- 
pneumatic  plant  put  in.  All  told,  there  were  6.3  miles  of,  single  main 
track  and  1.2  miles  of  side  track  newly  constructed.  The  quantity  of 
track  work  was  not  large,  but  the  expense  was  proportionately  high,  as 
the  yard,  signals,  water  supply,  and  bridges  brought  the  total  cost  to 
$370  274.05,  in  addition  to  which  the  Railroad  Company  bore  the  ex- 
pense of  a  new  station  building  and  certain  extensions  of  the  signal 
system  that  were  not  thought  to  be  called  for  by  the  presence  of 
the  canal.  The  only  items  in  the  railroad  construction  that  are 
of  interest  are  the  main  drawbridge  and  other  bridges,  and  these  are 
described  in  detail.  The  contract  for  railroad  work  was  taken  by 
the  Dcgnon  Contracting  Company  and  sublet  to  the  Wilson  and 
English  Construction  Company. 

Highways. — The  highways  proved,  an  annoying  detail  to  adjust. 
Those  existing  before  the  canal  construction  began  were  wholly  in- 
compatible with  the  operation  of  a  ship  waterway,  there  being  no  less 
than  seven  crossings  of  the  location,  and.  if  any  of  these  crossings  were 
abandoned,  certain  pieces  of  i^roperty  would  be  left  without  access. 
After  many  local  public  hearings,  and  discussions  with  the  County 
Commissioners  and  Selectmen  of  the  towns,  it  was  finally  decided 
to  construct  highways  on  both  sides  of  the  canal,  so  as  to  provide 
continuous  east  and  west  facilities,  and  to  restrict  the  actual  crossings 
to  three,  at  the  Villages  of  Bourne,  Bournedale,  and  Sagamore.  The 
decision  as  to  whether  these  crossings  were  to  be  by  bridge,  ferry, 
or  tunnel  was  by  the  charter  left  to  the  Joint  Board,  who  ordered 
bridges  at  Bourne  and  Sagamore,  and  a  ferry  for  passengers  only  at 
Bournedale.  These  bridges  will  be  considered  in  connection  with  the 
railroad  bridge. 

New  highways,  4.4  miles  in  length,  including  the  portions  occupied 
l\v  bridges,  were  constructed,  and  0.(5  mile  was  resurfaced,  all  of  whicli 
the  local  authorities  insisted  shovild  be  built  to  a  standard  never 
before  observed  in  that  part  of  Massachusetts,  involving  heavj'  earth 
cuttings  and  embankjnents. 

Fig.  5  shows  the  railroad  and  highways  as  they  existed  before  and 
after  relocation,  with  the  points  of  crossing. 
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Bridges. — There  are  three  bridges  across  the  canal.  The  charter 
requirements  required  the  canal  to  have  a  prism  with  a  bottom  width 
of  100  ft.,  but  the  directors  realized  that  it  would  be  only  a  question 
of  a  short  time  when  a  wider  canal  would  be  required — one  sufficiently 
broad  to  permit  tows  to  pass  in  opposite  directions,  and  a  deeper 
canal  to  accommodate  battleships  or  vessels  drawing  niore  than  25  ft. 
Although  the  canal  can  be  deepened  or  widened  at  any  time,  bridges 
are  rigid  obstructions  that  can  be  altered  only  by  complete  recon- 
struction. The  directors,  therefore,  decided  to  build  in  the  first 
instance  bridges  larger  than  were  demanded  to  meet  the  require- 
ments of  the  charter,  and  large  enough  to  fit  a  canal  of  such  increased 
dimensions  as  could  be  reasonably  foreseen  as  probably  necessary. 
After  considering  various  designs  and  estimates,  channel  draw-spans 
of  160  ft.  in  length,  from  center  to  center  of  piers,  were  adopted,  with 
foundations  to  a  depth  permitting  the  canal  to  be  made  more  than 
30  ft.  deep. 
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RAILROAD  AND  HIGHWAY  RELOCATION 
Fig.   5. 


Swing  bridges  were  out  of  the  question,  as  central  piers  would 
completely  block  a  straight  channel.  For  the  railroad  bridge,  after 
conferences  with  the  engineers  of  the  New  Haven  Railroad  Com- 
pany, the  Strauss  type  of  trunnion  bascule  bridge  was  selected,  to  be 
built  to  meet  the  New  York,  New  Haven  and  Hartford  Railroad 
bridge  specifications  of  1908,  which  contemplatfe  two  engines  of  con- 
solidation type  with  60  000  lb.  per  driving  axle,  30  000  lb.  leading  axle, 
and  39  000  lb.  per  tender  axle,  or  65  000  lb.  per  axle  on  two  axles  7 
ft.  apart  for  details.  The  general  elevations  and  cross-section  are 
shown  on  Fig.  6. 
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kSpecial  specifications  to  cover  the  design  of  a  bascule  bridge  of 
til  is  type,  and  not  contemplated  by  the  railroad  specifications,  were 
added,  of  the  important  clauses  of  which  the  following  is  a  summary: 

Impact  of  motion:  333%  of  dead-load  stress  in  structural  steel 
members  during  the  motion  of  bridge  to  be  added. 

Operating  machinery :  This  designed  to  withstand  a  wind  pres- 
sure of  20  lb.  per  sq.  ft.  of  the  moving  leaf,  and  the  motors 
strong  enough  to  open  or  close  the  bridge  through  the  full 
angle  of  the  opening  in  1^  min.  against  a  wind  pressure  of 
5  lb.  per  sq.  ft.,  or  in  2  min.  against  a  wind  pressure  of  15 
lb.  per  sq.  ft. 

Machinery  unit  stresses : 

Trunnions  and  pins 15  000  lb.  per  sq.  in. 

Slow-speed   shafting 16  000    "      "  " 

High-speed  shafting 12  500    "      "  " 

Slow-speed  gears 17  500    "      " 

Medium-speed  gears 9  000    "      "  " 

High-speed  gears 9  000    "      "  " 

Bearing  in  journals  during  motion : 

Trunnions    1  700    "      " 

Slow-speed   shafting 500    "      " 

High-speed  shafting 500    "'      " 

Motors :  The  main  operating  motors  are  two  65-h.p.  direct-current 
motors,  capable  of  carrying  an  overload  of  50%  for  10  min. 
and  100%  for  5  min. 

For  the  substructure  of  the  Buzzards  Bay  Bridge  the  Chief  Engi- 
neer of  the  New  Haven  Railroad  Company  requested  that  concrete 
should  not  be  exposed  to  the  action  of  salt  water,  especially  between 
high  and  low  water,  on  account  of  the  generally  unsatisfactory 
experience  with  this  material  in  Boston  Harbor  and  vicinity,  and 
that  the  piers  should  be  lined  on  the  outside  with  durable  stone. 

Fig.  7  shows  the  main  details  of  the  three  piers.  There  were  no 
masonry  abutments,  as  the  connection  from  the  draw-span  to  the 
shore  Avas  made  by  wooden  pile  trestles  of  the  New  Haven  Railroad 
standard.  The  piers  were  numbered  in  order  from  the  north  end: 
1,  2,  and  3,  the  canal  flowing  between  Piers  2  and  3.  The  maximum 
load  falls  on  Pier  1,  due  to  the  counterweight.  Piers  2  and  3  divide 
the  liA'e  load,  but  the  former  supports  a  greater  portion  of  the  weight 
of  the  truss.  The  weights  carried  by  the  three  piers,  therefore,  vary 
greatly. 
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Oil  account  oi  the  large  area  needed  for  the  bases  of  the  piers, 
especially  of  Pier  1,  it  was  decided  to  excavate  by  dredges  to  the 
necessary  depth  and  place  an  open  caisson  on  piles. 

The  specifications  required,  in  general : 

That  the  facing  should  be  of  granite  in  18  to  20-in.  courses,  to 
the  under  side  of  the  coping,  which  was  to  be  of  concrete. 

The  piles  were  to  carry  not  exceeding  24  tons  each,  with  a  niini- 
ruuni  diameter  of  8  in.  at  the  tip  and  12  in.  at  one-third  the 
distance  from  the  butt. 

The  concrete  in  the  foundations  or  hearting  was  to  be  mixed  in 
the  proportion  of  1  part  cement,  2 J  parts  sand,  and  5  parts 
broken  stone  or  gravel,  in  which  boulders  might  be  embedded. 
In  the  concrete  in  the  coping  course  the  proportions  were 
1:  2:  4. 

The  cement  was  to  be  of  an  accepted  brand,  and  to  give  the  fol- 
lowing tensile  strengths: 

Tensile  Strength,  in  Pounds  per  Square  Inch. 
Mixture,  24  hoursT  7  days.  28  days. 

1:0  175  500  575 

1:2  —  225  300 

1:3  —  175  225 

-A  minimum  increase  of  12%  from  7  to  28  days  was  required  for 
neat  briquettes,  and  20%  for  sand  briquettes  mixed  1 :  2. 

The  maximum  content  of  anhydrous  sulphuric  acid  (SO.,)  was 
1.75%,  and  of  magnesia  (MgO)  3%,  and  no  addition  greater 
than  3%  to  the  ingredients  making  up  the  cement  subse- 
quent to  calcination  was  permitted. 

The  contract  was  taken  by  the  ITolbrook,  Cabot  and  Rollins  Cor- 
poration, of  Boston,  and  work  was  begun  on  November  9th,  1909. 

A  clam-shell  dredge  was  brought  through  the  old  railroad  trestle, 
snd  dug  the  three  pits,  so  that  the  piles  could  be  driven.  Although  a 
jet  and  hammer  were  used  in  combination,  no  greater  penetration 
than  an  average  of  19  ft.  could  be  made  with  the  piles  for  Pier  1,  and 
15  ft.  for  Piers  2  and  3,  on  account  of  the  very  dense  sand  and  gravel. 
The  specifications  called  for  20  ft.,  and,  to  make  up  for  the  deficiency, 
twenty-two  extra  piles  were  driven  under  Pier  2.  The  details  are 
clearly  shown  on  Fig.  7. 

The  elementary  features  of  the  superstructure,  which  is  a  Strauss 
bascule,  are  fixed  trunnions  and  parallel  link  motion  of  the  counter- 
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weig-ht.  Equilibrium  is  maintained  by  four  pins  forming  the  corners 
of  a  painlk'lofiram  arranged  so  as  to  make  the  angular  movement  of 
the  counterweight  frame  eqiial  to  the  angular  movement  of  the  mov- 
able span.  The  reactions  of  the  main  trunnion  pier  and  the  counter- 
v/eight  trunnion  pier  are  both  always  vertical,  as  the  horizontal  com- 
ponents neutralize  each  other  in  any  position  of  the  bridge. 

The  structural  parts  of  the  bridge  consist  of :  The  movable 
single-arm  channel  span,  A  (Fig.  8),  the  counterweight  frame,  B, 
ligidly  connected  to  the  concrete  counterweight,  C,  the  connecting 
link,  D,  the  operating  strut,  E,  and  the  tower,  F,  supporting  the 
counterweight. 

The  mechanical  parts  consist  of  the  operating  machinery,  the  main 
trunnions,  tlie  counterweight  trunnions,  the  link  pins,  and  the  aux- 
iliary apparatus. 


Fig.  8. 

The  movable  channel  span  consists  of  two  Warren  trusses  rigidly 
framed  together  by  the  floor  system  carrying  a  double-track  railroad. 
The  length  of  span  is  160  ft.  from  center  to  center  of  piers,  the 
trusses  being  29.6  ft.  from  center  to  center.  The  elevation  of  the 
base  of  rail  is  12  ft.  above  mean  sea  level,  and  the  clearance  line  for 
the  trains  is  22  ft.  above  the  base  of  rail. 

The  counterweight  frame  is  proportioned  so  as  to  keep  the  movable 
span  and  the  counterweight  in  equilibrium  in  any  position  of  the 
bridge.  The  frame  consists  of  two  trusses,  between  which  the  con- 
crete counterweight  is  placed.  The  resultant  load  of  the  counter- 
weight and  the  link  stress  is  taken  by  two  trunnions,  each  supported 
by  two  bearings  at  the  apex  of  the  tower.  Special  collars  riveted 
to  the  frame  are  bored  with  a  driving  fit,  and  the  trusses  are  fastened 
to  the  trunnion  with  tapered  keys.  The  counterweight  is  attached 
t(^  the  rear  arm  of  the  truss,  and  rigidity  is  attained  by  extending 
the   structural   framing   into    the   concrete.      Besides    the   weight    of 
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the  concrete,  pockets  are  provided  for  shaped  iron  castings,  which 
allow  for  close  adjustment  in  balancing  the  bridge.  The  link  strut 
consists  of  two  posts,  pin-connected  at  the  top  to  the  front  arm  of 
the  counterweight  frame,  and  at  the  bottom  to  the  hip  of  the  movable 
span.  Lateral  stiffness  is  secured  by  diagonal  and  horizontal  bracing. 
The  link,  at  any  angle  of  the  movable  leaf,  is  always  parallel  to  a 
line  which  travels  through  the  center  of  the  main  and  counter- 
weight trunnion. 

The  operating  struts  to  which  the  main  rack  is  attached  are 
pin-connected  at  one  end  to  the  tower,  and  at  the  other  are  engaged 
to  the  main  operating  pinion.  A  special  yoke,  mounted  on  each  side 
of  the  main  pinion,  serves  as  a  guide  for  the  strut  during  operation. 

The  tower  supporting  the  counterweight  consists  of  two  main 
columns,  a  diagonal  strut  between  the  two  trunnions  and  a  hori- 
zontal strut  at  the  base.  Inclined  posts  are  supported  at  the  base 
on  a  transverse  steel  truss  embedded  in  the  masonry,  giving,  in  addi- 
tion to  portal  bracing  at  the  top,  great  lateral  stiffness. 

The  wind  pressure  against  the  floor  system  of  the  raised  bridge  is 
carried  to  the  main  trunnions.  By  the  horizontal  strut  at  the  base 
of  the  tower,  together  with  the  floor  system,  the  reaction  is  divided 
between  the  two  piers.  The  safety  against  overturning  is  thus  in- 
creased, and  the  corresi^onding  eccentric  loading  on  the  foundations 
is  materially  reduced.  All  trunnions  and  link  pins  are  of  forged 
steel.  The  bearings  and  caps  are  of  cast  steel  and  lined  with  phosphor- 
bronze  bushings.  Helical  oil  grooves  are  cut  in  the  caps  and  bearings 
for  the  proper  distribution  of  the  lubricants. 

The  motive  power  for  operating  the  bridge  is  electricity.  Two  65- 
h.p.  electric  motors  operate  under  a  550-volt  direct  current.  The 
power  is  transmitted  to  the  main  operating  pinion  by  a  train  of  gears. 
In  addition  to  the  electric  brake  on  the  motor,  there  is  also  a  motor- 
driven  emergency  brake.  Special  equalizing  gears  regulate  the  uni- 
formity of  speed  between  the  duplicate  system  of  operating  machinery. 
The  motors  and  gearing  are  on  the  movable  span,  and  are  protected 
by  special  housing.  A  separate  motor  with  the  necessary  mechanical 
connections  operates  the  locking  device. 

All  machinery  and  auxiliary  apparatus  are  operated  by  controllers, 
switches,  switchboards,  indicators,  and  instruments  conveniently 
placed  in  the  operator's  house.     From  this  point  the  operator  has  per- 
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iVc't  control  of  all  traffic  jiassinp:  Through  the  canal  and  over  the 
l>ridye.  Tlie  control  of  the  bridue  is  interlocked  with  tlie  main  tower 
controlling-  all  signals  and  switches  in  the  Buzzards  Bay  yard,  al- 
though arranged  so  that  the  tower  operator  can  free  the  bridge  for 
independent  operation. 

The  highway  bridges  at  Bourne  and  Sagamore  are  of  the  double 
bascule  type,  of  the  same  dimensions  and  almost  identical  design.  It 
will  be  convenient,  therefore,  to  treat  the  substructures  and  superstruc- 
tures of  these  bridges  together. 

The  substructure  for  the  highway  bridge  at  Bourne  was  designed 
on  quite  different  lines  from  that  of  the  railroad  bridge  at  Buzzards 
Bay,  a  design  that  was  folloAved  with  few  changes  in  details  for  the 
highway  bridge  at  Sagamore.  On  account  of  the  great  lightness  of 
the  highway  bridge,  there  was  no  need  for  such  a  massive  substructure 
as  was  built  at  Buzzards  Bay,  and  any  attempt  to  give  an  exterior  pro- 
tective surface  of  cut  stone  would  have  been  very  expensive.  The 
writer  is  one  of  those  who  believe  that  damage  to  concrete  by  the  action 
of  salt  water  is  both  chemical  and  mechanical,  and  that  the  destruction 
can  be  greatly  retarded,  if  not  actually  prevented,  if  the  concrete  is 
allowed  not  only  to  set,  but  to  become  quiescent  chemically,  before 
exposure  to  the  rise  and  fall  of  the  tides. 

The  most  economical  type  of  substructure  was  an  isolated  support 
beneath  each  point  of  load,  varying  in  diameter  according  to  the  load 
intensity.  Such  a  type  was  selected,  and  in  order  to  keep  the  surface 
of  the  exposed  piers  from  tidal  exposure  until  internal  changes  had 
ceased,  the  specifications  required  that  the  forms  for  the  concrete  should 
be  of  surface  lumber  and  left  in  place.  As  the  teredo  is  very  active, 
creosoted  lumber  was  called  for.  The  intention  was  to  let  the  pro- 
tective wood  remain  \mtil  it  was  destroyed  by  natural  agencies,  or  for 
at  least  a  year,  and  then  to  take  it  down.  As  a  matter  of  fact,  it  is  still 
in  place  and  in  good  condition,  both  at  Bourne  and  Sagamore.  The 
lumber  being  matched  and  not  unsightly,  it  has  been  allowed  to  remain. 
The  concrete  is  now  more  than  5  years  old,  and,  as  shown  by  recent 
borings  through  the  lumber,  is  in  perfect  condition.  The  writer  believes 
that,  if  the  lumber  should  be  removed,  no  injurious  effect  would  now 
result  from  the  action  of  salt  water  during  either  the  summer  or 
winter. 
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The  specifications  were  similar  to  those  for  the  foundations  of  the 
Buzzards  Bay  Bridge,  except  that  no  piles  were  contemplated,  and  pres- 
sure on  tlie  sand  was  limited  to  3  tons  per  sq.  ft.  The  requirements  for 
cement  and  concrete  were  the  same,  a  mixture  of  the  latter  in  the  pro- 
portion of  1:2:4  being  used  in  the  upper  2  ft.  of  the  main  and  sec- 
ondary piers. 

Fig.  9  shows  the  general  elevation  of  the  Bourne  highway  bridge 
and  details  of  the  substructure.     The  main  piers,  Nos.  4  and  5,  and  the 
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secondary  piers  at  the  ends  of  tlie 
approach  girders,  are  square  in  sec- 
tion, 15  ft.  1  in.  and  8  ft.  10^  in. 
on  bases,  respectively,  and  10  ft. 
7  in.  and  5  ft.  4  in.  on  the  shafts 
to  Elevation  96,  and  above  that 
elevation,  circular.  In  order  to  : 
stiffen  these  piers  laterally,  rein- 
forced concrete  girders  were  de- 
signed for  all  piers,  these  girders 
being  12  ft.  deep  and  2  ft.  6  in. 
wide  in  the  case  of  tlie  main  piers, 
and  8  ft.  deep  and  -2  ft.  wide  for 
the  secondary  piers. 

All  the  caissons  for  these  eight 
piers  were  sunk  by  compressed  air 
and  then  filled  with  concrete,  the 
material  through  which  they  passed 
being  for  the  most  part  fine  sand. 
Pier  4  (the  westerly  one),  just 
before  reaching  grade,  was  badly 
deflected  by  striking  a  boulder. 
One   of   the   cutting   sides    of   the  ^^^-  ^°- 

caisson  was  cut  away,  and,  under  cover  of  poling  boards,  the 
sand  was  excavated  unsymmetrically,  as  shown  in  Fig.  10,  so 
as  to  bring  the  axis  of  pressure  well  within  the  middle  third  of  the 
base,  the  increased  area  of  base  reducing  the  pressure  at  the  outer 
edge  to  proper  limits.  Above  Elevation  96  the  pier  was  carried  straight 
up.     The  heavy  reinforced  girder  connecting  the  tops  of  the  two  main 
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piers  affords  sufficient  rigidity  to  overcome  the  objection  to  the 
inclination. 

The  work  was  executed  by  the  Holbrook,  Cabot  and  Rollins  Cor- 
poration, the  layout  of  the  erecting  plant  being  shown  by  Fig.  11. 
Access  to  both  sides  of  the  river,  the  canal  not  being  dredged  at  the 
time,  was  had  by  a  temporary  trestle,  carrying  a  traveler  and  also  a 
concrete  car.  A  second  traveler  on  the  ground  covered  the  piers  at  the 
north  end. 

For  the  Sagamore  Bridge  the  contract  for  the  substructure  was 
taken  by  the  Degnon  Cape  Cod  Canal  Construction  Company  and 
sublet  to  the  Dravo  Contracting  Company  of  Pittsburgh,  under  date 
of  April  1st,  1912. 

The  general  plan  called  for  2  abutments  and  26  piers: 

Two  pairs  of  main  piers. 

Two  pairs  of  piers  supporting  approach  girders. 

Nine  pairs  of  small  piers  on  land. 

Two  abutments. 

The  specifications  were  substantially  the  same  as  those  for  the 
Bourne  Bridge,  except  that  piles  beneath  some  of  the  piers  were 
contemplated. 

The  foundations,  where  on  sand  or  gravel,  w^ere  to  carry  a  load 

of  not  more  than  3  tons  per  sq.  ft.,  and,  where  on  piles,  a  load  not 

exceeding  20  tons  per  mile,  as  determined  by  the  Engineering  News 

,      2  Wh 
lormula, . 

s  +  1 

The  forms  on  the  main  piers  were  to  be  left  in  place,  as  with  the 
Bourne^  Bridge,  but  the  creosoting  of  the  lumber  was  omitted,  long- 
leaf  pine,  dressed  to  21  in.,  being  called  for.  At  the  end  of  3  years 
the  forms  are  still  in  place,  and  the  concrete,  as  at  Bourne,  is  in 
perfect  condition. 

For  the  caissons  for  the  pair  of  main  piers,  No.  10,  the  contractor 
designed  a  steel  shell  of  i-in.  plates,  with  the  lower  part  IG  ft.  6  in. 
in  diameter  for  a  height  of  10  ft.,  then  reducing  through  a  height 
of  4  ft.  to  a  diameter  of  12  ft.  5i  in.  for  a  height  of  36  ft.,  and  there 
tiie  w^ooden  form  began  with  an  internal  diameter  of  10  ft.  The 
shell  weighed  about  16  tons,  and  was  sunk  by  removing  the  material 
from  the  inside  with  an  orange-peel  bucket.     At  Elevation   56.5  the 
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bottom  was  sealed  by  divers  with  concrete  in  bags  to  a  height  of  5  ft. 
Then  12  ft.  of  concrete  were  deposited  under  water  in  buckets,  and 
after  this  had  set  the  water  in  the  shell  was  pumped  out  and  the 
remaining  concrete  was  placed  in  the  dry. 

Main  piers  Iso.  9  were  sunk  by  the  pneumatic  process.  The  steel 
shell  at  the  bottom  was  splayed  at  the  foot  to  a  diameter  of  12  ft.  6  in., 
and  lined  with  concrete,  as  shown  in  Fig.  12.  The  cutting  edge  was 
carried  dowii  to  a  gravel  bed  at  Elevation  55,  but  concrete  was 
carried  down  0.4  ft.  lower.  ^Finished  Top  Ei.n8.73' 

For  Piers  Nos.  8  and  11.  supporting  1  1 

the  ends  of  the  90-ft.  approach  girders, 
steel  shells,  6  ft.  6  in.  in  diameter,  were 
sunk  by  removing  the  material  within 
the  shells  with  an  orange-peel  bucket. 
In  Piers  ]^o.  8  six  25-ft.  piles  were 
driven,  reaching  below  Elevation  72,  with  ^ 
concrete  beginning  at  Elevation  92. 
The  similar  piers  on  the  other  side  of  the 
canal  were  put  down  in  the  same  man- 
ner, except  that  concreting  began  at  Ele- 
vation 91. 

The  abutments  were  founded  directly 
on  hard  sand,  but  the  concrete  in  the 
small  pedestals,  1,  2,  3,  and  4,  rested  on 
piles  cut  off  below  ground-water  level,  as 
requested  by  the  owners  of  the  car  man- 
ufacturing plant  on  whose  property  they 
were  placed,  as  they  were  fearful  of 
damage  arising  from  the  known  pres- 
ence of  quicksand. 

The  main  piers,  Nos.  9  and  10,  and    ? 
secondary  piers,  Nos.  8  and  11,  are  con-  ^^<^-  12. 

nected  by  reinforced  concrete  girders,  as  at  Bourne. 

The  Sagamore  Highway  Bridge  crosses  the  waterway  about  2  miles 
west  of  the  easterly  entrance  to  the  canal,  and,  as  a  structure,  is  di- 
vided into  three  sections:  the  main  channel  span,  the  north,  and  the 
south  approach. 
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The  elevation  of  the  roadway  above  mean  sea  level  is  41  ft.,  so  as 
to  give  clearance  for  medium-sized  vessels  without  opening  the  bridge, 
while  also  providing  cIcnraiR'o  for  the  New  York,  New  Haven  and 
Hartford  Kailroad  passing  under  it  at  the  south  end  of  the  steel  struc- 
ture approach.  Part  of  the  south  approach  on  earth  fill  and  of  the 
north  approach  in  steel  has  a  5%  gradient. 

The  main-channel  span  is  divided  into  three  parts :  the  movable 
section,  and  the  two  stationary  approach  trusses.  The  width  of  the 
bridge  between  railings  is  30  ft.,  divided  into  a  25-ft.  roadway  and  a 
5-ft.  sidewalk.  A  single-track  electric  railway  is  also  carried  across, 
with  the  necessary  overhead  construction. 

The  movable  section  consists  of  a  Scherzer,  double-leaf,  rolling- 
lift  bridge,  of  160  ft.  span.  The  characteristic  features  of  this  bridge 
are  two  80-ft.  cantilever  spans,  the  rear  end  of  each  truss  being  ex- 
tended into  a  segmental  girder  which  rolls  on  a  track  girder  of  special 
heavy  construction. 

To  keep  the  movable  part  in  balance,  a  concrete  counterweight  is 
rigidly  attached  to  and  framed  in  between  the  two  lines  of  trusses, 
forming  the  main  supporting  members  of  the  rolling-lift  span.  The 
track  girders  are  incorporated  in  the  framework  of  the  approacli 
trusses,  one  end  resting  directly  on  the  main  pier,  the  other  being 
framed  into  a  carrying  girder  placed  at  the  near  end  panel  point  of 
the  approach  trusses.  The  entire  dead  load  of  the  movable  span  is 
transferred  to  the  contact  surface  between  the  curved  s^mental 
girder  and  the  cast-steel  plate  of  the  track  girder.  Special  lugs  on 
the  track  girders,  which  fit  into  corresponding  recesses  in  the  curved 
section,  insure  perfect  travel  of  the  bridge  in  the  vertical  plane.  As 
the  bridge  opens  it  rolls  backward  on  the  track  girder,  leaving  a  clear 
channel  for  passing  vessels. 

The  trusses  of  the  movable  leaf  are  designed  with  a  straight  top 
chord;  the  bottom  chord  is  slightly  curved  from  the  point  of  support 
toward  the  end  of  the  cantilever.  The  three  end  panels  are  built  up 
with  a  solid  web;  the  three  panels  next  to  the  support  are  of  open- 
w'eb  construction  with  vertical  and  diagonal  built-up  sections.  The 
floor  system  and  the  top  laterals,  together  with  horizontal  struts 
placed  between  the  trusses,  provide  against  lateral  distortion  of  the 
bridge  in  any  position. 
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The  approach  trusses,  eacli  of  90-ft.  span,  are  of  the  Warren  type 
with  stiif  riveted  web  members.  The  trusses  are  spaced  so  as  to  pro- 
ride  proper  clearance  for  the  receding  counterweight  as  the  bridge 
opens.  Any  danger  of  damage  resulting  from  the  upward  reacting 
force  at  the  rear  end  of  the  lift  span,  due  to  unbalanced  live  load  or 
impact  in  closing,  is  guarded  against  by  a  bumping  girder  placed  on 
the  top  chord  of  the  approach  span.  The  ends  of  each  movable  leaf 
are  provided  with  a  sheer  lock  designed  with  male  and  female  parts, 
which  in  a  closed  position  are  interlocked,  so  as  to  insure  proper  align- 
ment and  additional  lateral  stiffness. 

The  north  and  south  approach  spans  are  in  lengths  of  38,  50,  and 
75  ft.  The  approach  spans  are  of  conventional  design,  with  the  two 
main  girders  seated  on  top  of  the  columns,  laterally  connected  by 
horizontal  struts  and  diagonal  bracing.  The  floor-beams  throughout 
the  entire  length  of  the  bridge  are  about  13  ft.  apart,  and  are  framed 
into  the  web  of  the  main  trusses  or  girders.  On  the  channel  approach 
trusses,  they  rest  on  the  top  chord.  The  rof.dway  stringers  consist  of 
9-in.  I-beams  about  2  ft.  6  in.  from  center  to  center,  except  for  the 
support  of  the  railway  track,  where  10-in.  I-beams  are  placed  in 
pairs  under  each  rail.  Bolted  to  the  top  flange  of  each  stringer  are 
nailing  strips,  to  which  is  fastened  the  4-in.  oak  plank  decking,  being 
laid  with  J-in.  joints  and  sufficiently  crowned  to  provide  for  quick 
run-off  of  rain  water.  The  sidewalk  brackets  are  in  line  with  the 
floor-beams,  and  carry  wooden  stringers  to  which  the  2-in.  plank  floor- 
ing is  fastened.  On  the  lift  span  there  are  special  fastenings  to 
guard  against  possible  movement  of  the  floor  system  when  the  bridge 
is  being  raised.  The  hand-railing  is  of  2-in.  gas  pipe  posts,  from  6  to 
7  ft.  apart,  and  joined  by  two  lines  of  li-in.  pipes  at  the  top  and 
near  the  base  of  the  posts,  the  panel  between  the  two  lines  of  pipe 
consisting  of  a  grillwork  of  light  angles  and  bars. 

The  motive  power  for  operating  the  bridge  is  electricity,  fur- 
nished at  550  volts,  each  movable  leaf  being  operated  by  a  25-h.p. 
direct-current  motor.  The  power  transmission  from  the  motor  to 
the  main  operating  pinion  is  arranged  by  gear  trains  and  counter- 
shafts mounted  on  the  movable  span.  The  horizontal  rack  which 
engages  the  main  pinion  is  attached  to  the  approach  trusses  with  the 
pitch  line  parallel  to   the  horizontal  top  flange  of  the  track  girder. 
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There  are  safety  p:ates  on  the  approach  trusses  directly  in  front  of 
the  break  in  the  floor  system;  they  are  opened  and  closed  from  the 
operator's  house.  From  this  point  the  bridge  tender  has  under  his 
control  all  the  electrical  apparatus  for  the  operation  of  the  machinery, 
signals,  lights,  and  auxiliary  mechanical  devices  for  the  protection 
of  the  structure  itself,  as  well  as  the  regulation  of  traflBc.  over  the 
bridge  and  through  the  canal. 

The  Bourne  Highway  Bridge,  which  crosses  the  canal  about 
lA  miles  east  of  the  westerly  entrance,  is  designed  along  the  same 
lines  as  the  Sagamore  Bridge,  the  only  difference  between  the  two 
structures  being  the  length  of  the  approaches  and  the  width  of  the 
roadway,  the  latter,  for  the  Bourne  Bridge,  being  30  ft.  The  pre- 
ceding description  of  the  Sngamore  Bridge  covers  in  a  general  way 
the  structural  features  of  both  bridges. 

Fenders. — All  the  bridges  are  protected  with  fender  work.  At  the 
easterly  end  of  the  canal  there  are  no  destructive  marine  borers,  and 
the  fender  for  the  Sagamore  Bridge  at  this  end  of  the  canal  was  built 
of  untreated  wood.  In  the  warm  water  of  Buzzards  Bay  the  marine 
borers  are  very  destructive,  and  the  fenders  for  the  two  bridges  at 
this  end  of  the  canal  are  of  creosoted  pine.  The  approach  portion  of 
the  fenders  was  designed  and  built  in  the  ordinary  manner  with 
clusters  of  piles  at  the  extreme  ends  and  three  rows  of  staggered  piles 
in  the  approach  proper.  In  the  narrow  throat  immediately  adjacent 
to  the  i)iers  the  common  design  was  abandoned  in  order  to  obtain 
the  maximum  width  between  the  fenders.  This  portion  of  the  fender 
was  built  with  50-ft.  span  vertical  trusses,  in  the  case  of  both  highway 
bridges,  and  with  GO-ft.  trusses  for  the  railway  bridge.  These  trusses 
were  designed  of  sufficient  strength  to  carry  their  own  vertical  load 
and  with  sufficient  lateral  stiffness  to  stand  the  rubbing  impact  of 
vessels.  This  lateral  stiffness  is  provided  by  four  courses  of  6  by  12-in. 
timber  wales,  blocked,  braced,  and  spliced,  as  shown  by  Fig.  13.  The 
first  and  third  courses  from  the  channel  side  are  extended  and  fastened 
to  three  of  the  dolphin  piles  to  which  collision  impact  is  ultimately 
transmitted. 

Fig.  13  shows  the  general  design  of  the  Buzzards  Bay  railway 
bridge  fender,  the  design  for  the  other  bridges  being  similar. 
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Lighting. — The  canal  proper  is  lighted  by  7-volt,  6.6-ainpere,  or 
32-c-p.,  incandescent  lights.  These  are  carried  by  iron  brackets  on 
wooden  poles,  the  poles  being  set  at  about  the  level  of  mean  tide, 
with  the  plane  of  the  lights  25  ft.  above  mean  low  water.  The  poles 
on  the  south  side  of  the  canal  are  painted  red;  those  on  the  north  side 
are  painted  black,  thus  following  the  rule  for  the  colors  of  buoys 
entering  a  harbor,  the  canal  being  considered  as  an  entrance  to  Boston 
Harbor.  These  lights  are  operated  on  an  alternating  current  of  about 
500  volts,  and  are  connected  in  series. 

-81-'55t-^^ J 


TIMBER  FENDER  WORK 
BUZZARDS  BAY  RAILROAD  BRIDGE., 
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In  the  Buzzards  Bay  approach  channel  there  are  seventeen  lights, 
maintained  by  the  Lighthouse  Department  of  the  United  States  Govern- 
ment, the  approach  being  in  the  open  navigable  waters  of  the  United 
States.  Four  of  these  are  on  buoys  at  the  western  end  of  the  channel 
and  thirteen  are  on  pile  dolphins  marking  the  channel  from  Wings 
Neck  to  Agawam  Point.  Coming  from  the  west  the  lights  on  the 
port  hand  are  white  and  on  the  starboard  hand  red.  All  these  lights 
burn  acetylene  gas,  flashing  about  3  sec.  duration  and  2  sec.  eclipse. 
On  one  of  the  two  buoys  at  the  western  entrance  there  is  a  bell  which 
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rings  by  wave  action.  In  time  of  fog  there  are  also  three  bells  operated 
by  storage  batteries,  the  bells  being  maintained  by  the  Canal  Company. 

On  the  south  breakwater  there  is  a  250-watt  Ill-volt  incandescent 
light  with  a  stereopticon  globe,  giving  about  16  000  c-p.  The  plane 
of  this  light  is  40  ft.  above  the  water  surface.  At  the  eastern  entrance 
there  are  two  lights  on  buoys  outside  the  breakwater,  or  about  400  ft. 
from  its  end,  with  a  red  flash,  being  luminous  for  5  sec.  and  a  gas  and 
bell  buoy  2A  miles  northeast  of  the  breakwater,  showing  a  white  flash 
every  G  sec,  with  duration  of  2  sec,  the  light  being  390  c-p. 

Electrical  Power. — The  electrical  power  for  the  lighting  of  the 
canal  and  for  the  operation  of  the  three  bridges  crossing  it  is  purchased 
from  the  Southeastern  Massachusetts  Power  and  Electric  Company, 
and  is  transmitted  from  steam  plants  at  New  Bedford  or  Plymouth. 
The  power  is  transmitted  at  22  000  volts,  and  can  be  supplied  from 
the  two  sources  by  either  of  four  routes  to  a  step-down  transformer 
sub-station  near  the  west  approach  of  the  Bourne  Highway  Bridge. 
In  the  sub-station  there  are  two  20-kw.  alternating-current,  gasoline- 
engine  driven  generating  sets,  which  can  be  started  on  short  notice 
for  emergency  conditions.  From  the  sub-station  2  300- volt  lines 
connect  the  three  bridges,  and,  in  addition,  standard  street  lighting 
equipment  is  provided  for  the  lights  on  each  side  of  the  canal. 

At  the  western  end  of  the  Buzzards  Bay  Bridge  there  is  a  storage 
battery  of  280  cells,  of  the  chloride  accumulator  type,  which  is  capable, 
at  full  charge,  of  supplying  sufficient  power  to  open  and  close  the 
Buzzards  Bay  Bridge  twenty-five  or  thirty  times  without  replenish- 
ment. 

In  the  operators'  cages  on  each  of  the  bridges  there  is  a  motor 
generator  set  for  generating  550-volt  direct  current  for  operating  the 
moving  parts  of  the  bridges  and  for  charging  the  battery.  In  case 
of  failure  of  the  alternating  current  supplied  over  any  one  of  the 
four  transmission  routes,  power  is  available  from  the  two  gasoline- 
engine  generating  sets,  or  from  the  storage  battery. 

In  addition  to  the  foregoing  sources  of  power,  the  street  railway 
feeders  of  the  New  Bedford  and  Onset  Street  Railway  Company 
can  supply  power  at  the  Bourne  and  Buzzards  Bay  Bridges.  Also,  a 
special  connection  has  been  made  to  the  Keith  Car  Company's  plant 
at  Sagamore,  for  the  operation  of  this  bridge  in  an  emergency. 
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The  present  policy  of  operation  in  an  emergency  is  to  rely  on  the 
storage  battery.  There  are  separate  connections  from  the  battery  house 
to  the  operator's  cage  on  the  Buzzards  Bay  Bridge,  and,  through  special 
switching  arrangements,  the  alternating-current  lines  connecting  the 
three  bridges  are  used  in  parallel  for  the  positive  side  of  the  battery 
for  the  operation  of  the  bridge  motors,  and  the  canal  channel  is  used  for 
the  negative  return.  The  capacity  of  the  battery  is  ample  to  operate 
all  three  bridges  many  times  without  replenishment. 

The  power  for  operating  the  bridges  and  lighting  the  canal  runs 
from  C  000  to  8  000  kw-lir.  per  month  at  a  maximum  peak  load  of 
about  140  kw. 

The  Buzzards  Bay  Bridge  requires  about  100  h.p.  of  maxinmm 
demand  and  about  1  min.  to  open  or  close.  The  power  required  for  one 
operation  is  about  2  ampere-hours.  The  Bourne  and  Sagamore  Bridges 
each  require  about  20  h.p.  for  the  maximum  demand  and  about  the 
same  time  to  open  or  close  as  the  Buzzards  Bay  Bridge. 

Engineering  Personnel. — The  responsible  engineers  of  the  company 
who  have  liad  charge  of  the  work  have  been,  of  the  Canal  Company, 
W.  J.  Douglas,  M.  Am.  Soc.  C.  E.,  Deputy  Chief  Engineer  since 
August,  1915,  and  of  the  Construction  Company,  Eugene  Klapp,  M. 
Am.  Soc.  C.  E.,  from  the  commencement  of  operations.  The  engineers 
in  charge  on  the  ground  have  been  Henry  W.  Durham,  M.  Am.  Soc. 
C.  E.,  Resident  Engineer  from  the  commencement  of  operations  to 
April  1st,  1912.  Charles  T.  Waring,  Assoc.  M.  Am.  Soc.  C.  E.,  Resi- 
dent Engineer  from  April  1st,  1912,  to  August  1st,  1914,  when  the 
canal  was  declared  officially  opened,  although  construction  was  not 
quite  complete,  and  when  Mr.  Waring  became  Superintendent.  From 
August  1st,  1914,  to  January  31st,  1915,  the  completion  of  construction 
was  in  charge  of  A.  S.  Ackerman,  Assoc.  M.  Am.  Soc.  C.  E.,  previously 
Assistant  Engineer,  when  the  duties  were  re-assumed  by  Mr.  Waring  in 
connection  with  his  other  duties  as  Superintendent,  and  which  he 
retained  until  January  30th,  1916.  Mr.  W.  S.  Crocker,  who  was 
Assistant  Engineer  during  construction,  has  become  Resident  Engineer 
under  the  operating  management. 

To  these  gentlemen  and  to  their  assistants  the  Chief  Engineer 
expresses  his  obligations,  and,  in  the  preparation  of  this  paper,  par- 
ticularly to  Mr.  Eugene  E.  Halmos,  member  of  the  staif,  for  his  co- 
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T.A.  SCOTT  CO.,   INC. 

MARCH  4,  1915 
MARCH  15,  1915 


E.J.   ROUHKE 


W.  H.  JONES 


LANE  QUARRY  CO. 
E.W.    FOLEY  CONST.  CO.     | — 


J.  A.    MALONEV  i  CO. 
SEPT.    10,  1913 


WILSON  i.   ENGLISH  CONST. 
CO. 


NORFOLK  CREOSOTINQ  CO. 

SEPT.  8,  1913 
APRIL  16,   1914 


FENDER  WORK 


I       NEWARK-MEADOWS  CO.     ] — 
|C.W.  REY10L0S    tSTEtW  SHOVeTJI 

|WILE0"n  4    ENGLISH  CONStTI 

I  CO.    ■  STEAM  SHOVELl      I 

|j.  S.   PACKARD  DREDGING  CO.] — 

I       EASTERN  DREDGING  CO.      | — 

I     MARYLAND  DREDGING  CO.    | — 

I   COASTWISE  DREDGING  CO.    | — 


OEQNON  CAPE  COO  CANAL 
CONST.   CO. 

DEC.    29,   1910 


HIGHWAY 
RELOCATION 


E.W.    FOLEY  CONST.   CO. 
STEAM  SHOVEL 


RAILROAD 
RELOCATION 


STANDARD  ENGINEERING  CO. 
H.K.  STOKES,   PRES. 

OCT.    24,   1914 


FURST-CLARK  CONST.   CO. 
C.L.  CRANOALL) 
A.D.    MORRIS      r       ENGINEERS 
M.S.  ANDREW     ) 

EXCAVATION 


DEGNON  CONTRACTING  CO. 
JAMES  WILSON,    ENGINEER 

BREAKWATER,   RIP-RAP 


METROPOLITAN  DREDGING 

CO. 

R.  P.    MARSHALL,    PRES. 


EXCAVATION 


NO  AFTER   NOV. 


DEGNON  CAPE  COD  CANAL 

CONST.   CO. 

F.  D.    FISHER,  ENG. 

BREAKWATER.   RIP-RAP, 

EXCAVATION 

MAY  15,    1909 


L  D!5ECJ_ONJVN0_AFTE_R  NOV^  _L-_L^1.^_ 


PENNSYLVANIA  STEEL  CO. 
FEB.    1£.    1910 

STRAUSS  BASCULE  i 

CONCRETE  BRIDGE  CO. 

DESIGNERS  &  PATENTEES 

SUPERSTRUCTURE 

JULY   15,    1909 

L    BREAKWATER 


HOLBROOK  CABOT  4 

ROLLINS  CORP. 

SUBSTRUCTURE 

FEE.    15,   1910 


BUZZARDS  BAY 

RAILROAD 

BRIDGE 


PENNSYLVANIA  STEEL  CO. 

SCHERZER  ROLLING  LIFT 

BRIDGE  CO. 

DESIGNERS  i  PATENTEES 

SUPERSTRUCTURE 

JULY  21,    191J 

NOV.    30,  1910 

PENNSYLVANIA  STEEL  CO. 

SUPERSTRUCTURE 

APRIL  1,   1912 


DRAVO  CONTRACTING  CO. 
APRIL   I,   1912 


HOLBROOK  CABOT  i 

ROLLINS  CORP. 

SUBSTRUCTURE 

AUG.    1,    1910 


SCHERZER  ROLLING  LIFT 

BRIDGE  CO. 

DESIGNERS  4  PATENTEES 

SUPERSTRUCTURE 

JULY  21,    1911 


SUBSTRUCTURE 
APRIL  1.    1912 


bourn; 
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SAGAMORE 
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operation  in  the  development  of  tlie  matliematical  portion.  He  also 
acknowledges  the  constructive  criticism  of  the  tidal  theory  which  he 
received  from  Mr.  Rollin  A.  Harris,  of  the  U.  S.  Coast  and  Geodetic 
Survey  Bureau. 

The  details  for  the  operation  of  the  canal  were  worked  out  by  Mr. 
J.  W.  Miller,  Vice-President  of  the  Canal  Company. 

Fig.  14  gives  a  list  of  the  contractors  and  sub-contractors,  with 
the  names  of  the  principal  engineers  of  each  and  their  relations  to 
each  other  and  to  the  Construction  Company  and  the  Canal  Company. 
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PART   II. 

IIydkaulics  of  tiik  Cape  Cod  Canal. 

The  actual  physical  construction  of  the  canal  presents  but  few 
items  of  scientific  interest,  other  than  those  usually  attending  new 
problems  in  excavating  and  removing  a  large  quantity  of  material, 
or  in  building  breakwaters  and  bridges.  The  peculiar  value  of  expe- 
rience and  knowledge  gained  througli  the  construction  of  this  water- 
way is  in  the  establishing  of  new  hydraulic  data. 

Motion  of  water  in  open  channels  due  to  gravity  takes  place  under 
three  conditions  differing  in  characteristics  involving  flow:  first,  when 
the  slope  is  always  in  the  same  direction,  as  in  rivers  and  canals 
not  subjected  to  tidal  influences;  second,  when  the  slope  is  constantly 
varying  in  inclination  and  direction,  the  condition  developed  in  the 
estuaries  of  rivers,  the  rise  and  fall  of  the  tide  at  one  end  being 
the  actuating  cause;  third,  when  a  channel  connects  two  bodies  of 
tidal  waters  the  immediate  areas  of  which  are  so  large,  as  compared 
with  that  of  the  connecting  channel,  as  to  be  unaffected  by  water 
discharged  through  it,  and  having  tidal  features  which  differ  con- 
siderably in  range  and  establishment. 

Of  the  first  class,  all  investigations  in  the  characteristics  of  flow 
in  rivers  are  limited  by  the  great  irregularity  of  cross-section,  and, 
therefore,  they  present  but  few  scientific  data  as  determining  the  laws 
of  the  flow  of  liquids.  It  is  only  in  an  artificial  waterway  that 
sufficient  regularity  obtains. 

The  investigations  of  the  flow  of  water  in  artificial  channels  have 
of  necessity  been  confined  almost  wholly  to  channels  of  comparatively 
small  cross-section,  as  that  in  large  canals  has  been  reduced  to  incon- 
siderable velocity  by  locks. 

An  excellent  illustration  of  the  second  class  is  the  southern  end 
of  the  Suez  Canal  between  the  Little  Bitter  Lakes  and  the  Red  Sea. 
In  the  Red  Sea  the  rise  and  fall  of  the  spring  tide  is  1.75  m.,  but 
the  lakes  are  substantially  tideless,  the  maximum  variation  from  high 
to  low  being  0.17  m.  The  tides  are  not  symmetrical  about  mean  sea 
level,  for  the  same  reason  possibly  that  they  are  not  symmetrical 
in  Buzzards  Bay,  as  will  be  described  later,  so  that  the  average  maxi- 
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mum  slopes  are  0.032  and  0.027  m.  per  km.,  northerly  and  southerly, 
respectively,  the  length  of  uniform  canal  section  being  37.05  km.* 

Another  illustration  is  the  Pamlico  Sound-Beaufort  Canal,  in  North 
Carolina,  where  Earl  I.  Brown,  M.  Am.  Soc.  C.  E.,  Major,  Corps  of 
Engineers,  IT.  S.  A.,  made  some  interesting  current  observations. f 
This  canal  has  a  comparatively  small  cross-section  (90  by  10  ft.), 
with  an  average  tidal  oscillation  of  3.8  ft.  at  Beaufort  Harbor.  The 
non-tidal  end,  however,  is  greatly  affected  by  the  action  of  the  wind 
in  Pamlico  Sound. 

Of  the  third  class,  the  Cape  Cod  Canal  is  the  only  large  instance 
of  such  a  channel  where  all  the  conditions  are  conducive  to  scientific 
study. 

Of  the  natural  waterways  of  this  class,  the  East  River,  connecting 
Long  Island  Sound  and  New  York  Bay,  is  perhaps  the  best  example. 
Extensive  and  careful  observationst  in  1912  by  W.  M.  Black,  M. 
Am.  Soc.  C.  E.,  Colonel,  Corps  of  Engineers,  U.  S.  A.  (now  Brig-Gen. 
and  Chief  of  Engineers),  show  similar  characteristics  between  the 
motion  of  water  in  that  stream  and  in  the  Cape  Cod  Canal,  but  the 
irregularity  of  cross-section  of  the  river  renders  the  making  of 
analytical  study  of  observed  results  impossible.  The  Kaiser  Wilhelm 
Canal,  popularly  known  as  the  Kiel  Canal,  also  connects  large  bodies 
of  tidal  waters,  but  it  is  equipped  with  locks,  so  that  flow  through 
the  canal,  other  than  local  drainage,  is  prevented. 

Cape  Cod  Bay  and  Buzzards  Bay,  which  the  canal  connects,  are 
large  sheets  of  open  water.  Cape  Cod  Bay  is  really  a  directly  con- 
necting part  of  the  Atlantic  Ocean,  the  opening  being  about  20  miles 
across.  The  bay  is  circular,  with  a  uniformly  curved  and  substan- 
tially unbroken  shore  line,  and  with  considerable  depth  of  water, 
ranging  from  12  to  25  fathoms,  over  a  flat  floor  with  no  abrupt  hollows 
or  ridges.  Buzzards  Bay,  on  the  other  hand,  is  much  longer  than  it 
is  Avide,  being  50  miles  long  and  having  an  average  width  of  about 
7  miles,  with  an  average  depth  of  about  10  fathoms  at  its  opening, 
shoaling  to  about  2  fathoms  at  the  upper  end,  except  in  the  original 
narrow  channels  to  Monument  Beach  and  Wareham,  or  in  local  shoals, 
where  the  depth  is  still  less. 

*  The  facts  regarding  the  tides  and  currents  are  contained  in  the  reports  of  the 
"Commission  Consultative  Internationale  des  Travaux"  for  1906  and  1907. 

t  The  results  are  published  in  the  March-April,  1912,  number  of  Professional 
Memoirs. 

X  Professional   Memoirs,   June,    1913. 
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These  bays  are  afFectcd  by  two  different  tidal  waves,  wliicli  are 
quite  dissimilar  in  their  establishments,  ranges,  and  other  cliaracter- 
istics.  The  wave  that  passes  up  Buzzards  Bay  is  a  branch  of  the 
great  Atlantic  wave  which  runs  northward  along  the  coast,  its  velocity 
of  travel  being  somewhat  retarded  in  its  passage  over  the  compara- 
tively shoal  water  along  the  coast.  The  wave  in  Cape  Cod  Bay  is 
another  branch  of  the  same  great  wave,  which,  traveling  faster  in 
tlie  deeper  water  off  shore,  strikes  the  Nova  Scotia  coast  and  thence 
is  deflected  in  part  westward  and  then  southward.  These  two  waves 
meet  and  interfere  in  Vineyard  Sound,  and,  in  the  irregularity  pro- 
duced by  such  interference,  add  to  the  difficulties  of  navigation  and 
cause  fogs  owing  to  their  difference  in  temperature.  The  mean  range 
of  the  tide  in  Cape  Cod  Bay  is  9.0  ft.  at  Boston,  9.6  ft.  at  Plymouth, 
8.9  ft.  at  the  entrance  of  the  canal,*  and  9.2  ft.  at  Provincetown, 
whereas  the  mean  range  in  Buzzards  Bay  is  4.0  ft.  at  New  Bedford 
and  3.6*  ft.  at  the  entrance  to  the  canal. 

Briefly,  then,  the  problem  developed  by  the  construction  of  the  Cape 
Cod  Canal  is  an  extremely  complex  one  in  hydrodynamics,  being  the 
analysis  of  the  motion  of  water  in  a  canal  of  considerable  magnitude 
connecting  two  seas,  the  tides  in  which  differ  to  a  great  extent,  both 
as  to  phase  and  amplitudes. 

Before  entering  on  the  analysis  of  the  problem,  the  basal  facts, 
as  determined  by  the  records,  should  be  set  forth. 

In  the  early  days,  when  a  canal  was  under  consideration,  the  known 
variation  in  tidal  head  at  the  two  ends  of  the  canal  precluded  any 
consideration  of  a  sea-level  canal  through  an  unanalyzed  fear  of  dis- 
astrous results,  and  it  was  not  until  18G1  that  any  study  was  made 
of  the  tidal  phenomena  and  conditions,  when  a  legislative  committee 
undertook  the  investigation.  As  explained  previously,  the  committee 
called  to  its  aid  Gen.  Totten,  Professor  Bache,  and  Commander 
Davis,  and  these  gentlemen  in  turn  i)laced  Mr.  Henry  Mitchell  in 
charge  of  the  tidal  observations.  Mr.  Mitchell's  reports  are  set  forth 
in  detail  in  the  general  report  of  the  committee,  published  as  a  State 
document  in  1S()4.  He  carried  these  observations  over  one  month, 
therefore  covering  a  lunar  cycle,  and  found  that  the  mean  rise  and 
fall  was  9.17  and  4.11  ft.  at  the  east  and  west  ends,  respectively, 
results  that  agree  closely  with  those  determined  by  observations 
•  From  records  obtained  subsequent  to  the  opening  of  the  canal. 
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extending  over  some  years,  namely,  9.02*  and  3.91*  ft. ;  but  liis 
accuracy  ended  there,  because,  knowing  that  the  two  tidal  waves 
oscillated  uniformly  above  and  below  mean  sea  level  at  points  along 
the  coast,  according  to  his  own  and  other  determinations  for  the 
coast  survey,  he  assumed  that  the  same  conditions  obtained  in  the 
locality  under  investigation.  Apparently,  he  set  up  two  tide  record- 
ing stations,  where  he  ascertained  the  heights  of  low  and  high  waters 
and  computed  mean  sea  level  in  each  case  as  half  way  between  mean 
high  and  mean  low.  He  omitted  to  run  a  line  of  check  levels  across 
the  isthmus  to  determine  whether  his  computed  mean  sea  levels  were 
actually,  as  he  assumed  them  to  be,  the  same  datum  i)lane— -another 
illustration  of  the  danger  of  making  assumptions  in  engineering  work 
without  actual  knowledge.  Therefore,  he  determined  that  though 
the  durations  of  the  flood  and  ebb  tides  in  Cape  Cod  Bay  were  the 
same,  in  Buzzards  Bay  the  flood  endured  for  7  hours  01  min.  and 
the  ebb  for  5  hours  23  min.,  and,  as  a  corollary,  that  the  maximum 
differences  in  simultaneous  tidal  heights  between  the  two  ends  on 
the  flood  and  on  the  ebb  were  not  nearly  equal.  As  indicative  of  the 
lack  of  knowledge  then  existing  regarding  the  flow  of  water  in  large 
open  channels,  the  tidal  report  contained  a  conclusion,  which  the 
Board  thought  of  sufficient  importance  to  put  in  Italics,  reading :  "The 
greater  the  transverse  section  of  the  free  canal,  the  more  rapid  will 
be  the  flow  through  it."  It  seems  extraordinary  that  as  recently  as 
1860  that  statement  was  sufficiently  novel  to  be  deemed,  by  men  like 
Professor  Bache  and  Mr.  Henry  Mitchell,  as  "interesting"  and  worthy 
of  being  put  in  Italics  in  a  Government  report. 

Tidal  observations  were  begun  by  the  writer  in  October,  1907, 
when  automatic  recording  mareograph  instruments,  of  the  TJ.  S. 
Coast  Survey  type,  were  set  up  at  Monument  Beach  in  Buzzards 
Bay  and  at  Barnstable  in  Cape  Cod  Bay.  ^Vllen  the  canal  excavation 
began,  these  instruments  were  transferred  to  the  points  just  within 
the  canal  at  each  end  (Canal  Stations  35  and  380),  where  they  have 
been  maintained  continuously  under  observation.  The  differences  in 
tidal  heights  and  times  between  the  first  selected  points  and  those 
within  the  canal  were  found  to  be  so  small  as  to  be  negligible. 
Accurate  levels  were  run  between  the  two  instrumenttS,  so  that  their 

*  From  records  obtained  previous  to  the  opening  of  tlie  canal. 
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readings  are  based  on  a  connnon  datum,  which,  in  ordei'  to  avoid 
"minus"  elevations,  was  taken  as  100  ft.  below  mean  sea  level. 

The  simultaneous  elevations  of  the  two  tides  for  a  lunar  cyi'le  are 
shown  superimposed  in  Fig.  15.  From  this  diagram  it  will  be  seen 
that  the  tides  in  Cape  Cod  Bay  are  quite  symmetrical  above  and 
below  mean  sea  level  and  the  path  of  the  curve  is  regular,  and  closely 
approximates  a  sine  curve.  This  is  to  be  expected,  because  the  smooth 
contours  and  depth  of  water  permit  the  tidal  vv-ave  to  pass  without 
sensible  retardation  or  uneven  interruption.  In  Buzzards  Bay  the 
case  is  quite  different,  for  the  depth  of  water,  especially  at  the  upper 
end,  is  so  slight  that  the  difference  in  depth  between  high  and  low 
water  is  considerable,  being  nearly  4  ft.  on  an  average  depth  of  about 
10  ft.,  a  variation  of  nearly  40  per  cent.-  The  consequence  is  that 
tliough  the  tide  flows  in  freely,  in  ebbing  it  soon  reaches  a  point 
\\here  bottom  friction  accentuated  by  great  bottom  unevenness,  pro- 
duces a  serious  effect  and  retards  the  outward  flow.  This  is  shown 
distinctly  in  Fig.  15  where  the  loop  of  the  tide  curve  above  mean  sea 
level  is  regular  and  the  trough  or  lower  loop  of  the  tide  curve  is  dis- 
tinctly irregular.  It  will  be  noted,  however,  that  the  periods  of  flood 
and  ebb  are  equal  in  duration,  and  not  unequal,  as  Mr.  Mitchell  sup- 
posed. In  Buzzards  Bay  mean  high  tide  is  2.14  ft.  above  mean  sea 
level  and  mean  low  tide  1.45  ft.  below  it,  but  if  the  lower  branch  of 
the  Buzzards  Bay  curve  is  projected,  as  shown  by  the  dotted  line  in 
Fig.  16 — a  tji'ical  maceograph  record — the  curve  becomes  regular, 
and  the  heights  of  high  and  low  water  are  equal  above  and  below 
mean  sea  level. 

It  was  found  that  the  difference  in  tiirie  between  high  water  at 
the  two  ends  is  3  hours  15  min.,  or  substantially  the  same  as  deter- 
mined by  Mr.  Mitchell,  so  that,  for  all  practical  purposes,  the  tides 
are  just  half  tide  apart. 

In  Cape  Cod  Bay  the  elevation  of  mean  high  w'ater  is  104.42  ft., 
datum  plane  being  taken  at  100  ft.  below  mean  sea  level,  and  the  ele- 
vation of  mean  low  water  is  95.50  ft.  In  Buzzards  Bay  the  elevations 
are  102.14  and  98.55  ft.,  respectively.  Fig.  16  shows  the  curves  of 
two  mean  tides,  and  from  this  diagram  it  will  be  seen  that  the  maxi- 
mum instantaneous  differences  in  elevation  of  the  water  surfaces 
occur  30  min.  after  high  water  and  30  min.  after  low  water  in  Cape 
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Cod  Bay,  and  tliat  for  1  hour  oO  min.  in  each  case  the  difference  in 
elevation  is  practically  unchanged,  the  paths  of  the  two  curves  beinj; 
nearly  iiarnllrl.  It  is  fortunate,  from  the  scientific  standpoint,  that 
the  in<'onipletcncss  or  irregularity  of  the  trough  of  the  Buzzards  Bay 
tide  curve  does  not  affect  the  ninxinium  differences,  as  the  irregularity 
does  not  begin  initil  after  the  instantaneous  difference  has  begun  to 
diminish  sensibly.  The  irregularity,  therefore,  affects  only  hydro- 
dvnamics  and  flow  conditions  that  are  less  than  the  maximum. 
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Fig.  16. 

As  the  slope  remains  practically  constant  for  a  time  long  enough 
to  eliminate  variations  produced  by  w^ave  propagation,  the  canal 
becomes  an  example  of  motion  of  water  affected  by  variations  in  ele- 
vations at  both  ends,  and  also  of  a  large  channel  in  which  the  ''head" 
is  constant. 

In  actuality,  the  tidal  elevations  vary  considerably  from  the  mean 
figures,  according  to  the  moon  phases  producing  '^spring"  and  ''neap" 
tides  and  also  to  irregularities  following  wind  action.  Tables  2  to  9, 
inclusive,  give  the  numbers  of  tides  in  each  year  grouped  in  variations 
of  foot  differences,  from  1908  to  1915,  inclusive.  The  average  maxi- 
mima  differences,  as  determined  from  the  data  contained  in  these 
tables,  are  5  ft.  producing  easterly  and  5.3  ft.  producing  westerly  cur- 
rents, including  the  effects  of  storms.  The  maximum  difference 
occurred  on  January  13th,   1915,  when  it  was  9.5  ft.  westerly,  being 
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produced  by  a  great  tide  on  the  Massachusetts  coast,  the  result  of  a 
violent  storm.  The  minimum  difference  was  1  ft.  3  in.  easterly.  It 
will  be  seen,  on  study  of  these  tables,  that  the  excessive  tides  are 
comparatively  few,  the  greater  majority,  about  83.5%  in  fact,  giving 
heads  that  vary  from  3  to  6  ft.,  and  only  about  2%  giving  differences 


OCTOBER.  1912. 

TRUE  AVERAGE  HOUfiLY  VELOCITY,  13.1   MILES        TRUE  AVERAGE  HOURLY  VELOCITY,  1  1.2  MILES 
N. 


WIND  ROSES 
SANDWICH,  MASS. 


Explanation  of  diagrams  J 
Radial  lengths  from  focus  in 
shaded  area  represent  percentage  o£ 
observations  of  prevailing  direction, 
Eadial  lengths  from  focus  in  blank, 
area  represent  true  average  hourly 
velocity  in  each  direction. 


S. 

YEAR,  1913. 
TRUE  AVERAGE  HOURLY  VELOCITY,   1  1   6  MILES      . 

FIG.   1'; 


exceeding  1  ft.  In  these  extreme  cases  the  maximum  difference  lasts 
for  a  few  minutes  only,  as  the  tidal  curves  no  longer  maintain  their 
parallelism. 

The  difference  in  elevation  at  any  instant  is  the  hydraulic  head 
that  produces  the  velocity  of  the  current,  and  as  it  occurs  in  a  length 
of  canal  of  34  500  ft.  (the  distance  apart  of  the  automatic  tide  gauges), 
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the  resulting  mean  maxinmni  slope  is  0.000154.  It  is  interesting  to 
point  out  that  this  slope  is  nearly  four  times  as  steep  as  the  maximunx 
slope  that  would  have  obtained  at  the  Panama  Canal  had  it  been  built 
at  sea  level,  taking  the  maximum  tidal  oscillation  at  Panama  at  22 
ft.,  only  one-half  of  w^hich  would  have  been  above  or  below  mean 
sea  level,  and  neglecting  the  negligibly  small  tidal  difference  at  Colon. 
In  order  to  ascertain  the  action  of  the  wind,  a  recording  anemometer 
was  established  at  the  same  time  as  the  tide  gauges.  Monthly  wind 
roses  for  selected  typical  years  are  shown  in  Fig.  17,  which  are  self- 
explanatory.  Table  10  gives  a  record  of  winds  having  a  velocity  which 
exceeded  40  miles  i)er  hour  between  1908  and  1915,  inclusive.  The 
prevailing  winds  are  northeast  and  southwest;  they  blow  across  the 
canal,  and  produce  no  direct  effect. 

TABLE  10. — True  Wind  Velocities  of  More  than  40  Miles  per  Hour, 
FROM  1908  TO  December,  1915. 


Date. 


Jan.  24,  190S. 
Dec.  26,  1909. 
Jan.  14,  1910. 

Jan.  15.  1910. 
Feb.  1,19)0. 
Feb.  4,  1910. 

Feb.  18,  1910. 
Nov.  27, 1910. 
Mar.  16,  1911. 

July  29,  1911. 
Dec.  28.  1911. 
Feb.  22,  19i2. 
Mar.  15,  1912. 

Jan.  3,  1913. 
Jan.  4,  1913. 
Mar.  24,  1913. 

Mar.  27,  1913. 
Jan.  12,  1914. 
Jan.  13,  1914. 

Mar.  1.  1914. 
Dec.  13,  1914. 
Dec.  14,  1914. 

Nov.  5,  1915. 
Dec.  13,  1915. 


Time. 


11.00  A.  M.- 
3.30  a.  m.- 
6.15  p.  M.- 

6.00  A.  M.- 
8.45  A.  M.- 
10.00  A.  M.- 

1.30  a.  m.- 
7.15  A.  M.- 
7.00  a.  M.- 

3.30  p.  M.- 
1.15  p.  M.- 
9.00  A.  .M.- 
8.30  p.  M.- 

10.30  P.  M.- 

10.45  P.  M.- 

1.10  P.  M.- 

7.45  a.  M.- 
4.15  P.  M.- 

1.00  A.    M.- 

3.45  P.  M.- 
11.35  p.  M.- 
12.00  M.     - 

8.05  P.  M.- 
5.00  P.  M.- 


-12.00  M. 

-  9.30  p.  M. 
-10.15  p.  M. 

-  4.30  p.  M. 

-  1.00  p.  M. 

-  3.00  P.  M. 

-  2.45  p.  M. 
-10.15  A.  M. 

-  9.30  a.  m. 

-  5.30  p.  M. 

-  2.15  P.  M. 

-  1.30  p.  M. 

-  9.30  P.  M. 

-10.45  P.  M. 

-  3.00  a.  m. 

-  3.00  p.  M. 

-  4.40  P.  M. 

-  5.25  p.  M. 

-  1.15  A.  M 

-  4.30  p.  M. 
-12.00  M. 

-  2.05  A.  M. 

-  8.80  p.  M. 

-  7.30  p.  M. 


u 

C 

_  a  w 

C  to 

^  2 

S-2 

tit 

o  a 

£j3 

5-2 

S 

s 

40 

1 

40.8 

40.0 

799 

18 

55.2 

UA 

1(J0 

4 

43.2 

40.0 

436 

10.5 

45.1 

41.5 

193 

4.25 

41.5 

40.8 

215 

5 

45.1 

43.0 

52 

1.25 

43.7 

41.5 

122 

3 

40.8 

40.8 

100 

2.5 

43.0 

40.0 

84 

2 

45.1 

42.2 

40 

1 

45.1 

40.0 

190 

4.5 

48.0 

43.2 

40 

1 

45.1 

40.0 

13 

0.25 

42.2 

42.2 

222 

4.25 

45.1 

40.0 

93 

1.83 

42.3 

41.3 

448 

8.9 

46.6 

40.5 

59 

1.16 

45.1 

41.5 

13 

0.25 

41.5 

41.5 

36 

0.75 

48.0 

47.3 

23 

0.5S 

40.8 

40.0 

85 

2.08 

42.2 

40.8 

17 

0.41 

40.8 

40.8 

113 

2.50 

50.0 

45.0 

N.  E. 
N.  W. 

N.  E. 

N. 
N.  W. 

N. 

N.  W. 
N.  W. 
W 

S.  W. 
W. 

s.  w. 
\v. 

S.  E. 
S.  W. 

s.  w, 

s. 
s.  w. 

N.  W. 

S.  E. 
S.  E. 
N.E. 

N.  W. 
N.  E. 
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In  order  to  determine  whether  any  appreciable  difference  in  tidal 
conditions  was  produced  by  the  flow  of  water  through  the  canal,  the 
tidal  records  were  taken  for  four  calendar  months  prior  to  the  opening 
of  the  canal  and  during  the  same  months  after  the  opening.  An 
average  of  all  the  tides  in  this  period  is  given  in  Table  11. 

TABLE  11. — Elevations  op  Mean  High  and  Mean  Low  Water  at 
Both  Ends  of  the  Canal  Before  and  After  Opening  to  Flow. 


Buzzards  Bay. 

Cape  Cod  Bay. 

High  water. 

Low  water. 

High  water. 

Low  water. 

103.17 
102.14 

98.36 
98.55 

104.56 

104.42 

95.54 

95.50 

It  will  be  seen  that  no  appreciable  influence  was  produced  on  the 
tidal  elevations  in  Cape  Cod  Bay,  nor  on  high-water  elevation  in 
Buzzards  Bay,  but  that  the  elevation  of  low  water  in  Buzzards  Bay 
was  raised  0.29  ft.,  or  about  3^  in.,  due  undoubtedly  to  the  inability 
of  the  water  to  discharge  itself  freely  in  the  shallow  depth  existing 
at  low  tide. 

In  order  to  ascertain  all  the  conditions  affecting,  or  produced  by, 
the  motion  of  water  in  the  canal,  an  elaborate  system  of  taking 
measurements  was  organized  after  the  excavation  had  been  completed 
so  as  to  give  free  flow. 

Observation  posts  were  established  at  Stations  45,  80,  125,  172,  225, 
275,  325,  375,  399+50,  and  410.  Station  45  is  where  the  canal  has  a 
bottom  width  of  200  ft.  At  Station  80  the  bottom  width  had  been 
reduced  to  the  normal  100  ft.,  the  narrowing  commencing  at  Station 
70,  Station  80  being  selected  for  observation  as  being  about  the  first 
or  last  place,  according  to  direction  of  current,  where  the  flow  was 
believed  to  be  normal  for  a  narrow  section.  Through  the  100-ft. 
section  the  observing  stations  were  at  about  5  000-ft.  intervals  to 
Station  399+50,  where  the  cross-section  is  increased  to  250  ft.  bottom 
width.  Station  410  is  the  end  of  the  canal.  At  all  these  stations,  tide 
boards  were  set  up,  and  their  elevations  were  carefully  checlied. 

At  each  post  there  was  an  experienced  observer  with  two  assistants, 
and  the  observations  were  made  simultaneously  and  continuously  for 
nearly  15  hours,  so  as  to  cover  fully  a  complete  tidal  cycle. 
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Olio  ot'  tlie  assistants  was  in  a  hoat  supplied  with  floats,  of  which 
lie  phicfd  (iiic  ill  tlio  center  of  the  eanal  every  15  miii.  about  600  ft. 
above  (according-  to  current)  the  observer.  The  second  assistant  was 
stationed  500  ft.  above  the  observer  sighting  across  the  canal  over 
marks  set  at  right  angles  to  the  line  of  the  canal.  The  accurately  placed 
canal  lights  served  well  for  such  i)urpose.  When  the  float  passed  the 
assistant  ho  signaled  to  the  observer  who  recorded  the  time  of  passage, 
and  again  the  time  when  the  float  passed  similar  marks  at  the  observ- 
ing station.  These  times  by  reduction  gave  the  center  surface  velocities. 
At  15-min.  intervals  the  observer  also  recorded  the  elevation  of  the 
water,  as  shown  by  the  tide  boards,  and  noted  the  direction,  time  of 
stopping,  and  reversing  of  the  current,  action  of  the  wind,  passing 
of  boats,  and  other  circumstances  affecting  the  flow.  The  observers' 
watches  were  synchronized  by  the  engineer  in  charge.  To  eliminate 
errors  these  observations  were  repeated  on  July  26th  and  August 
26th,  1914,  being  selected  as  days  when  a  head  differential  greater 
than  the  mean  was  to  be  expected.  All  reductions  and  computations 
were  made  in  the  Chief  Engineer's  ofiice  from  original  notebooks,  the 
observers  being  given  no  opportunity  to  check  their  recorded  observa- 
tions with  their  own  figures  or  those  of  adjacent  observers. 

To  permit  these  records  to  be  visualized,  they  have  been  plotted 
in  a  series  of  diagrams. 

The  first  of  the  series.  Fig.  18,  shows  the  simultaneous  elevations 
of  the  water  surface  as  taken  at  several  observation  stations.  By  con- 
necting the  elevations  at  the  same  time  points  by  straight  lines  be- 
tween observation  stations,  instantaneous  profiles  of  water  surface  are 
obtained.  These  lines  are  not  straight  from  one  end  of  the  canal 
to  the  other,  but  are  substantially  straight  only  for  those  portions  of 
the  canal  where  the  cross-section  is  uniform,  that  is,  between  Stations 
80  and  375,  where  the  canal  has  a  bottom  width  of  100  ft.  The  lines 
between  Stations  45  and  80  are  flatter  on  account  of  the  greatly  in- 
creased cross-section  of  the  canal.  The  slight  irregularities  occurring 
between  Stations  375  and  380  are  due  to  the  contraction  of  the 
Buzzards  Bay  Bridge. 

If  curves  are  drawn  osculatory  to  these  lines,  they  will  give  the 
elevations  of  high  water  and  low  water  at  all  points  through  the  canal. 
The  greater  the  number  of  simultaneous  water  profiles,  the  greater 
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will  be  the  number  of  points  given  on  the  curves,  but  the  more 
accurately  determined  loci  of  the  curves  will  not  vary  appreciably 
from  the  curves  as  drawn  on  Figs.  18  and  19.  These  curves  show  that 
the  elevations  of  high  and  low  water  are  not  on  straight  lines  between 
the  two  ends  of  the  canal,  as  the  surface  slopes  are,  but  lie  on  pro- 
nounced curves;  and  that,  for  substantial  portions  of  the  length  of 
the  canal,  tides  rise  neither  as  high  nor  fall  as  low  even  as  the  high 
and  low  minimimi  of  Buzzards  Bay.  This  result  was  not  anticipated, 
nor  was  it  suggested  by  any  writer  on  the  expected  tidal  results.  The 
differences  are  quite  material,  as  shown  by  Table  12,  which  gives  the 
actual  elevations  at  points  in  the  canal  and  computed  elevations  if 
the  high  and  low  water  were  on  straight  lines,  connecting  the  high 
and  low  points  at  Buzzards  Bay  and  Cape  Cod  Bay. 

TABLE  12. — Deviation  of  Actual  High-Water  and  Low- Water  Lines 
PROM  Straight  Lines  Connecting  the  Extreme  Elevations  at 
THE  Two  Ends  of  the  Canal. 


Observations  of  Juli 

'  26th,  1916. 

High  Water. 

Low  Water. 

stations. 

Actual 

Elevation  of 

Difference, 

Actual 

Elevation 

of  straight 

line. 

Difference 

elevation. 

straight  line. 

in  feet. 

elevation. 

in  feet. 

35  +  00 

104.80 

104.8 

93.87 

93.87 

45  +  00 

104.96 

104.77 

+  0.19 

93.87 

93.98 

+  0.11 

80  +  00 

101.60 

104.66 

—  0.06 

94.23 

94.40 

+  0.17 

125  +  00 

104.16 

104.52 

—  0.36 

94.70 

94.98 

+  0.23 

172  +  00 

103.50 

104.37 

—  0.87 

95.70 

95.48 

—  0.22 

225  +  00 

102.80 

104.20 

—  1.40 

96.90 

96.09 

—  0.81 

275  +  00 

102.33 

104.04 

—  1.71 

97.60 

96.67 

—  0.93 

325  +  00 

102.75 

108.88 

—  1.13 

98.16 

97.25 

—  0.91 

374  +  20 

103.25 

103.70 

-0.45 

98.21 

97.80 

—  0.59 

380  +  00 

103.83 

103.67 

—  0.34 

98.16 

97.87 

—  0.29 

399  +  50 

103.66 

103.66 

98.00 

98.00 

Observations  of  August  26th, 

1916. 

35  +  00 

105.58 

105.58 

94.75 

94.75 

45  +  00 

105.62 

105.53 

+  0.09 

94.72 

94.84 

+  0.12 

80  +  00 

105.50 

105.80 

+  0.20 

94.50 

95.16 

+  0.66 

125  +  00 

104.80 

105.02 

-0.22 

95.70 

95.59 

—  0.11 

172  +  00 

104.13 

104.73 

—  0.60 

96.20 

96.05 

—  0.15 

225  +  00 

103.30 

104.46 

—  1.16 

96.90 

96.45 

—  0.45 

275  +  00 

102.50 

104.15 

—  1.65 

97.55 

96.94 

—  0.61 

325  +  00 

102.50 

108.85 

—  1.35 

98.30 

97.42 

-0.88 

375  +  00 

103.04 

103.53 

—  0.49 

98.65 

97.90 

—  0.75 

880  +  00 

103.10 

103.50 

-0.40 

98.60 

97.95. 

—  0.65 

410  +  00 

108.30 

103.30 

98.21 

98.21 

... 

Differences  are  marl^ed  with  the  minus  sign  for  actual  elevations  falling  below 
the  straight  line  for  high  water,  and  for  elevations  falling  above  the  straight  line 
for  low  water. 
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Elevation  above  Datum. 


Elevation  above  Datum. 
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Sta.  37S 
Sta.  380 
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A  moment's  consideration  will  cxjjlain  this  curious  phenomenon: 
It',  in  an  open  cliannt'l,  tliere  is  tidal  action  at  one  end  only,  that  is, 
if  the  tidal  range  at  the  other  end  is  zero,  then  elevations  of  high 
and  low  water  at  intermediate  points  will  be  on  straight  lines  running 
from  mean  sea  level  at  one  end  to  high  or  low  level  at  the  other,  the 
elevations  being  proportional  to  the  distance.  If,  in  the  ease  of  a 
comparatively  short  canal,  where  the  instantaneous  surface  curves  can 
be  considered  as  substantially  straight  lines,  there  is  tidal  action  at 
both  ends,  amplitude  and  phase  being  the  same,  then  high,  low,  and 
intermediate  elevations  through  the  canal  will  be  on  horizontal 
straight  lines;  but,  if  the  amplitude  is  the  same  and  the  phase  is 
opposite,  that  is,  if  the  tides  are  a  full  tide  apart,  then  the  elevations 
of  high  and  low  water  through  the  canal  would  still  be  on  straight 
lines,  but  broken  at  the  midway  point,  the  instantaneous  profiles 
oscillating  through  this  same  point.  In  this  case,  no  matter  how  great 
the  rise  and  fall  at  the  ends,  there  would  be  no  tidal  rise  or  fall  at 
the  center.  When  the  amplitude  and  phase  of  the  tides  differ,  the 
connecting  lines  become  curved,  as  in  the  present  case.  This  question 
of  tidal  elevations  in  the  canal  must  not  be  confused  with  either 
the  velocity  or  the  instantaneous  slope  of  the  water. 

In  Fig.  IS  the  curves  of  high  and  low  water  are  not  symmetrical, 
\\-hich  at  first  thought  appears  should  be  the  case.  The  lack  of  syiumetry 
is  due  to  the  incompleteness  of  the  lower  branch  of  the  Buzzards 
Bay  tide  curve.  If  the  tide  fell  below  mean  sea  level  as  much  as  it 
rises  above,  the  apex  of  the  low- water  curve  would  be  advanced  so  as 
to  lie  beneath  the  apex  of  the  high-water  curve. 

The  elevation  and  location  of  the  apices  of  the  high-  and  low-water 
curves  are  functions  of  the  phase  difference  and  relative  magnitudes 
of  the  terminal  tides. 

The  line  of  elevations  of  low  water  is  of  great  practical  importance 
in  construction.  In  order  to  give  a  uniform  depth  of  water  at  low 
tide,  it  is  not  necessary  to  give  a  miiform  slope  to  the  bottom.  The 
line  of  low-water  elevations  should  be  determined,  which  can  easily 
be  predicated  from  tidal  records  at  the  ends,  and  the  excavation  be 
made  parallel  thereto.  An  inspection  of  the  figures  in  Table  12 
indicates  the  variation  from  computed  straight-line  or  uniform-slope 
elevations,  and  the  corresponding  saving  in  unnecessary  excavation  can 
be  estimated. 
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The  current  velocities  ascertained  by  the  observations  were  the 
velocities  on  the  surface  at  the  center  of  the  canal,  and  no  other 
method  of  measuring  velocities  was  practicable,  in  view  of  the  required 
great  frequency  of  the  observations  at  so  many  stations,  subject  as 
they  were  to  interruption  by  passing  vessels.  In  order  to  harmonize 
the  observations  with  flow  formulas  which  depend  on  and  give  mean 
velocity,  it  was  necessary  to  ascertain  the  relation  existing  between 
the  center  surface  velocity  and  the  mean  velocity  of  the  whole  cross- 
section,  as  it  actually  existed  in  a  channel  of  these  dimensions  and 
with  frictional  resistance  produced  by  the  material  forming  the  sides 
and  bottom. 

The  method  adopted  to  determine  the  mean  velocity  and  its  ratio 
to  the  center  surface  velocity  was  that  recommended  by  the  U.  S. 
Coast  and  Geodetic  Survey  Bureau.  A  point  in  the  canal.  Station  225, 
was  selected  where,  for  a  considerable  distance  in  both  directions,  the 
alignment  was  a  tangent  and  the  cross-sections  of  the  canal  were  sub- 
stantially uniform.  The  various  threads  of  flow,  therefore,  were 
straight,  parallel,  and  practically  undisturbed  by  local  eddies. 

A  wire  was  stretched  across  the  canal,  clear  of  the  water,  and  on 
it  were  fastened  tags  at  intervals  of  10  ft.  A  boat,  with  the  measuring 
crew,  was  held  at  each  tag  by  an  anchor  while  velocity  readings  were 
made,  beginning  at  the  surface  and  then  downward  at  intervals  of  2  ft. 
Measurements  were  thus  made  on  a  spacing  of  10  ft.  horizontally 
and  2  ft.  vertically  from  shore  to  shore  and  from  surface  to  bottom. 

The  gauging  was  done  with  a  Gurley-Price  current  meter,  which 
had  been  accurately  rated  by  the  manufacturers  immediately  prior 
to  use.  The  revolutions  of  the  meter  were  counted  for  30  sec,  and 
the  recording  of  the  velocities  in  each  full  vertical  took  from  10  to 
20  min.  each.  In  addition  to  recordmg  the  readings  of  the  meter, 
all  attending  circumstances  were  noted,  such  as  the  elevation  of 
the  water,  direction  and  strength  of  the  wind,  passing  of  vessels,  etc., 
and  float  velocity  determinations  were  made  as  a  check  on  the  meter 
and  the  work,  and  especially  to  record  the  variations  in  the  surface 
velocity  during  the  measurements. 

The  gauging  was  begun  on  the  center  line  on  July  10th,  1915, 
at  9.35  A.  M.  and  proceeded  toward  the  north  bank,  the  vertical,  90 
north,  being  measured  at  11.51  a.  m.,  when  the  elevation  of  the  water 
surface  had  fallen  from  101.7  to  100.5.     Beginning  again  at  vertical. 
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10  south,  at  11. 5G  A.  M.,  vertical  90  south  was  finished  at  1.43  P.  M., 
when  the  water  surface  stood  at  Elevation  99.6.  During  the  latter 
half  of  the  work  the  current  had  slackened  considerably,  so  that  the 
readings  in  the  south  half  of  the  canal  section  were  much  lower  than 
at  corresponding  points  in  the  north  half.  In  order  to  correct  this 
discrepancy,  readings  in  the  south  half  were  repeated  4  days  later 
when  local  conditions  of  tide,  current,  and  wind  were  comparably 
similar  to  those  prevailing  on  the  first  occasion. 

In  spite  of  this  repetition,  which  eliminated  excessive  variation 
in  current  condition,  there  naturally  were  minor  variations,  as  devel- 
oped over  a  period  of  more  than  2  hours.  These  were  compensated 
by  reducing  all  observations  to  maximum  center  velocity  by  mul- 
tiplying current-meter  readings  in  each  vertical  by  the  ratio  of  maxi- 
mum float  velocity  to  the  float  velocity  obser^-ed  during  the  reading 
at  such  vertical,  the  float  observations  being  repeated  when  the  meter 
readings  on  each  vertical  were  made. 

For  example,  the  maximum  center  velocity  occurred  when  the 
current-meter  readings  were  taken  on  the  vertical,  30  north,  and 
amounted  to  2.9G  knots.  When  the  readings  were  made  on  the  ver- 
tical, 60  north,  the  center  surface  velocity  was  2.55  knots,  and  there- 

2.96 
fore  all  readin2;s  in  this  vertical  were  multiplied  by  the  ratio,-— ^^  =  1.16 

2.00 

in  order  to  bring  them  to  a  parity  with  those  in  the  vertical,  20,  which 

were  the  maximum  and  standard. 

The  velocities,  in  knots,  at  points  in  the  cross-section  at  horizontal 
intervals  of  10  ft.  and  vertical  intervals  of  2  ft.  and  reduced  to  a 
common  basis,  are  platted  in  Fig.  20.  An  average  of  these  figures  gives 
the  mean  velocity  of  the  whole  cross-section  as  78%  of  the  maximmn 
surface  velocity.* 

In  order  that  these  observations  should  have  all  personal  bias 
eliminated,  and,  so  far  as  possible,  receive  ofiicial  recognition,  sug- 
gestions as  to  the  method  of  obtaining  the  data  accurately  were  invited 
from  the  U.  S.  Coast  and  Geodetic  Survey  Bureau,  and  that  Bureau 
kindly  delegated  a  representative.  Homer  P.  Ritter,  M.  Am.  Soc.  C.  E., 
to  supervise  the  taking  of  some  of  the  measurements,  to  see  that  they 
were  properly  made,  and  some  measurements  were  repeated  in  order 

*  H.  de  B.  Parsons,  M.  Am.  Soc.  C.  E.,  in  "Tidal  Phenomena  in  New  York  Harbor," 
Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXVI,  p.  2032,  says  :  "The  mean  sectional  velocity 
is  about  0.75  times  the  velocity  at  the  surface." 
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to  chock  the  aeciinicy  of  those  i)rcviously  recorded.     The  Engineer  of 
the  ll;irl»>r  mid    l-;uid  Commission  of  Massachusetts  did  likewise. 

An  inspection  of  Fig.  20  shows  that  the  maximum  velocity,  as  in 
other  streams,  is  not  at  the  surface,  but  at  a  considerable  distance 
helow  it,  and  that  the  velocity  increases  from  that  at  the  surface 
ti»  tlie  mnxiiniun   mid   lh(Mi  decreases  with  further  increase  in  depth. 


The  measured  velocities  in  the 
seven  central  verticals.  30  south 
to  80  north,  both  inclusive,  in 
which  the  velocities  are  the 
maximum,  and  which  are  the 
least  affected  by  side  resistance 
and  eddies,  have  been  averaged  "^ 

=  12 

and  platted  in  the  solid  line  in  -" 
Fig.  21.  I 

.  ,       .      ^  .  ^   >16 

An   analytical   expression  oi   s 
the  change  in  vertical  velocity  in  | 
a  stream  is  given  by  the  para-  ^ 
bolio  formula  proposed  by  Capt.  5 
Humphreys   and   Lieut.   Abbot,  q''^ 
Topographical  Engineers,  U.  S. 
A.,   in   their   memorable   classic 
"The  Hydraulics  of  the  Missis- 
sippi River"  in  18G1 : 

d  —  il 


/'Water  bnrtuce 


where    V 


1.0      1.5      2.0      2.5 

Velocities,  ia  Knots. 


Fig.  21. 
velocity  at  a  point  in  the  vertical  the  depth  of  which 
below  the  surface  is  denoted  by  d; 
V^^  =  maximum  velocity  in  the  vertical ; 
V      =  mean  velocity  of  the  whole  cross-section ; 
D     =  depth  of  vertical ; 
d^    =  depth  of  the  point  of  maximum  velocity  in  the  vertical 

below   the   surface ; 
d     =  depth  of  any  point  in  the  vertical  below  the  surface; 
constant 


b      = 


the   value  of  which  for  the  section  of  the 


\/  D  +  1.5 
canal  under  consideration  was  found  to  be  2.93. 
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The  curve  given  by  this  formula  is  shown  by  the  dotted  line  in 
Fig.  22,  its  point  of  origin  at  the  surface  being  taken  coincident  with 
the  measured  surface  velocity.  The  measured  vertical  velocity  line 
is,  as  was  to  be  expected,  a  broken  and  not  a  regular  curve,  but  it 
corresponds  with  astonishing  closeness  with  the  theoretical  parabola, 
so  closely  that  the  latter  is  a  fair  average  of  the  former,  as  it  should 
be.  The  depth  of  maximum  velocity  is  0.313  D.  The  depth  to  the 
point  on  the  parabola  where  the  velocity  is  the  same  as  the  mean 
velocity  is  0.675  D.  In  round  numbers,  the  maximum  velocity  occurs 
at  one-third,  and  the  mean  velocity  at  two-thirds,  of  the  depth.  The 
average  maximum  velocity  is  1.066  times  the  maximuna  surface 
velocity,  and  therefore  the  mean  velocity,  being  0.78  of  the  maximimi 
surface  velocity,  is  0.73  of  the  maximum  velocity. 


11      Noon  1  P.M.    2 
Time 
Fig.  22. 

The  plotting  of  the  velocity  observations  gave  curves  which  were 
not  smooth  but  broken.  These  breaks  in  alignment  were  due  to  the 
inevitable  variations  in  contiguous  observations  and  to  the  fact  that 
water  in  a  large  channel  does  not  flow  with  absolute  uniformity  but 
in  pulsations  developed  from  any  causes,  such  as  the  roughness  of 
the  bottom  and  sides,  producing  eddies;  the  local  action  of  wind, 
and  the  passing  of  boats  setting  up  waves  that  are  felt  at  considerable 
distances.  These  irregularities  were  disregarded,  and  a  smooth  curve 
in  each  case  was  plotted,  which  was  the  average  of  the  observations. 
As  a  matter  of  interest,  Fig.  22  shows  the  actual  observations  as  made 
at  Section  172  (a  fair  example)  and  the  smooth  curve  which  was 
taken  as  the  basis  for  computation. 
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Figs.  23  to  27  show  the  smooth  curves  at  each  of  the  observation 
stations,  the  ritiht-haiid  scale  rei'erring  to  center  surface  velocities, 
the  left-hand  scale  to  the  velocities  reduced  to  naean  velocity  for  the 
whole  section  by  multiplying  the  observed  surface  velocities  by  0.78, 
the  ascertained  coefficient.     The  abscissas  of  these  curves  represent 


Noon  1  P.M. 
Time 


FIG.   23. 

the  time,  and  the  velocities,  in  knots*  per  hour,  are  plotted  as  ordinates, 
above  the  axis  for  easterly  and  below  for  westerly  current.  Where 
the  direction  of  the  current  is  referred  to  as  easterly  or  westerly,  it  is 
to  be  understood  as  being  toward  the  east  or  west;  that  is,  from 
Buzzards  Bay  to   Cape  Cod  Bay  or  the  reverse,   respectively.     The 

•  1  knot  =  1  nautical  mile  =  6  080  ft.,  1  knot  per  hour  =  1.69  ft.  per  sec. 
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observations  on  both  occasions  (July  26th  and  August  2Gth)  are  shown 
with   evident  closeness   in   results. 

To  show  the  relation  existing  between  velocity  and  "head",  curves 
are  plotted  at  the  bottom  of  each  figure  showing  the  measured  dif- 
ferences in  water  elevations  at  the  two  ends  of  the  canal,  also  plotted 
as  ordinates  to  the  time  abscissas. 


The  striking  and  important  characteristic  features  of  these  curves 


1. — They  closely  resemble  each  other  as  to  maxima  and  shape, 
thus  providing  a  check  on  the  accuracy  of  the  observers.  The  varia- 
tion in  maximum  readings,  except  for  Stations  45,  375,  399+50,  and 
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410,  where  the  canal  cross-section  is  fircatly  increased,  and  at  ^Station 
80  on  the  easterly  and  Station  375  on  the  westerly  current,  to  be 
referred  to  hitcr,  are  readily  accounted  for  by  slight  variations  in  local 
conditions. 


11  Noon  1P.M.  2 
Time 


7  8  P.M. 


F;g.   25. 

2. — The  form  of  the  curve  approximates  that  of  a  sine  curve,  that 
is,  the  rate  of  change  of  the  absolute  value  of  the  velocities  is  zero 
at  the  maximum  in  both  directions  of  flow,  and  increases  gradually 
toward  zero  velocities.  The  change  of  sign  takes  place  very  rapidly 
at  the  reversal  of  the  current.  At  maxima  velocities  the  character  of 
flow  approximates  that  of  uniform  motion. 
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3. — Maximum  and  zero  velocities  occur  at  very  nearly  the  same 
instants  throughout  the  whole  length  of  the  canal.  These  last  two 
features  indicate  that,  for  the  special  case  of  the  Cape  Cod  Canal, 
good  approximate  values  for  maxima  velocities  can  be  derived  by  apply- 
ing formulas  pertaining  to  uniform — or  at  least  permanent — flow  in 
channels. 


11  Nooa  IP.M.  2 
Time 

Pig.   26. 

4. — The  descending  branches  of  the  velocity  curves  have  a  somewhat 
greater  inclination  than  that  of  the  ascending  branches. 

5. — The  duration  of  the  easterly  current  is  sensibly  longer  than 
that  of  the  westerly  current. 
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'J'lie  dia^^Tum  of  elovation  dilfereuces  shows  that  though,  for  some 
local  cause,  the  maximum  head  was  considerably  lower  for  westerly 
than  for  easterly  currents  during:  the  observations  on  July  SOth,  on 
August  '2i>th  the  maxima  heads  in  opposite  directions  were  almost 
equal.  I'herefore,  for  the  theoretical  analysis  of  the  problem,  the 
data  furnished  hy  the  observations  on  the  latter  date  have  been  selected. 
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The  average  velocities  in  the  canal  are  closely  related  to  each 
other  as  the  square  roots  of  the  actuating  heads,  and,  therefore,  follow 
tlie  law  of  falling  bodies,  according  to  the  basic  formula,  F  =  V  2  y  /i, 
which  is  the  foundation  of  all  liydraulic  formulas.  That  the  increase 
in  velocity  will  be  only  as  the  square  root  of  the  actuating  head,  and 
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not  as  the  full  head,  was  a  fact  overlooked  by  many  in  considering 
the  possibility  of  opening  a  canal  at  sea  level  without  locks.  Although 
admitting  the  possibility  of  success  for  the  Cape  Cod  Canal  at  heads 
of  5  ft.,  some  people  had  serious  doubts  as  to  what  would  happen  at 
times  of  great  storms  piling  up  the  water  at  one  end  and  depressing  it 
at  the  other,  their  fears  extending  even  to  the  complete  destruction  of 
the  canal  by  excessive  erosion  of  the  banks.  Experience  has  shown 
that,  even  on  extraordinary  tides,  when  the  head  has  reached  a  maxi- 
mum of  9  ft.,  the  current,  though  swift,  is  neither  destructive  nor  pro- 
hibitory to  navigation.  At  the  time  of  the  occurrence  of  the  observed 
maximum  head  during  the  great  storm  of  January,  1915,  when  the 
water  surface  at  the  east  end  was  9.5  ft.  higher  than  that  at  the  west 
end,  the  central  surface  velocity  was  measured  as  4  knots,  cor- 
responding to  a  mean  velocity  of  3.12  knots,  which  is  in  line  with 
the  increase  as  the  square  root  of  the  head.  Therefore,  to  determine 
the  mean  velocity  in  the  Cape  Cod  Canal  at  any  head,  it  is  only  neces- 
sary to  know  the  velocity  at  a  given  head  and  to  multiply  that  by  the 
ratio  of  the  square  roots  of  the  head  at  which  the  velocity  is  sought 
and  that  which  is  given.  Thus,  the  mean  velocity  at  5  ft.  of  head  is 
2.36  knots.     The  mean  velocity  at  any  other  head  is 

_   2.36  VTt 
V   5 

It  has  been  pointed  out,  as  will  be  seen  from  an  inspection  of  the 
diagrams,  that  the  head  remains  nearly  constant  for  considerable 
lengths  of  time,  the  actual  head  on  a  typical  mean  tide  during  a  tidal 
cycle  being  as  given  in  Table  13. 

The  mean  velocities  corresponding  to  the  heads  given  in  Table  13, 
taking  the  average  of  the  observations  on  both  days,  are  given  in 
Table  14. 

Another  feature  of  interest  is  the  following:  Although  the  velocity 
diagrams  for  Stations  172,  225,  275,  and  325  show  practically  equal 
maxima  in  both  directions,  as  is  to  be  expected  from  equal  tidal  differ- 
ences, the  readings  at  the  terminal  stations  (80  and  399  -f-  50)  on  July 
26th  or  at  Station  410  on  August  26th,  show  considerable  discrepancy 
between  maxima.  Station  80  is  at  the  east  end  of  the  canal  proper, 
close  to  the  point  where  it  is  doubled  in  bottom  width;  Stations  399  -f-  50 
and  410,  although  possessing  a  greater  area  of  cross-section  than  the 
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Time,  in  hours 
anU  minutes. 

Head,  in  feet. 

Mean  velocity  In  canal, 
in  knots. 

5. no  A.  M. 

3.75 

f  2.08 

5.15 

4..S5 

2.21 

S.-SO 

4.75 

2.35 

5. 45 

5.17 

2.48 

0.(K) 

"d 

5.50 

2.57 

ti.l5 

§ 

5.83 

2.64 

ti.30 

5.87 

■               *j 

2.70 

t).-15 

5.S9 

a 

2.72 

7.110 

B 
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t 
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4)    ■ 

5.58 

3 

2.71 

7.30 

5.42 

2.68 

7.45 

5.10 
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8.15 

-a 

4.42 
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8.30 
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4.08 
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2.83 
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X 

3.46 

f^ 

2.19 

9.0O 
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2.02 

9.15 

2.15 

1.83 

9.30 

1.42 

I  0.56 

1.58 

9.45 

1.27 

10.00 

r  0.12 
0.92 

0.89 

10.15 

.0.41 

10.80 

1.67 

ro.24 

0.87 

10.45 
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normal  canal  section,  are  at  the  point  where  the  canal  debouches  into 
Buzznr<ls  B;iy.  When  the  current  was  iiowing  east,  the  maximum 
center  surface  velocity  on  Au{?ust  2()th  at  Station  80  was  3.8  knots, 
as  compared  with  2.8  knots  when  the  current  was  flowing  west;  wherea.s, 
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TABLE    14. 


Head,  in  feet. 

Observed  mean  velocity 
in  canal,  iu  knots 

Mean  velocity  by  formula, 

2.36  X  —  knots. 

J  5 

3 

3V8 

1.C9 
1  93 

1.83 
I.9S 

4 

4V2 

2  03 
S.20 

2.12 
2.24 

5 
51,4 

2.36 

2.50 

2.3fi 

2.48 

6 

2.82 

2.60 

at  Station  225,  on  the  same  date,  the  maximum  center  surface  velocity 
was  3.7  knots  in  each  direction.  At  the  west  end  of  the  canal  at  Station 
410  the  maximum  center  velocity  on  the  east-bound  current  was  less 
than* 2  knots  and  slightly  more  than  3  knots  on  the  west-bound  current. 
That  is  to  say,  in  both  cases  when  the  current  was  flowing  from 
a  narrow  to  a  broader  cross-  leo 
section,  the  center  surface  si4o 
velocity  was  increased;  and  it  oiio 
was  decreased  when  the  flov;  piuo 
was  in  the  opposite  direction,  £  »" 

o 

or    from    broad    to    narrower.  ^^  t^o 

« 
As  the  volume  of  water  pass-  |  ^"^ 

o 

ing    Station    80    is    the    same  P_ 
as  in  any  other  normal  canal 
(•ross-section,  though  the  cen-  g^^ 

1        .  .  .  T  „.  » 100 

ter  velocity  is  quite  dmerent,  ^ 

a   80 

it  must  be  that  the  same  rela-  ^ 
tion    between    center    surface  o 
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velocity     and     mean     velocity  s 
does  not  exist. 

To  prove  this  assumption,  ^ 
current-meter  measurements 
were  made  at  Stations  75  and  85,  and  the  average  of  these  showed  that 
the  mean  velocity  of  the  cross-section  at  Station  80  is  only  about  68%, 
instead  of  78%,  of  the  center  surface  velocity  when  the  current  is  flow- 
ing in  an  easterly  direction.  In  Fig.  28  the  velocities  on  the  surface  and 
near  the  bottom  of  the  canal  are  plotted,  expressed  in  percentages  of  the 
mean  velocity  for  the  whole  cross-section  for  Stations  80  and  225,  for 
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comparison.  Tliis  diajirani  shows  tliat  though  the  surface  velocities 
at  Station  80  are  measurably  greater  than  those  at  Station  225,  the 
velocities  near  the  bottom  are  in  the  inverse  ratio.     No  measurements 

were  made  on  tlie  westerly  flow,  but  undoubtedly  the  opposite  condi- 

* 

tions  exist;  that  is,  there  is  a  higher  proportionate  bottom  and  side 
velocity  to  balance  the  known  lower  surface  velocity,  so  that  the  mean 
cross-sectional  velocity  would  have  a  higher  ratio  to  the  center  sur- 
face velocity  than  the  normal  figure  of  0..78,  as  that  on  the  easterly  flow 
is  lower,  the  ratio  being  about  0.85  to  0.88.  As  this  phenomenon  is 
repeated  at  both  ends  of  the  canal,  it  is  evidently  not  a  matter  of 
chance,  and  an  explanation  is  offered  that,  when  the  current  is  from 
a  narrow  to  a  broad  section,  there  is  a  contraction  similar  in  character 
to  that  which  oceiirs  when  a  jet  issues  from  an  orifice;  but  when  the 
current  is  from  broad  to  narrow  the  diverted  threads  of  flow  at  the 
sides,  which  find  no  place  in  the  narrow  section,  if  continued  in 
straight  lines,  are  pushed  toward  the  center,  and  increase  the  velocity 
of  flow  at  the  sides,  thus  automatically  reducing  the  velocity  of  the 
surface  center  flow,  as  the  volume  of  water  passing  the  section  in  a 
given  interval  of  time  is  the  same;  and  if  the  velocity  at  any  part 
of  the  cross-section  is  increased,  a  compensative  reduction  must  take 
place  at  some  other  point. 

In  a  Canal,  therefore,  the  transition  to  increased  cross-section 
should  be  made  very  gradually.  In  the  canal  in  question  a  length  of 
500  ft.  was  given  to  a  gradual  widening,  but  this  is  seen  to  be  insuffi- 
cient to  eliminate  all  variations  in  flow. 

A  phenomenon  of  much  interest,  as  shown  by  these  diagrams,  is 
that  the  time  of  neither  maximum  current  nor  zero  current  coincides 
with  the  time  of  maximum  tidal  difference  or  of  simultaneous  equal 
end  elevation. 

Averaging  the  times  of  maximum  and  zero  currents  at  Stations 
80  to  375,  both  inclusive,  so  as  to  eliminate  local  variations  in  observa- 
tions, the  lag  in  time  for  the  foregoing  current  conditions  is: 

Maximum  easterly  current  behind  Buzzards  Bay  high.  .0.31  hour. 
!Ma.\imum  vresterly  current  behind  Cape  Cod  Bay  high.  .0.21       '' 
Zero   velocity  current  behind  equal  elevation,   Buzzards 

Bay  tide  falling   0.51       "' 

Zero  velocity  current  behind  eciual  elevation.  Cape  Cod 

Bay  tide  falling 0.44       '' 
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By  "Buzzards  Bay  tide  falling"  or  "Cape  Cod  Bay  tide  falling"  is 
meant  that  the  tide  at  the  end  named  is  ebbing,  and  what  had  been 
superelevation  at  that  end  immediately  prior  to  the  moment  of  equal 
end  elevation  is  about  to  be  reversed. 

It  will  be  noted  that  the  lag  of  zero  velocity  in  both  cases  is  greater 
than  the  lag  of  maximum  velocity,  and  that  the  lag  of  the  maximum 
or  minimum  (=  0)  state  of  the  current  when  governed  by  Cape  Cod 
tidal  influence  is  greater  than  when  governed  by  Buzzards  Bay  tidal 
influence.  An  examination  of  the  current  diagrams  shows  in  all  cases 
a  steeper  inclination  to  the  descending  than  to  the  ascending  part 
of  the  curve,  which  accounts  for  the  difference  in  lag. 

A  singular  outcome  of  this  phenomenon  is  that,  with  equal  end 
elevations  following  Buzzards  Bay  falling  tide,  there  is  a  current  with 
an  average  mean  velocity  of  more  than  1  knot  per  hour,  although  at 
that  instant  there  is  no  head  to  produce  it.  When  the  current  velocity 
is  zero  (or  slack  water),  there  is  a  difference  in  head  in  Cape  Cod  Bay 
over  Buzzards  Bay  of  1.5  ft.  Between  those  limits  of  time  (30  min.) 
the  water  in  the  canal  is  actually  running  up  hill,  from  a  maximum 
current  of  1.1  knots  when  the  slope  is  level  to  a  current  of  zero  velocity 
when  the  adverse  head  is  1.5  ft.  On  the  other  tide,  when  the  end  eleva- 
tions are  equal,  the  mean  current  velocity  is  0.74  knot,  and  when  the 
velocity  is  zero  the  adverse  head,  opposite  to  what  has  been  producing 
flow  immediately  previovis,  is  1.0  ft. 

The  explanation  of  these  phenomena  of  lag  lies  in  the  dynamic 
properties  of  moving  liquids.  A  time  interval  is  required  to  develop 
full  momentum  imparted  by  an  extraneous  force,  in  this  case  the  full 
momentum  not  being  reached  mitil  after  its  creating  force  has  passed 
the  apex  of  its  energy.  In  like  manner,  momentum  when  once  set  up 
continues  unaided  until  absorbed  by  friction  or  checked  by  a  new  and 
opposing  force.  The  case  of  an  inflowing  tide  in  a  narrow  estuary 
being  stopped  by  a  diim  or  lock  and  producing  at  that  point  a  higher 
elevation  to  high  tide  and  a  lower  one  to  low  tide  than  the  normal  is 
well  known.  In  the  Cape  Cod  Canal  there  is  no  such  abrupt  stop,  but 
there  is  seen  a  very  beautiful  illustration  of  the  balancing  and  oscil- 
lating action  of  two  waves  in  their  alternate  development  and  arresV 
ing  of  motion.  The  rising  tide  at  one  end,  when  its  elevation  exceeds 
the  tide  at  the  other,  produces  a  force  in  opposed  head  to  overcome 
the  momentum  imparted  by  the  previous  "head"  at  the  other  end,  and 
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then  it  in  turn  establishes  a  return  ilow.  It  will  he  noted  that,  \vh(Mi 
tlio  veh)eit.v  at  0  ft.  ditt'erential  of  elevation  is  1.1  knots,  an  increasing 
head  to  a  nia.xinunn  of  1.5  ft.  is  necessary  to  check  it,  and,  when  it  has 
the  opposite  direction  of  velocity  of  0.74  knot,  a  head  of  1.0  ft.  suffices. 
On  account  of  this  lat*',  tlu>  diaurams  must  be  read  with  care  to  deter- 
mine the  velocity  corresponding  to  any  given  head.  A  direct  projec- 
tion from  the  ''head"  to  the  "velocity"  curve  will  not  give  the  accurate 
rate;  allowance  must  be  made  for  lag.  The  harmonic  analysis  of  this 
and  other  features  of  the  in-obh^ni  is  i)resented  in  the  mathematical 
consideration. 

A  further  peculiarity  of  the  motion  of  the  water  in  the  Cape  Cod 
Canal  is  revealed  by  inspecting  Fig.  19,  which  represents  the  instan- 
taneous surface  curves  of  the  canal  for  August  2Gth,  1915.  It  will  be 
noted  that  at  Station  172  the  inclination  of  the  surface  had  exactly 
the  same  value  at  noon  (westerly  current)  as  at  0.00  P.  M.  (easterly 
current),  but  the  elevations  of  the  water  were  104.13  and  96.30, 
respectively,  the  hydraulic  radius  being  22.25  ft.  at  noon  and  17.95 
ft.  at  6.00  P.  M.  From  the  principles  of  hydraulics,  therefore,  the 
velocity  of  the  flow  at  noon  should  have  been  about  16%  greater  than 

/r,          G,  V  i?,  S  \ 

at  O.OO  P.  M,  (  —  =     — :===  —  1-10  )  •     However,  referring  to  the 

corresponding  velocity  diagram,  it  will  be  found  that  the  velocities  were 
almost  exactly  the  same  at  these  two  time  points.  A  similar  result  is 
obtained  for  Station  225,  comparing  observations  at  7.00  a.  u.  and 
1.00  P.  M.  This  fact  indicates  that  a  change  of  the  hydraulic  radius, 
resulting  solely  from  the  tidal  variations  of  the  depth,  has  only  a  slight 
intluence  on  the  velocities,  and  that  the  flow  in  tidal  streams  similar  to 
the  Cape  Cod  Canal  obeys  different  laws  than  those  governing  the  uni- 
form motion  of  water  in  canals. 

Another  unique  feature,  the  discussion  of  which  is  made  possible  by 
the  measurements  of  water  elevations  at  the  Cape  Cod  Canal,  is  the  very 
complicated  nietliod  of  the  wave  ])ropagation  therein.  In  a  canal  sub- 
jected to  tidal  influences  at  one  end  only,  the  propagation  of  the  wave 
is  at  a  nearly  constant  rate,  and  its  velocity  can  be  expressed  approxi- 
mately by  to  =  s/  ff  H.  (This  formula  will  be  discussed  later  in  the 
niatliematical  part  of  the  paper.)     ]\reasurements  in   the  Suez   Canal 
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showed  a  very  close   agreement  between  the   computed   and   observed 
values  of  the  velocity  of  wave  propagation. 

At  the  Cape  Cod  Canal  the  conditions  are  entirely  different,  the 
value  of  the  velocity  of  wave  propagation  being  a  function  of  the  time 
interval  between  the  high-water  points  of  the  two  ends  and  also  of  the 
relative  magnitude  of  the  amplitudes  of  the  two  tides.  It  is  evident 
that  high  water  along  the  canal  at  the  consecutive  stations  will  be 
reached  in  the  time  interval  between  the  high  waters  at  Buzzards  Bay 
and  Cape  Cod  Bay.  On  August  26th  this  time  interv^al  was  about  3 
hours  20  min.,  high  water  at  Station  410  occurring  at  8.45  A.  M.  and 
at  Station  35  at  12.05  P.  M.  The  corresponding  average  velocity  is 
3.12  ft.  per  sec,  or  only  about  one-tenth  of  that  furnished  by  the 
formula. 

WAVE  PROPAGATION 
Observations  of  Aufrust  '^etli,  1915. 


Fig.  29. 
An  inspection  of  Figs.  29  and  30,  which  show  the  time  occurrence 
of  high  and  low  water  and  also  of  slack  water  along  the  canal,  plotted 
as  ordinates  to  the  station  abscissas,  reveals  the  fact  that  the  true 
propagation  of  the  compound  wave  which  results  from  the  combination 
of  the  two  tidal  motions  is  very  different  from  this  average  value.  The 
propagation  is  very  swift  and  sometimes  almost  instantaneous  for  the 
reaches  near  the  ends  of  the  canal,  and  it  becomes  very  slow  for  about 
two-fifths  of  the  length  at  high  water  and  for  about  one-sixth  at  low 
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wator.     Figs.  2D  and  30  show  the  overwhelming-  influence  of  the  Cape 

Cod  wave  over  the  Buzzards  Bay  wave,  the  length  of  the  corresponding 

nearly  horizontal  lines  indicating  time  of  high  and  low  water  along 

the  canal  being  nearly  proportional  to  the  difference  in  amplitudes  at 

these  points.     An  interesting  contrast  to  the  propagation  curve  of  high 

and  low  waters  is  the  almost  exactly  simultaneous  occurrence  of  slack 

water  on  the  entire  length  of  the  canal,  which  is  also  shown  on  the 

diagrams. 

WAVE  PROPAGATION 
Observations  of  July  iSth,  lOn. 


Although  it  does  not  seem  jjossible  to  find  an  analytical  expression 
for  the  velocity  of  the  wave  propagation  in  the  Cape  Cod  Canal,  the 
problem  can  be  solved  with  the  aid  of  the  harmonic  analysis  of  the 
motion,  by  calculating  the  water  elevation  curve  for  every  station  (as 
will  be  shown  later)  and  picking  out  the  high,  low,  and  slack-water 
times  of  the  same  and  plotting  these  times  as  ordinates  to  the  station 
abscissas. 

The  Solution  of  the  Problem  by  Harmonic  Analysis. 

It  is  a  somewhat  curious  fact  that  textbooks  on  hydraulics  in  use 
in  engineering  practice  do  not  give  any  information  whatsoever  on 
the  analytical  side  of  tidal  phenomena,  and  that  even  standard  books 
on  hydrodynamics  deal  with  the  practical  problem  of  tidal  currents 
in  a  very  incomplete  way.  For  the  study  of  tidal  motion  in  canals, 
one   must   search   the   libraries    for   very   rare   scientific   publications, 
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and,  therefore,  it  is  hoped  that  a  complete  discussion  of  the  question 
will  be  welcomed  by  the  members  of  the  Society  and  the  readers  of 
the  Transactions  in  general. 

The  classical  solution  of  the  problem  of  tidal  currents  in  canals 
was  derived  by  Sir  George  Biddell  Airy,  of  Cambridge,  later  Astron- 
omer Royal,  Greenwich  Observatory,  in  his  dissertation  on  "Tides 
and  Waves."*  All  subsequent  treatment  of  the  subject  has  been 
based  on  Airy's  work,  and  in  the  following  pages  the  theory  of  tides 
in  canals,  as  derived  by  him  and  interpreted  by  Professor  Maurice 
Levy  of  the  College  de  France  in  Paris,  will  be  given  with  such  modi- 
fications and  additions  as  are  deemed  justified,  with  reference  to  the 
data  obtained  by  careful  measurements  at  the  Cape  Cod  Canal. 

i. — General  Assumptions. — Assume  that  the  canal  is  narrow  enough 

to  permit  all  movements  to  be  regarded  as  parallel  to  the  longitudinal 

axis  of  the  canal,  so  that  it  is  sufiicient  to  study  the  conditions  along 

a  vertical  plane  through  this  axis. 

P'  /S 
In  Fig.  31  let  F  be  the  intersection  ^___B_ r-^ 

of  this  plane  with  the  bottom   of    ^^^^^^rt:^^^ 1 \j^^ 

the  canal,  which  is  supposed  to  be       ^^^-"'''^  1 

horizontal     or     very     slightly     in-  \ 

clined.     Let  S^  be  the  intersection  0^^^^,,^^^,;^^^^^,^^^^^^^ 

of  the  plane  with  the  surface  of  the     ■'w^^^^ ^  >\^dx'>^^ 

canal,  when  the  water  is  in  equilib-  fig.  31. 

rium  or  in  a  state  of  permanent  motion,  due  to  gravity  and  friction 

only,  and  let  S  be  the  intersection  of  the  plane  with  the  mobile  surface, 

in  case  the  motion  of  the  water  is  not  permanent,  due  to  the  action  of 

the  stars  or  any  other  cause. 

Also  assume  that,  at  the  same  line,  A-B,  normal  to  the  bottom, 

the  longitudinal  displacements  will  be  practically  the  same  for  every 

particle.     This  has  been  proved  by  Airy,  who  in  Section  180  says: 

"When  the  length  of  the  wave  is  great  in  comparison  with  the 
depth  of  the  water  (as  in  the  case  of  tide  waves),  the  horizontal 
motion  is  sensibly  the  same  from  the  surface  to  the  bottom     *     *    *." 

It  is  sufficient,  therefore,  to  study  the  motion  of  the  point,  B,  at 
the  surface. 

Assume  that  the  tide  generated  within  the  canal  is  so  small  as  to 
be  negligible,  and  therefore  the  non-permanent  motion,  which  it  is 
proposed  to  investigate,  is  due  to  other  direct  causes. 

*  "EncyclopEedia  Metropolitana,"  Vol.  V,   1845. 
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Filially,  assume  that  the  iiidvciiK'nts  of  the  line,  S,  are  small  in 
relation  to  the  depth  of  the  canal. 

:2. — Differential  Equations  of  the  Vari/infi  Motion  of  the  Water  in 
Canals. — Hydrostatics  teaches  that  lor  a  tluid  at  rest  the  free  surface 
is  a  surface  normal  to  the  resultant  of  the  forces  at  each  point  of 
aiiplication,  B.  According  to  d'Alembert's  theorem,  the  same  holds 
fTood  for  the  case  of  motion,  but  the  force  of  inertia  of  the  point  con- 
sidered should  be  added  to  the  attacking  forces.  The  algebraic  sum 
of  the  projections  of  these  forces  on  the  tangent  to  the  surface  is 
consequently  zero. 

Let  jt  be  the  projection  of  the  acceleration  of  the  point,  B,  and  m 
its  mass;  then  —  m  jf  is  the  projection  of  its  force  of  inertia.  The 
i-iuiiiKiueiit  of  the  gravity  is  —  m  g  sin.  /,.,  /.,.,  denoting  the  inclination 
of  the  tangent.  BB'  of  the  free  surface,  directed  in  the  sense  of  increas- 
ing x'  and  being  taken  positive  above  the  horizon,  x'  representing 
the  distance  of  the  section,  AB,  from  a  fixed  point,  0. 

Then,  disregarding  friction,  the  equation  sought  will  read 

—  mjt  —  m  g  sin.  Ig  =  0, 
or  ;^  =  —  g  sin.  Ig (a) 

being  an  expression  of  the  mean  acceleration  along  the  section,  AB. 

Taking  friction  into  consideration,  the  mean  acceleration  in  the 
section  determined  by  the  friction  must  be  added  to  the  right-hand 
side  of  Equation  (a).  Now,  the  sum  of  the  friction  between  the 
filaments  of  water  is  zero,  by  virtue  of  the  principle  of  action  and 
reaction,  and  therefore  only  the  friction  of  the  water  at  the  wetted 
perimeter  should  be  considered.  Let  F  be  the  friction  per  unit  of 
wetted  surface  and  X  the  wetted  perimeter  of  the  section,  AB,  and  let 
the  section,  A'B',  be  infinitely  near  to  AB,  at  a  distance,  x'  +  d  x', 
from  0.  The  wetted  surface  of  the  canal  between  the  two  sections 
equals  .Y  d  x',  and  the  corresponding  friction,  F  X  d  x'.     The  mass  of 

liquid,  AB-A'B'  is  -    £1  d  x' ,  denoting  the  area  of  the  section,  A  B,  by 

D..  and  the  weight  of  the  liquid  per  unit  volume  by  ?^. 

The  mean  acceleration  due  to  the  force,  F  X  dx',  therefore,  reads 

F  X  a  x'  _(i  F  X 

-'■  ndx'       ' 
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and,  being  directed  opposite  to  the  motion.  Equation  (a)  becomes 

(/  F  X 
.;;  =  —  r/  sin.  i,  —  —^ (h) 

Let  i/f  be  the  ordinate  of  the  point,  A,  of  the  bottom  of  the  canal, 
measured  from  an  arbitrary  datum  line;  this  ordinate  is  a  function 
of  the  one  variable,  x' ;  and  let  z  be  the  depth  of  the  canal  at  A 
at  the  instant,  t,  that  is,  z  is  a  function  of  the  two  independent 
variables,  x'  and  t.    Then 

sm.  J.  =  — -^ = f  H 7  =  sni.  J  H ■  =  /  +  — — 

d  x'  6  x'        8x'  d  x'  S  x' 

denoting  the  slope  of  the  bottom  by  I,  figured  positive  above  the 
horizon,  so  that  I  is  positive  or  negative  according  to  whether,  by 
ascending  the  bottom  slope,  we  go  in  the  direction  or  against  the 
positive,  x'. 

Assuming  that  the  friction,  F,  per  unit  surface  is  proportional  to 
the  nth  power  of  the  velocity,  v,  so  that 

F  =  f,v- (c) 

/q  being  a  coefficient  varying  with  the  consistency  of  the  wetted  peri- 
meter and  being  equal  to  F  for  miit  velocity,  Equation   (b)  becomes 

Jt^-ill-ilj^-f^'' {d) 

if,  for  the  sake  of  simplicity,  we  put 

f  =  ^^ w 

In  Equation  (a),  /  is  positive  always,  if  n  is  an  odd  figure,  also,  if  n 
is  even  and  v  >  0;  in  other  words,  if  the  motion  is  in  the  direction 
of  positive  x'.  If  v  <  0  and  n  is  even,  the  lower  sign  should  be  taken. 
In  order  to  transform  Equation  {d)  into  an  equation  of  partial 
derivatives,  let  us  characterize  a  section  by  the  abscissa,  x,  and  the 
depth  of  the  water  at  that  section  by  y  at  a  particular  instant,  which 
is  taken  as  the  origin  of  time;  the  abscissa,  x',  and  the  depth,  z,  of 
the  section  at  the  instant,  t,  will  then  be  functions  of  the  two  inde- 
pendent variables,  t  and  x.  To  follow  the  motion  of  the  particles  of 
a  section  designated  by  its  initial  abscissa,  x,  it  is  sufficient  to  let  the 
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time   vary   only.      Tlio   expression    for   velocity    and   acceleration    will 
consequently  be 

V  =  ,  and 

d  t 

d  V  _  6-  x' 

•''  ^  Vf,^T7 ^-^^ 

Substitutinu-  in  E(|Uation  (d) 

S^  X'         .  /d  x'\ "  .  5  z 


m 


+  ^  hrr      -f  y  ^  =  —  9 


Sf\f>tJ  d  x' 

8  x' 
and,  multiplvmg  by  -^ — ,  we  get 
6  X 

V8'^x'         .  /d  x'x'*  .1  S  X'  S  z 

■  [T7+-'{Ti)  +'-"\ii.--'-'r. <•'' 

which  is  one  of  the  differential  equations  between  the  unknowns,  x' 
and  z. 

The  practical  incompressibility  of  the  water  furnishes  the  other 
equation. 

n  being  the  area  of  the  wetted  cross-section  at  AB,  let  /ig  be  the 
area  of  this  same  section  at  the  initial  instant.  The  volume  of  water 
included  between  this  and  an  infinitely  near  section,  having  an 
abscissa,  x  4-  d  x,  is  .^o  ^^^-     ^"^^  ^^^^  instant,  t,  the  abscissas  of  the  two 

5  x' 

sections  are  x'  and  x'  -\ d  x,   respectively.      The   volume   included 

S  X 

S  x' 

between  them  equals  £1 d  z.  which  must  be  equal  to  fL^  d  x,  or 

8  X 

8  x' 

•fi-T.,  =  A, (.11) 

O  X 

which  is  termed  the  equation  of  continuity. 

3. — Application  of  the  General  Differential  Equations  to  a  Canal 
of  Uniform  Rectangular  Cross-Section. — Let  v^,  be  the  absolute  value 
of  the  velocity  in  the  canal  for  uniform  motion,  determined  by  the 
bottom  slope  and  friction  only.     Then,  for  this  condition, 

x'  =  X  —  v^t,  and  z  =  y (fa)* 

For  the  non-permanent  oscillating  motion, 

x'  =  X  —  v^t  -[-  $,  and  z  :=  y  -{-  h (o) 

where  ^  and  h  represent  the  deviations  of  x'  and  z  from  the  conditions 
of  uniform  motion,  and  therefore  are  assumed  to  be  comparatively 
small. 

•  The  origin  of  the  abscissas  can  always  be  selected  in  such  a  way,  that  I'o  shall 
be  negative. 
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Assume,  further,  that  for  the  raug-e  of  velocities  here  considered 
the  power  of  the  velocity,  to  which  the  friction  is  proportiohal,  is  equal 
to  unity;  then  Equation  (/)  can  be  written 

/d'^  x'  .  8  x'  ^  \   S  x'  8  z 

{t¥  +  -'TT  +  "')j^--'J-. (''> 

which,  for  permanent  uniform  flow,  reduces  to 

—  fi'o  +  9T=0 (0 

and   substituting   the   value   of   g   I   from   Equation    (?)    in    Equation 
(h),  we  get 

rS^  x'         .   /  8  x'\  -I   8  x'  8  z 

LT7^  +  -^  ("«  +  yT)J  7^  =  -^^ ^^^ 

Now,  considering  ^  and  /(  as  variables,  as  defined  by  Equation  (g)- 

8  h 

6'  a  .  5  i  8~x 

— :,   -T    f    -^  =  —  a  (k) 

8  t^         •'    8  t  8  ^  ^   ^ 

1  H 

8  X 

The   cross-section   being   rectangular   and   uniform,   O,,   =   &o   y,   and 
ii  =  6q  z,  &P,  the  width,  being  constant. 
Therefore,  from  Equation  (//), 

_z_ 1_  ^ 

8x 
and  again   taking  ^   and  /;   as   the  variables,   as  defined  by  Equation 
(gr),  we  get  ^ 

z  ^  r  +  h  =  — -^ {m) 

5  x' 
Now  Equation  {h),  with  resi^ect  to  this  last  equation,  can  be  written 

8-'  c 
5'  S  8  g  8  x^ 

0  +  Vx) 

St     ^ 

and,  neglecting  the  powers  of  — ,  as  a  first  approximation,  we   finallv 

8  X 

have 

j«T'+V-'"'J^'=° <'")• 

[    "  =  -''11 ^"'^' 

*  See  also  Harris,  "Manual  of  Tides,"  Part  V,  pp.  294  and  295. 
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It  sliduld  l)o  noted  tliat  thrsi'  ('(luations,  althuu^li  derived  for  a 
canal  of  rectangular  cross-section,  can  l)e  used,  with  the  same  degree 
of  approximation,  for  uniform  canals  of  any  cross-section,  supposing 
that  by  y  the  "reduced  depth"  of  the  canal  is  understood,  that  is,  the 
depth  of  a  rectaniiular  section  having-  the  same  area  and  top  width 
as  the  actual  section.  Substituting  the  value,  H  ^  Xl^  -}-  b^  h,  and  the 
value  of  x'  from  Equation  (g)  in  Equation   (//),  we  get 

Let  Hq  —  b  y,  y  being  the  reduced  depth,  as  explained,  then  y \-  h 

d  X 

-^  0,  whicli  is  identical  with  Equation  (IV). 

It  can  also  be  seen  that  the  displacement  caused  by  the  uniform 
flow  does  not  enter  into  the  equation;  such  flow,  therefore,  if  it 
exists,  can  be  treated  separately  from  the  oscillating  motion. 

4. — General  Integral  of  Equations  (III)  and  (IV). — As  the 
motion  for  which  an  expression  is  desired  is  only  that  which  is  period- 
ical, there  must  be  taken  the  most  general  expression,  depending  on 
the  time,  which  will  satisfy  the  Diiferential  Equation  (III).     Assume 

then 

q  =  P  cos.  6  t  +  Q  sin.  o'  t (1) 

6  being   an    arbitrary  constant,   and    P   and    Q   functions   of    x  to    be 

discovered.     Then 

—  =  —  dP  sin.  6  t  +  6  Q  cos.  6  t 
St 

dl 

S^  ^       cV  P  (P  Q   . 

8  x^        dx^  d  x^ 

Substituting  in  Equation  (HI),  we  find 

—  (J^  P  cos.  6  t  —  6'^  Q  sin.  6  t  —  f  6  P  sin.  d  t  -{-  f  6  Q  cos.  6  t 

d^  P  d^  Q 

—  q  y  -— ^  cos.  6  t  —  q  y  --— s-  sm.  d  t  —  0. 
d  or  '       d  x^ 

This  equation  must  ])e  satisfied  for  all  values  of  t.     Therefore,  for  t  ■■ 
and  d  t  ^^  —.  the  following  equations  must  hold,  respectively 


2  =  —  d^  P  cos.  d  t  —  d^  Q  sin.  d  t 


-d'P  +  fdQ- 

d^  P         -) 

—  d^Q—f  d  P- 

d-  Q 

(io) 
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P  =  .4  e"  •■  and  Q  =  B  e'' "^ (3) 

then,  substituting  in  Equation  (ig)  and  putting  a;  =  0,  the   constants, 
A,  B,  a,  will  satisfy  the  equations 

{(^'^  +  <j  r  "^)  ^1  —  f  6B  =^  0  / 

f  6  A  +  (6-  +  g  r  ^^-)  B  =  0) 

Eliminating  the  ratio,  y^,  between  Equations  (3),  we  get 


(6-  +  fJ  y  a'f  +  f-  6""  =  0. 
which  furnishes  the  characteristic  equation 

—  d"^  ±  f  6  v'  —  1 


ii  y 


from  which 


a  =  2>  +  g  V  —  1 . 
and  J)  and  q  are  defined  by 


2  %>  q  =:^ 


9  y  t 


y  ,^ 


which  give 


^+S] 


■2  (/  ;»/  L  N 


we  also  can  write 


V  2grr  \| 


—  1  + 


1  + 


1     + 


1  + 


/' 


(5) 


(4) 
.(5) 

.(6) 


(7) 


('?) 


AVe  get  two  solutions 

a=p  +  7  V  —  1  and  a  =  —  p-t-g    V'  —  1 (9) 

and  two  others  by  changing  q  to  —  q.    The  first  value  of  a  in  Equation 


fi'  r 


and,  with  respect  to  Equation  (5), 
vlue    of  a   in    Equation  (.9)   gi 

,  and,  consequently,  iJ  =  — AsJ  —  1.     There- 


(,9)  gives  a''  = 

i?    =    ^1     V    —    1.     The     second    value    of  a   in    Equation  (.9)   gives 

_  (j2  _  y  (J  V^^ 
a"  =    — 

<iy 
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foil',  witlittiit  ii'i,^ird  to  till'  coiLstant,  .1,  the   lirst  value  of  a  in  E(|ualion 
{!))    <rives 

P  ^  e  ^^'  ^«  ^'~^^-'  and  Q  =  sf^^l  e  (p  +  'i^'  -U-o 
wliioh  c:iii  also  be  written 


P  =^  e''-^'  (cos.  q  X  -\-  \/  —  1  sin.  q  x) 
Q  ^  eP'^  ( —  sin.  q  x  -^  \^  —  1  cos.  q  x) 
and  from  these  the  two  solutions  will  be 

P  =  c^-^  cos.  qx  Q  =^  —  ^""^  sin.  q  x 

P  =  gP-f  sin.  qx  Q  =  e"'^'  cos.  q  x 

The  second  value  of  a  in  Equation  (9)  gives 


P  =  e  -P^  (cos.  qx  -\-  V  —  1  sin.  q  x) 
Q  —.p-px  (gjjj^  ^^ — -y/  —  1  cos.  qx) 

and  the  two  solutions 

P  ^^  e~P^  COS.  q  X  Q  =  e-P-"  sin.  q  x 

P  =  e-P^  sm.  qx  (/ =  —  e-^-^cos.  gx 

Adding  these  four  solutions,  multiplied  by  constants,  the  general  solu 
tion  of  the  factors,  P  and  Q,  of  Equation  (i)  is  obtained. 

P  =  e'"'(Ccoi<.  qx-\-  D  ^iu.  qx)  +  e'^'  (C"  cos.  qx-\-D'  sin.  qx) 


..{10) 
(^  =  e^'( —  Csin.  qx-\-lJ  cos.  qx)  -\-  e~^*  (C  sin.gcc  —  i*'  cos.</a;) 

The  value  of  a,  obtained  by  changing  g  to  —  q,  would  give  the  same 
result. 

Substituting  these  values  of  P  and  Q  in  Equation  (1),  the  expres- 
sion for  the  horizontal  displacement  will  read 

I  =  e^^  [C  cos.  (6  t  -{-  q  x)  -f  I)  sin.  (a  t  -\-  q  x)] 

_l_  g  -px  ^(j,  (,Qg_  (6  t  —  q  X)  —  U'  sin.  {d  t  —  qx)]..  (11) 

To  every  expression  found  for  ^  another  corresponds  for  the  height, 
/(,  and,  by  Equation  (IV), 

h  :^  —  y  e"'' 1{C iJ  +  1)  q)  COS.  (d  t  +  q  X)  +  (JJ2)  —  Cq)sm.  (at+qx)] 
+  re-'"'l(C'p  —  iyq)cos.(dt  —  qx)-i'{lJ'p  +  C'q)sm.{at—qx)]..(12) 

The  numerical  values  of  the  constants  depend  on  the  particular  con- 
ditions of  the  problem. 

0. — Determination   of   the   Constants   in   a   Canal    Without  Proper 
Tide,  Communicatinr;  at   One  End  with  a  Tideless  Lake  and  at  the 
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Other  End  witli  a  Tidal  /S'f'a.— Instead  of  the  constants,  C,  D,  C,  D' , 
of  Equations  {11)  and  {12),  let  there  be  introduced  four  new  con- 
stants, A,  B,  A',  B' ,  being  related  to  the  former  as  follows: 


C  p  +  D  q  = 


A 


B 


Cq  +  D2)  =  

r 


C'v 
C'q 


D'  q  =^  

r 

D'  2)  =  — 

r 


and,  therefore, 
C 


C  = 


p  A  —  q  B 

TW+¥) 

p  A'  +  q  B' 


D' 


^  ^   qA^-pB■^^ 
—  qA'  +p  B'   < 


r  if  +  q') 


y.-m) 


Consequently,  Equations  {11)  and  {12)  will  become 

-e^-^  [(p  A  —  qB)  cos.  {6  t  ^  q  x)  -[- {q  A  +  p  By 
sin.   {6  t   +  q  0.-)]+  e-^"  [{p  A'  +  qB') 
rO>''^  +  f/)1  COS.     {d    t    —    q    X)    +    {q   A'    —  p   B') 

sin.  {6  t  —  q  a;)] 
]i  =  e^^    [—  A  COS.  {6  1  +  q  X)  —  B  sin.  {d  t  +  q  a-)] 

+  6-^''  [A'  COS.  (d  t  —q  X)  —  B'  sin.  (d  t  —  q  x)] {15) 

Let  the  origin  of  the  abscissas,  x,  be  at  the  lake  end  of  the  canal. 
Then  we  must  have 

Fora;=  0,  h  =  0.  ; (o) 

For  x  =  L,  h  =  /;,,  sin.  d  t (r) 

where  L  =  the  length  of  the  canal,  /(^  the  given  half  amplitude  of 

the  sinoidal  tide,  and  d  =  ——,  if  T  is  the  interval  between  consecutive 

T  ' 

T 

high  tides.     The  origin  of   times  is  taken  at  —  preceding  high  water 

at  the  sea  end. 

To    determine   the   constants,    it    is   known    from   the   condition    in 
Equation  (o)  that 

A'  —  A  =  0  and  B'  -^  B  =  0, 
and  from  the  condition  in  Equation  (?■)  that 

e^^  {—A   COS.   q   L  —■  B  sin.   q  L)  +  e  ~^'^  {A'  cos.  q  L 

+  B'  sin.  q  L)  =  0. 

eV^   {A    sin.     q     L     —    B    cos.    q    L)     +    e  ~  ^'  ^    {A'    sin.    q    L 

—  B'  COS.  q  L)  =  /ly. 


l'a|iiTs.l 


•rill':  <.\i'i';  con  caxai. 


11  II 


t  tlii'iv  be  put,  for  ccnivenience, 


J  =  2 


,2pL 


+  e- 


2p  L 


COS.  2  q  L\ (lU) 


tlu'U 


.1  =  ^1'  =  -^  (e"  '^  +   e-P  ^)  sin.  v  L 


B  =  —  B' 


ii   (eP^_e-P^)  COS.  q  L 


(17) 


and.  substitiitiiifr  tlicse  values  in  Equations  (l.'i)  and  (15), 


,«  (L  +  x) 


P 


+  e 


p  (i  —  .r) 


r  ^  (i^'  +  5') 


/i 


/i„ 


sin.  [(J  i  —  7  (L   —  x)] 
sin.  [(J  ;  +  f/  ( Z/  -I-  cc)] 
_gP(/.  +  x)  sin.   [(J  <  —  7  (L  +  X)]  j 
^  _l_  e~P^^-^^  Hin.  [6  t  +  q  (L  —  x)]  J 

,e;M/,  +  .r)    pyg_    ^(i    t    —    q     (L    —   X)] 
I  _g-p  (L-a:)  ^.Qg_  [(J  <  +  r;  (/.  +  .r)] 
+  q    I  +  e^  (i  +  -r)  COS.  [(;  «  —  7    (L   +  X)-]   j 

eP'-^+^)   sin.    [d   (  —  f/   (Z  —    a-)]l 


r   (^-^) 


_  g   -i;  (L  -  :r»  j^jjj_    [(J  (  4-  ,y  (^L  +  X)] 

_  gP  ( L  -  J-)  ^j,j_  ^(^  t  —  q  (L  +  a:)] 
+  e-''(^-  +  -^^  sin.  [(J  t  +  7(L—  x)] 
The  current  will  have  the  expression 
f 


{19) 


6(  ;K^(i>''-t-7') 


i> 


+    7^ 


.(SO) 


f  _  eP(-C'  +  ^)  COS.  [6   t  —  q  (L   —  3-)]  1 

I  +  e~P'^~^^cos.  [o';+   q  (L -{-:.■)] 

_gP  (L  +  x,  pQg_    [-(J    ^  _  ,^   (/^  _^  _j.)-j    I 
[   _^  g-p  (L  -  a:.  ^^,^_  [(;  «  +  ry  (L  —  x)}  \ 

r  _  e?>  (^  +  ^)  sin.  [cj  «  —  7  (L  -  .r)]  ] 
+  e"^'  (-C'-.r)  sin.  [6t  +  q  (L  +  .r)] 
—  e''<^  +  -'^  sin.  [d  <  —  7  (7.  -f  a:)] 

l^  +  e-P'i'-^)sin.[d  /4-7(L_x)]  J    j 

These  equations  show  that  the  motion  in  the  canal  consists  of  the 
superposition  of  four  waves,   two   of  which  are  propagated  from   the 


sea  toward    tlie  lake,  liavinir  a  s])eed  of —      ,   and   two  in    the    opi)osite 
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direction,   with  a   speed    of   -| .     The  absolute  value  of  these  speeds, 

'1 
according  to  Equation  (5)  is 


- .'/  r 


=  V  i  + 


sj 


1     + 


P 


(21) 


'I  >/         •     \  6" 

which,  if  friction  is  not  considered,  reduces  to  the  well-known  value 

of    —     =   \/   y  y. 
'I 

'lit 
The  four  waves,  which  all  have  the  same  period,  —  =  T.  as    the 

tidal  sea,  can  be  united  into  one,  the  height  of  which,  ]i,  is  given  by 

the  equation: 

h  =  P  cos.  6t-\-  Q  sin.  6t {22) 

P 
or,  putting   —    =  tan.  Z,  there  can  also  be  written 


In  this  equation 


h  =  \^  F^  +  Q-  sin.  {6t  +  Z) {23) 


P  = 


Ji 


e  sin.  q  {L  —  x) 

e     ^  sin.  q  (L  +  X) 


+  e'  '  sin.    q    (L 


X) 


+  e     '  "■    ^      sin.  q  {L  —  x)     J 

r     P  [L  -\-  X)  ,  T 

e  COS.  q  {L  —  X) 


Q=h<~'' 


■P  (L-x) 


COS.    q   (i  +  cc) 


{U) 


e^  COS.    q    (L    +   x) 

,  —P     {L    +   X)  .   y  . 

V  -)-  e  COS.  q  (L  —  x) 

If  we  substitute  the  hyperbolic  functions, 

X  -—  X  X        ,  —  X 

e      —  e  e     +  e  ,  sm.,,    x     , 

sm.^  x  = ,  COS.,    X  = ,  tan.,,  x  — — ,  then 

^  2  '         "  cos.,^  X 

P^lJ^  \  ^•'*"^-"   ^^  ^-^  ~  ^)   ®"^-   1   (L   +   ^') 
^    \        —  sin./,  p  (i  +  x)  sin.  ry  (X— X)] 


n  ^  zAm  t~  cos.,^  |j  (L  —  X)  COS.  q  (L  +  x) 
■    ^    (        +  COS.,  2^  (L  +  X)  COS.  q{L  —  X)]  \  J 


(25) 


The   condition   for   the   occurrence   of   maximum   elevation   at   the 
section,  x,  is  evidently  that  sin.  (a  t  -{-  Z)  ^  1;  ior  this  case 


.    COS., J  2  p  X  —  COS.  2  q  X 

'max.    =    'o  Vcos.,,  2  p    L    —  COS.  2   qL 


{26) 
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I  = 


2  6 


A  _  Z  _  A  r 

6  4  -In      ' 
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{27) 


or.  ill  otlier  W(inli<,  lii^li  water  at  the  section,  x.  will  occur  — 
than  at  the   sea. 


T  later 


The  value  of  Z  =  --— ,with  respect  to  Equations  {JO),  (2.^).  and  (25), 
Q 
wliieh  also  furnished  Equation  (S6),  will  be  found  from 

—  tan.  n  L  tan...  p  x  +  tan.,,  p  L  tan.  n  x 

tan.  Z  = "-^ ^^^^ "^ ^- (28) 

tan., I  p  L  tan., J  2^  ^  +  ta'i.  7  L  tan.  q  x 

The  expression  of  the  current  velocit}'  also  can  be  written  in  the  form 

=  31  COS.  d  t  ^X  sin.  d  t  =  \^ 3P  +  N'^  sin.  (d  t  +  F). . .  (29) 

3f 


S  I 


8t 

where  tan.  1 


.\ 


■.  and  M  and  N  are  jiiven  as  follow^s  : 


M  = 


■2  h.  6 


j  +  sin.,^  j;^   (i  —  a;)  cos.  q   (L   +   x)]   ! 

r  J  (i/-+  ry-)    1    +  r^  [    _  COS.,^  }>  (L  +  -f)  sin.  q  (L  —  X)    ( 

L—  <'OS-;,  P  (-^  —  ^0  si»-  'I  (L  +  a-)]  J 


fp   [fos.,^  i)   (L  +  a;)    sin.  q   (L  —  x)^ 

^^  _        2h^   d       J  +  cos.,^  J)  (i  —  X)  sin.  7   (L  +  a;)]  [ 

~;k  J(jy'4-7'')  I  +  7  [sin.,,  2^  (L  +  x)  cos.   7  (L  —  x)  [ 

|^+sin.„  p  (L  —  a;)    cos.  7  (i   +  a;)]  j 


^ 


.(30) 


The  value  of  the  maximum  current  will  be  =  V  J/-  +  X\  and  will 
occur  when  sin.  (cJ  <  -I-  1')  =  1 .  or  (J  t  +   I    =  "^r' 

(5i) 


and 


4         27r 


6. — General  Remarls. — The  theory  evolved  in  the  preceding  para- 
graphs and  the  equations  presented  give  a  comparatively  easy  and, 
for  all  practical  purposes,  correct  solution  of  the  problem  of  tidal 
phenomena  in  canals,  if  the  basic  assumptions  are  approximated  in 
practice. 

The  tidal  variations  at  the  end  of  the  canal  can  generally  be  repre- 
sented very  closely  by  an  equation  having  the  following  form : 

h  =  /i„  sin.  d  t  +  h^  sin.  d'  V  + (S2) 
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The  equations  in  this  paper  furnish  the  solution  for  each  memher 
of  the  right-hand  side  of  Equation  (S2),  and  these  results,  added 
together  by  the  principle  of  superposition  of  waves,  will  solve  the 
problem.  If  both  ends  of  the  canal  are  subjected  to  tidal  influences, 
they  should  be  treated  separately  and  the  results  added. 

If  there  is  a  difference  between  the  mean  elevations  of  the  two 
seas,  the  influence  of  a  imiform  motion  resulting  from  this  cir- 
cumstance should  be  added  to  the  results  obtained  for  the  oscillating 
motion.  If  a„  =  the  elevation  of  mean  sea  level  at  one  end  of  the 
canal,  and  &,,  =  that  at  the  other  end,  then  at  any  point  of  the 
canal,   characterized   by   the   abscissa,   x,  the   elevation   of   the   water, 

o  =  Oq  —    '^  ^ — -  X,  and  the  value  of  the  uni'orm  velocity  can  be  expressed 


L 


g  I      ^         7-       «o  —  ^>^ 


approximately  by  the  equation,  v  =  "—7-,  where  I  =         .   or    by    any 

./  -^ 

equation  derived  for  uniform  flow  in  canals.  If  the  canal  is  not  very 
long,  and  the  difference  in  mean  sea  levels  is  considerable,  the  equations 
for  non-uniform  but  permanent  flow  should  be  applied.  Later,  in 
this  paper,  these  equations  will  be  dealt  with  in  some  detail. 

In  deriving  the  equations  the  assumption  was  made  that  the 
friction,  F,  is  proportional  to  the  first  power  of  the  velocity  of  the 
flow.  Strictly  speaking,  therefore,  they  can  be  applied  with  precision 
only  on  canals  of  great  length  subjected  to  small  differences  in  head, 
that  is,  in  which  the  velocities  are  small  enough  to  make  the  condition 
prevail.  The  integration  of  the  Differential  Equation  (/)  in  cases 
where  the  power,  n,  of  the  velocity  to  which  the  frictional  resistance 
is  proportional  differs  from  unity  still  awaits  analytical  solution. 

To  the  writer's  knowledge,  no  attempt  has  been  made  as  yet  to 
compensate  for  this  deficiency  and  to  amend  the  equations  in  such 
a  way  that  they  could  be  used  for  canals  of  the  class  of  the  Cape 
Cod  Canal,  in  which  the  velocity  is  such  that  F  is  proportional  to 
about  the  square  of  the  velocity.  This  is  probably  due  to  the  fact 
that  no  actual  case  has  arisen,  up  to  the  present  time,  where  any 
proposed  theory  could  be  substantiated  by  the  results  of  careful  meas- 
urements, and  that  for  all  tidal  canals  in  existence,  approximate 
calculations  by  equations  based  on  Bernoulli's  theorem  give  velocities 
sufficiently  close  for  ])ractical  purposes. 

In  an  entirely  different  field  of  hydrodynamics,  however,  it  was 
imperative  to  evaluate  the  influence  of  the  frictional  resistances,  when 
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in-oiicrtional  to  tlio  s(|u;nv  of  tlu"  velocity,  on  the  oscilliitiuf::  motion 
of  tlnids.  With  tlu>  advent  of  loni;-  pijic  lines  supplying-  hydraulic 
l)ou('r  jilants.  means  had  to  he  found  for  the  proper  regulation  of 
rhe  wlu'els  and  for  the  protection  of  the  conduits.  The  surge-tank 
regulator  was  devised  for  this  purpose,  and  its  correct  design  neces- 
sitated the  jiredietion  of  the  magnitude  of  the  rise  and  fall  of  the 
water   in   it  for  the  assumed  operating  conditions. 

Within  the  last  8  or  10  years  a  number  of  books  and  ])apers  have 
been  published  on  this  subject,  mostly  from  the  pens  of  American  and 
Swiss  engineers  and  scientists.*  It  can  he  stated  that  the  problem 
of  the  surge  tank  is,  to  an  extent,  the  inverse  of  the  problem  of  the 
current  in  a  tidal  canal.  In  the  former,  from  known  ultimate  velocity 
flianges  in  tlu>  conduit,  the  oscillating  motion  induced  within  the 
reservoir  at  the  end  of  the  pipe  is  sought;  and  in  the  latter,  the 
velocity  changes  in  the  canal  due  to  the  known  harmonic  changes  of 
the  head  at  the  end  are  investigated. 

The  differential  equation  characterizing  the  motions  of  the 
water  in  the  surge  tank  is,  as  could  be  inferred  from  the  foregoing 
considerations,  similar  to  Equation  (/)  in  this  paper,  and  the 
investigators  of  the  surges  were  confronted  by  the  same  difficulty, 
namely,  the  impossibility  of  the  analytical  integration  of  the  term, 
/  V-  ds.  The  evaluation  of  this  integral,  however,  was  absolutely 
necessary,  in  view  of  the  more  and  more  frequent  application  of  the 
surge-tank  regulator,  and  the  question  was  attacked  in  both  a  theo- 
retical and  practical  way.  I.  P.  Church,  Assoc.  Am.  Soc.  C.  -E.,  in 
discussing  Mr.  Johnson'sf  and  ]\Ir.  Warren's:}:  papers,  has  shown 
that  this  expression  can  be  integrated  graphically  and  results  derived 
with  a  great  degree  of  accuracy.  Other  writers,  as  Dr.  Prasil  and 
Robert  Dubs,§  have  shown  that  the  tedious  graphical  method  can  be 
avoided  and  excellent  results  obtained  by  using  an  average  value  of 

*  "Wasserschloss  Probleme,"  by  Professor  F.  Prasil,  Schweizerische  Bauzeitung, 
Vol.  LII.  Xo.  21  and  following. 

"Allgemcine  Theorie  iiber  die  veranderliche  Bewegung  des  Wassers  in  Leitungen." 
by  Kobert  Dubs  and  V.  Bataillard,  Berlin,  1909. 

"The  Surge  Tank  in  Water  Power  Planib,"  by  R.  D.  Johnson,  Transactions,  Am. 
Soc.  Mech.  Engrs..  Vol.  30,  1908. 

"The  Differential  Surge  Tank,"  by  R.  D.  Johnson,  Transactions,  Am.  Soc.  C.  E., 
Vol.   LXXVIII.   1915. 

"Penstock  and  Surge-Tank  Problems,"  by  Minton  M.  "Warren,  Transactions, 
Am.  Soc.  C.  E.,  Vol.  LXXIX.  1915. 

t  Transactions,  Am.   Soc.  Mech.  Engrs..  Vol.  30,  p.  488  and  following. 

t  Transactions,   Am.   Soc.   C.   E.,   Vol.   LXXIX,   p.   273   and   following. 

§  "Allgemeine  Theorie,"  etc.,  II  Tell  :  Stollen  und  Wasser.schlos.s,  pp.  219-221. 
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the  velocity,  sucli  that  the  frictioiial  force,  as  a  linear  function  of  the 
same,  will  absorb  the  same  total  energy  in  the  interval  during  which 
the  velocity  of  the  conduit  changes  from  zero  to  maximum,  as  the 
total  energy  absorbed  by  the  frictional  force  in  the  same  interval, 
regarding  F  as  proportional  to  the  square  of  the  velocity  at  any  instant. 
This  simplified  method  is  endorsed  by  Mr.  Johnson,*  and  a  great 
number  of  experiments  have  proved  the  reliability  of  its  use. 

On  the  strength  of  the  foregoing  argument,  the  writer  proposes 
the  following  modification  of  Equations  (c)  and  (///)  and  those 
deduced  therefrom. 

In  the  case  of  variable  motion,  Avhere  the  velocity  ranges  from  zero 
to  a  considerable  value,  as  in  the  Cape  Cod  Canal,  for  the  value  of 
/q,  as  given  in  textbooks  on  hydraulics  for  different  consistency  of 
the  wetted  perimeter,  a  different  value,  f^',  should  be  substituted,  so 
that  the  equation 

F  =    /■  '  r  (c  ^ 

average  •'  0       mean v-i/ 

will  be  satisfied. 

For  streams  of  the  description  of  the  Cape  Cod  Canal,  n  =  2  in 

the  equation,  F  =  f^  -y".     Now,  F  =  f^v^  can  be  represented  by  the 

ordinates  of  a  parabola,  the  average  ordinate  of  which  is  75%  of  the 

maximum.     Due  to  the  fact  disclosed  by  more  recent  investigations 

that  /q  itself  is  not  a  constant  quantity  but  varies  slightly  inversely 

with  the  velocity,  it  is  proposed  to  use  the  value,  F^^^^.^^^^,  =  0.7  F^^^^^_, 

0.7  F 

and  therefore  f.!  = ''^^^^,  0.5  r,„„^   being  the   mean  velocity.     The 

0.5  r 

'-'•'-'    "^  max  ■ 

value  of  '',„„3..,  to  be  used  in  such  cases,  can  be  established  by  any  of  the 
approximate  methods  to  be  described  later.  For  maximum  velocities 
less  than  1.5  ft.,  the  original  assumption  can  be  considered  as  correct, 
and  the  use  of  /f,  as  given  for  1  ft.  velocity  is  recommended,  it  being 
a  well-known  fact  that  at  such  low  velocities  the  friction  is  actually 
proportional  to  the  velocity. 

If  the  maximum  velocity  computed  by  the  submitted  equations 
would  considerably  differ  from  the  velocity  given  by  the  approximate 
methods,  the  value  of  f^'  should  be  corrected  for  the  former,  and  the 
whole  calculation  refigured  with  this  new  value  of  f^'.  This  process 
may  be  repeated  until  a  satisfactory  agreement  between  the  figured 
^.  and  that  of  /q'  is  reached. 

•  Transactions,  Am.  Soc.    Mech.   Engrs.,   Vol.  30,   p.   455. 


/o'  =     •  =  0.014,  and    _"     =    0.00022, 
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.Mr.  Levy,  in  applying:  tlie  oquatidns  to  the  Suez  Canal,  used  a 
coefficient,  ^  =  0.0005,  and  found  that  the  computed  are  far  below 

tlie  actual  velocities,  and  therefore  suggested  the  use  of  equations 
based  on  the  extension  of  Equation  (///)  to  a  second  approxiination. 
Judging  from  the  close  check  of  the  computed  and  observed  velocities 
of  the  Cape  Cod  Canal,  the  equations  herein  presented  give  reliable 
results  for  all  practical  purposes,  if  the  value  of  /,/  is  taken  in  accord- 
ance with  the  ijrevious  reasoning.  In  the  case  of  the  Suez  Canal,  for 
the  conditions  considered  by  Mr.  L4vy,  the  approximate  methods  fur- 
nish a  f'„,„j,.  of  about  2.5  ft.  For  the  consistency  of  the  Suez  Canal  bed, 
/^,  can  be  taken  as  0.004.    Then 

»-'X""°^X-^-°'=0.014.aodA' 
1 .  25  ?/ 

which  value  gives  velocities  very  close  to  the  observed  results  in  the 

Suez  Canal. 

Dr.  Eollin  A.  Harris*  gives  the  following  values  of  /,j  for  different 

consistencies  of  the  wetted  perimeter: 

Fine  sand   0.00405  ■)   ^,  .  ,,    i    , 

(    ihese  values  are  called  the 

Coarse   sand    0.00488   V^      ^      .     ,.     .       ,       , 

_       (   Ji,ytelwein  irictional  values. 
Beds  of  streams 0.0075G  j 

7. — Application  of  the  Theory  to  the  Cape  Cod  Canal. — In  order 
to  test  the  validity  of  the  equations  supposed  to  furnish  the  values 
for  the  elevation  of  the  water  and  velocity  at  any  section  and  time, 
the  equations  must  be  applied  to  a  stretch  of  uniform  or  nearly  uniform 
cross-section.  Such  a  stretch,  according  to  the  general  plan.  Fig.  2, 
extends  from  about  Station  74  to  Station  382.  The  nearest  points, 
where  observations  were  taken  on  August  26th,  1915,  are  Station  80 
and  Station  375,  which  wo  will  consider  as  the  ends  of  the  canal 
having  a  uniform  bottom  width  of  100  ft.,  so  that  we  will  make  the 
length  of  the  canal  L  =  29  500  ft. 

The  mareographs  of  these  stations,  taken  from  the  observations, 
are  shown  on  Fig.  32,  together  with  the  sine  curves  having  the  same 
periods  and  amplitudes,  and  which  are  considered  in  the  computations 
as  being  the  tidal  variations  affecting  the  canal.  It  will  be  noted 
that  the  sine  curve  for  Station  80,  drawn  with  mean  sea  level  at 
Elevation  100,  is  very  close  to  the  actual  curve  for  the  whole  range 

*  "Manual  of  Tide.s,"  Part  V.,  p.  249. 
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of  the  observation;  but,  at  Station  375,  though  Elevation  100  divides 
the  period  into  two  almost  equal  portions,  the  second  part  of  the 
cycle  has  a  very  much  smaller  ami)litude  than  the  first.  This  is  typical 
for  the  westerly  end,  for  reasons  previously  explained. 


Fig.   32. 

The  bottom  of  the  canal  is  at  Elevation  70.35  at  Station  80  and 
at  Elevation  72.35  at  Station  375,  having  a  practically  uniform  slope. 
The  reduced  depths  of  the  two  end  sections  differ  only  by  about  3% 
from  the  reduced  depth  based  on  a  mean  section  having  the  bottom 
at  Elevation  71.35,  and  therefore  it  may  be  considered  justifiable  to 
use  this  mean  section  (see  Fig.  33*)  as  applying  to  the  whole  canal, 
instead  of  going  into  the  exceedingly  more  complicated  question  of 
*  Fig.  33  is  not  drawn  to  scale. 
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^;()lviii.u-  tilt'  lidiil  tiiotiiiiis  ill  ;i  cniial  of  varinhlc  (lc])tli.  It  is  evident 
tlmt,  with  the  degree  of  iipprnxiiiiatidn  iicrinittcHl  throughout  in  the 
derivation  of  the  equations,  tliis  substitution  is  permissible. 

It  is  also  assumed  that  the  direct  effect  of  the  moon  and  sun  on 
the  water  in  the  eanal   is  iK'i;lij:'ible. 

The  bed  of  the  canal  consists  of  coarse  gravel  and  boulders,  and 
the  broken-stone  slope  protection  tends  to  make  the  wetted  perimeter 
still  rouj-her.  Considerable  energy 
is  expended  by  the  water  in  scour- 
ing the  bottom  and  transporting 
the  material.  In  other  words,  the 
canal  comes  under  the  same  j;roup 
as  ordinary  streams,  and  the  selec- 
tion of  the  corresponding  coeffi-  ^^°'  ^^' 
cient  /o  =  0.00756,  seems  to  be  justified.  The  same  coefficient  was 
adopted  by  the  officers  of  the  United  States  Coast  and  Geodetic  Survey 
when  asked  to  predetermine  the  velocities  in  the  Cape  Cod  Canal.  In 
approximate  calculations,  referred  to  later,  it  has  been  found  that,  for 
conditions  prevailing  at  the  time  of  the  observations  on  August  20th, 
1915,  the  maximum  velocity  in  the  canal  is  not  expected  to  exceed 
5  ft.  per  sec.     Therefore, 

^max-  =  /o  ^"''  =  0.00750  X  52  =  0.1s;)  lb.  per  s(j.  ft. 


/o' 


0.7  i^„ 


0.5  I- , 


0.7  X  O.lSi) 

, =  0.528  lb.  per  cu.  ft. 


In  the  following  will  be  presented  the  numerical  calculations  for 
establishing  the  velocities  at  Stations  80,  227  -f-  50,  and  375,  and  the 
water  elevations  at  Station  227  -j-  50,  on  the  basis  of  the  tidal  obser- 
vations of  August  26th,  1915.  These  calculations  are  divided  into 
four  parts.  Under  (.4)  the  determinations  of  the  constant  quantities 
entering  into  the  computations  are  given;  under  (B)  and  (C)  the 
influences  of  the  tides  at  the  two  ends  are  treated  separately;  under 
{D)  the  superposition  of  the  water  elevations  and  current  velocities,  as 
found  under  (B)  and  (C),  is  showua  graphically. 
{A). — Determination  of  Constant  Qvantities.^ 

g  =  acceleration  of  gravity 32.2  ft. 

7r  =  weight  of  1  cu.  ft.  of  sea  water 64.0  lb. 


2'  =  wetted  perimeter  of  undisturbed 


ft. 


Q  =  area  of  undisturbed  cros^-section 4  510.0  sq.  ft. 
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R  =  hydraulic  radius 19.8  ft. 

y  =  reduced   depth 21.0  ft. 

L  =  length  of  canal 29  500.0  ft. 

T  =  interval  between  consecutive  high  tides : 

Station     80 12  hr.  54  min. 

Station  375 12  hr.  24  min. 

2    7t 

6  —  -—  =  0.00014  radian  per  second; 

/    =  0.00756,  /;  =  0.0528,'-^  =  0.000825; 

f  =  r/  X^  X  -^  =  0.00134; 
?/  Jti 

^=  9.57,  H  =  91.  P); 
6  (J- 

p  =  —   |—  1  +  V 1  +  91 . 6  =  0.0000111; 

q  =  —^=_     ll  +  V  1  +  91.6  =  0.0000124;     • 

V2;/r  \| 

V/J^  +  q^  =  0.0000167,  J  =  2  (cos.^,  2  p  i  —  cos.  2  q  L) 
=  0 .  96,  sj  1(j  Y  =  30 .  75 

TABLE  15. 


P 

fc  II 

arc. 

sin. 

COS. 

tan. 

SiD./i 

cos  A 

tan./, 

pL  =  0.338 

g  L  =  0.366 

2p  L  =  0.656 

2q  L  ^  0.733 

18°  50' 
21°  00' 
37=  40' 
42°  00' 

0.323 
0.358 
0.611 
0.669 

0.916 

0.934 
0.793 
0.743 

0.341 
0.3S4 

0.772 
0.900 

0.334 

o.-srs 

0.704 
0.800 

1.054 
1.098 
1.223 
l.-,'80 

0.317 
0..S51 
0.576 
0.634 

fa- II 

p  .r  =  0.164 

q  X  =  0.183 

2p  X  =  0.338 

35  X  =  0.366 

9°  25' 
10"  30' 

18°  50' 
21°  00' 

0.164 
0.183 
0  323 
0.3.58 

0.986 
0.9S3 
0.946 
0.934 

0.166 
0.185 
0,341 

0.384 

0.165 
0.184 

0.:-'3t 

0.375 

1.013 
1.017 
1.0.^4 

1.0G8 

0.163 
0.181 
0.317 

0.351 

Ho 

"  II 

p  (L  + X)  =  0.4ft2 

q  ^L  +  X)  =  0.5-i9 

2p  (L  +  :ri  =  0.984 

2q  iL+  X)  -  1.098 

3R°  15' 
31°  30' 
56°  30' 
63°  00' 

0.473 
0.523 
0.834 
0.891 

0.881 
0.853 
0.552 
0.454 

0.537 
0.613 
1.511 
1.963 

0.512 
0.577 
1.151 
1.332 

1.124 
1.1.55 
1.524 
1.667 

0.456 
0,500 
0.755 
0.800 

(B). — Height  of  Tide,  Current  Velocities,  and  Retardations  in  the 
Canal,  Due  to  Tidal  Variations  at  Station  SO. — 

/'q  =  half  amplitude  =  5.4  ft. 

(a)  At    Station   80 .' .r  =  L  =  29  500   ft. 
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The  clovatioii  of  the  \v;iter  at  miy  time  must  be  the  same  as  the 
mareograph  at  Station  SO,  and  is  given  by  /(  =  /«„  sin.  <j  t,  where  the 

7AM-0  time  is  -     l)el'ore  liiujh  water. 
4 

The  current  velocity: 


(•  =  V  M'-  +  -.Y-    sin.  (d  t   +  Y)  aeeonling   to   E(|uation   (20).   wliere 
from  Equation  (;J0), 

M=   "^ ;-  (—  q  sin.  2  7  L  +  ]>  sin.^,  2  p  L), 

N  =    ^  ^'"  ^     ,   (?)  sin.  2  q  L  +  q  mu.,,  2  p  L) 


2  /«o  6  \ 

v,na.r,  =    \^  M '  -{- N '  =  ^/-^^-^-zj  **•"•'  ^  5  X+  sin./  2p  L 

y  A   V   V  +  7    \    , 


2  X  5.4  X  0.00014 

0;.669^+  0.704- 


21  X  0.96  X  0.0000167 
=  4.. 35  ft.  per  sec. 


M        —  q  sin.  2  q  L -\- p  sin.,^  2p  L      t 
~~    N        p  sin.  2  q  L  -\-  q  sin.,^  2  2>  i 

—  0.0000124  X  O.eOO  +  0.0000111  X  0.704 


=  _  0.0.303 


0.0000111  X  O.OGO  +  0.0000124  X  0.704 

or      r  =  —  1°  45' 

T         1' 
v„iax.  '\vill  occur,  when  t  =  — — ,  and  the  retardation  equals 

4  6 

1°45' 

X  46  440  =  226  sec,  or  about  4  min. 

360° 

The  maximum  velocity,  therefore,  is  retarded   by  4  min.  after  high 

water. 

(h)  At    Station    227+50 .t  =  14  750  ft. 

The  maxinmm  elevation  of  the  water  is  given  by  Equation   (26) 


,_   ^  ,^      lco..,2px-co..2qx  ^  ._^  ^  ^  .  ^  2  ..^  ^^ 
Njcos.,^  2  p  L  —  cos.  2  q  L 
Tlie  time  of  this  maximum  will  be  found  by  Equation  (28), 
—  tan.  qL  tan.,,  p  x  +  tan.,,  p  L  tan.  7  ,c 
tan., J  p  L  tan.,,  p)  x  +  tan.  q  L  tan.  q  x 
—  0..384  X  0.163  +  0.317  X  0.185 


0.317  X  0.1<;3  +  0..384  X  0.1S5 


=  _  0.0322,  and  Z  =  —  1°50'. 


1°  50' 

The  retardation,  therefore,  = X  46  440.  or  about  4  min. 

360° 
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The  current  velocity: 


Again,  v  ^  -^  M'^  +  iY"-^  sin.  (6  t  +  F),  where,  from  Equation  (30), 
denoting 

sin.,,  p  (L  +  .t)  cos.  q  (L  —  x)  by  a  =  0.512  X  0.983  =  0.503 
sin.,,  p  (L  —  x)  cos.  q  (L  -\-  x)  by  h  =  0.165  X  0-853  =  0.141 
COS.,,  p  (L  +  x)  sin.  q  (L  —  x)  hj  c  =  1.124  X  0.182  =  0.205 
cos.,,  p  (L  —  x)  sin.  q  (L  +  x)  hy  d  =  1.013  X  0.523  =  0.530 

we  can  write 

2  \  6  . 

2  X  5.4  X  0.00014 


,^  \/0.644'''  +  0.735'  =  4.4  ft.  per  sec. 


21  X  0.90  X  0.0000167 

M       p  (a  +  h)  —  q  (c  -\-  d) 


N       p  (c  +  d)  +  q  {a  -t  b) 
0.0000111  X  0.644  —  0.0000124  X  0.735 


O.OOOOiil  X  0.735  +  0.U000124  X  0.644 
and  Y  ^  —  7°. 

7° 

The  retardation  equals X  46  440  ==  910  sec,  or  about  15  min. 

^         300° 

(c)    At  Station  375 a;  =  0. 

The  elevation  of  the  water  is  given  by  /t  =  0. 
The  current  velocity : 

4  h^  6  

''"'"*■  =  TTTT^^'xTi  -^^^os.^  q  L  sin.^-jj  L  +  sin.-^  q  L  cos.,/p  L 

^      4  X  6.4  X  0  00014      ^ 
21  X  0.96  X  0.0000167 

=  4.31  ft.  per  sec. 

p  cos,  g  L  sin.^p  L  —  q  sin,  q  L  cos.^p  L 

p  sin.  qL  cos.^  j)  L  +  g  cos.  q  L  sin.^^  J9  L 

_  l.OOOOlll  X  0.934  X  0.334  —  0.0000124  X  0.358  X  1.054 

""  0.0000111  X  0.358  X  1.054  +  0.0000124  X  0.934  X  0.334 

r=  —  0.15,  and  Y  =  8°  30'. 

8°  30' 

The  retardation,  therefore,  will  be X  46  440  =  1  100  sec,  or  about 

'  '  360° 

18  min. 
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(C). — Influence  of  the  Tide  at  Station  Slo. — 
/iy=half  iunplitiuU'  for     first     jtart  of  cyflo  =3.05    ft. 
/('„=     "  "  ''    second     "       "       "      =1.525  ft. 

Tt  is  eviflent,  by  inspection  of  flio  equations,  that  the  results  found 
uiuicr  (/>')  for  ri'tardations  will  lie  the  same.  For  the  height  of  water 
and  the  velocities,  the  corresponding  figures  should  be  multiplied  by  the 

:?.0.T  1.52.') 

ratio. .tor  the  lirst  half,  and  l)y fortliesecoud  lialf.ol  the  cycle. 

5.4  ■'5.4 

(a)   At  Station  80 a;  =  0. 

The  elevation  of  the  water  is  given  by  li  =  0. 

The  maxinuun  velocity  will  be 

.••,.05 

4.:U    X  =  2.43  ft.  per  sec.  for  the  first  half 

5.  4 

1.525 

and  4.31  X  —  =  1.22  ft.  per  sec.  for  the  second  half  of  the  cycle. 

5.4 

The  retardation  of  the  maximum  velocity  will  be  18  min. 

(6)   At  Station  227  +  50 a:  =  14  750  ft. 

The  maximum  water  elevation  equals  2.7  )  X =    1.53   ft.   and 

5.4 

1 .  525 

2.((»  X  =  0.77  ft.,  respec.tivelv. 

5.4 

The  retardation  is  4  min. 

3 .  05 

The  maxinuun  velocity  equals  4.4  X  =    2.49   ft.   per  sec.   and 

5.4 

1 .  525 

4.4  X  —  =  1.25  ft.  per  sec,  respectivelv. 

5.4 

The  retardation  is  15  min. 

(c)    At  Station  375 a;  =  i  =  29  500  ft. 

The  elevation  of  the  water  is  given  by  h  =  \  sin.  6  t. 

3 .  05 
The  maximum  velocitv  will  be  4.35  X  — —  =  2.40  ft.  per  sec.  and 

5.4 

1  .  525 

4.."',.)  X  —  =  1  2.3  ft.  per  sec,  respectivelv. 

5.4 

The  retardation  is  4  min. 

(D).—Comhination  of  (B)  and  (C).— Figs.  34,  35,  and  36  show  the 
velocities  at  Stations  80,  227  +  50,  and  375,  and  Fig.  37  shows  the 
water  elevation  at  Station  227  +  50,  all  platted  as  ordinates  to  the 
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times,  which  are  considered  as  the  abscissas  of  the  curves.  The  curves 
in  full  lines  show  the  observed  velocities  reduced  to  mean  velocities ; 
the  curves  in  dotted  lines  show  the  component  velocities  plotted  as  sine 
curves  to  the  computed  maximum  values,  which  have  been  located 
according  to  the  figured  retardations;  and  the  curves  in  lines  of  dashes 
and  dots  the  resulting  velocities,  the  components  having  been  added 
graphically.     The  same  method  has  been  followed  in  preparing  Fig.  37. 


Fig.  35. 

It  should  be  noted  that  no  observations  were  taken  at  Station 
227  +  50,  but  they  were  made  at  Station  225,  only  250  ft.  distant.  The 
latter  have  been  taken  for  the  sake  of  comparison. 

The  cross-section  of  the  canal  at  Station  375  is  actually  very  much 
larger  than  designed,  the  area  below  mean  sea  level  being  5  900  sq.  ft. 
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In  platting  the  results  for  this  station,  therefore,  the  computed  veloci- 

0.705. 


ties  liave  boon  nuiltinliod  bv  the  ratio, 

•  '  o  900 


S. — /i?esr/i/.9.— Inspection  of  Figs.  34,  35,  3G,  and  37  shows  a  re- 
markably close  check  between  computed  and  observed  conditions,  in  so 
far  as  the  water  elevations,  maxinmm  velocity  of  the  current,  and  the 
time  of  maximum  current  and  slack  water  are  concerned.  The  greatest 
deviations  for  maximum  velocities  occur  at  Station  80,  where  they 
amount  to  more  than  10  per  cent.  They  are  somewhat  smaller  at  Sta- 
tion 375,  and  the  results  check  almost  exactly  at  Station  227  +  50. 


VELOCITIES  AT  STA.  375  +  00 


Fig.   37. 

The  discrepancy  at  the  ends  can  be  explained  by  the  fact,  as  dealt  with 
in  detail  in  another  part  of  this  paper,  that,  at  these  stations,  for  out- 
flow a  smaller  and  for  inflow  a  greater  percentage  of  reduction  should 
be  applied  to  the  float  observations,  in  order  to  arrive  at  the  true  mean 
velocity  of  the  cross-section.  If  the  reduction  factors  of  68  and  85%, 
respectively,  which  are  believed  to  be  the  true  values  for  reducing  the 
center  float  velocities  for  the  terminus  sections,  had  been  applied  to 
the  observed  velocities  at  Stations  SO  and  375,  the  differences  of  the 
computed  and  the  reduced  velocities  would  be  negligible  at  these  sta- 
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tions  also.  If,  furthermore,  it  is  considered  that  the  curves  of  observed 
velocities  have  been  derived  from  float  observations,  which  evidently 
are  affected  by  accidental  disturbances,  such  as  the  wind,  the  passing 
of  larger  boats,  and  local  changes  in  the  cross-section,  it  may  be  con- 
cluded that  the  computed  results  are  well  within  10%  of  the  actual 
conditions. 

It  cannot  be  denied  that  the  uncertainty  attached  to  the  selection 
of  the  friction  coefficient  cannot  be  entirely  eliminated,  and  therefore 
one  should  not  expect  as  close  results  as  hydraulic  engineers  are  accus- 
tomed to;  for  instance,  in  the  case  of  masonry  conduits  or  pipes  in 
which  the  motion  of  the  water  is  uniform.  It  would  fairly  seem,  how- 
ever, that  a  theory  which  for  this  exceedingly  complex  problem  fur- 
nished results  within  10%'  of  actual  observations,  should  be  regarded  as 
satisfactory  and  reliable. 

By  a  further  inspection  of  the  velocity  diagrams,  it  will  also  be 
noted  that  there  is  a  marked  difference  in  the  character  of  the  com- 
puted and  observed  curves,  the  latter  being  much  steeper  near  slack 
water  than  the  former.  The  observed  curve  has  been  reduced  from  the 
float  observations  to  mean  velocities  by  applying  the  factor,  0.78,  to  all 
observed  center  float  velocities.  The  difference  in  the  two  curves  would 
tend  to  show  that  this  factor  varies  considerably  with  the  velocity,  and 
should  be  taken  very  much  smaller  at  low  velocities. 

This  proposition,  which,  so  far  as  the  writer  knows,  lacks  authority, 
might  be  worthy  of  independent  investigation  and  experimentation. 

Finally,  it  will  be  seen  that  the  duration  of  the  westerly  current  is 
appreciably  shorter  than  that  of  the  easterly  current,  which  fact  is  due 
directly  to  the  low  velocities  generated  by  the  Buzzards  Bay  tide  during 
the  second  half  of  the  cycle.  It  will  also  be  noted  that  the  computed 
time  of  maximum  velocities  and  the  computed  time  of  slack  water 
check  within  a  few  minutes  with  the  actual  occurrence  of  these  extremes. 

The  equations  submitted  herewith  are  general,  and  their  use  is  not 
restricted  by  any  other  consideration  than  a  canal  of  reasonably  uni- 
form cross-section.  They  can  also  be  used  for  predicting  conditions  in 
canals  of  varying  cross-section,  by  dividing  them  into  reaches,  where 
the  cross-sections  can  be  considered  as  sensibly  uniform,  and  by  deter- 
mining the  constants,  C,  D,  C,  and  D'  in  the  General  Equations  {11) 
and  {12)  from  the  conditions  that  both  ^  and  h  must  be  equal  at  the 
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limits  of  two  consecutive  reaches.  This  calculation,  of  course,  will  be 
viTv  much  more  complicated  than  that  shown  in  this  paper,  but  it  is 
the  only  way  of  getting  reliable  results  in  the  case  where  the  canal  is 
lung  and  the  cross-section  varies  considerably. 

Approximate  Methods. 

For  a  uniform  canal  connecting  tidal  bodies  of  water,  approximate 
formulas  to  predict  velocities  may  be  used,  with  certain  restrictions, 
giving  results  which  for  maximum  conditions  will  not  be  very  far  from 
the  actual  velocities,  aijd,  at  any  rate,  can  be  used  for  the  evaluation 
of  the  friction  coefficient  to  be  used  in  the  exact  formulas. 

9. — Uniform  Flow  Formulas. — The  formulas  used  to  determine  the 
velocity  of  uniform  flow  in  canals  (with  the  exception  of  the  exponential 
formulas,  which  have  been  disregarded  in  this  discussion)  all  have  the 
form  of  the  well-knowTi  Chezy  formula 

v=  C  ^  R  S 

where 

V  denotes  the  uniform  velocity  of  the  flow; 

„  ,,,.,.         ^   ,  .  wetted  area 

11         "  "     hvdraulic  radius  oi  the  section  = : 

wetted  perimeter 

S        "         "     slope  of  the  water  surface  or  canal  bed,  supposed 
to  be  parallel  to  each  other 

difference  in  elevation  at  the  ends 
length  of  canal  ' 

C  is  a  coefficient,  dependent  chiefly  on  the  roughness  of  the  peri- 
meter, also  on  the  slope  and  the  h;^draulic  radius  of  the  cross- 
section. 

The  several  formulas  in  use  differ  only  in  the  different  methods 
"f  establishing  this  coefficient. 

In  order  to  be  able  to  apply  these  formulas  to  a  canal  in  which  tidal 
motion  takes  place,  the  fact  must  be  disregarded  that  the  bottom  for 
most  of  the  time  has  a  slope  different  from  that  of  the  surface,  and 
one  must  consider  the  surface  slope,  assumed  to  be  a  straight  line,  as 
being  =  S.  An.  average  value  of  R  must  be  introduced  into  the 
formulas.  These  assumptions  made,  it  is  evident  that  the  velocity 
becomes  proportional  to  the  square  root  of  the  difference  in  elevations 
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at  the  ends  of  the  canal.  In  Fig.  38,  therefore, ,  are  platted  the  mareo- 
g'raphs  at  Stations  80  and  375  in  such  a  way  that  the  difference  in 
levels  can  be  read  off  for  every  time  point.  Being  interested  in  the 
maximum  value  of  the  velocity,  let  the  following  formulas  be  applied 
to  the  maximum  difference  in  levels,  which  occurred  at  6.45  a.  m., 
and  amounted  to  5.85  ft.  The  hydraulic  radius  of  the  canal  at  this 
time  averages  18.6  ft.,  the  stage  of  the  water  being  very  low. 
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(a). — Bazin's  Formula. — The  great  pioneer  of  hydraulic  researchers, 
Bazin,  has  derived  a  formula,  intended  for  the  calculation  of  flow  in 
open  channels,  in  which  it  is  assumed  that  the  coefficient,  C,  does  not 
vary  sensibly  with  the  slope.    The  formula  (in  foot  units)  reads 

87 


\/es=  c  \/  n  s 


0.552  + 


\f  B 


where  the  values  of  m,  corresponding  to  the  frictional  constants  given 
on  page  1147,  are  0.85,  1.30,  and  1.75,  respectively. 

With  this  last  value  of  m,  C  becomes  equal  to  90.6,  and 


V  =  90.6  J 18. 


^.6  X 


5.85 
•29  500 


5.5  ft.  per  sec. 
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(fe). — Eytelu'i'in's  Formula* — This  is  written  in  a  different  form 
from  the  Chezy  formuUi,  expressing  the  velocity  as  a  function  of  the 
head,  that  is,  the  difference  in  elevations  at  the  ends  of  the  canal. 


2r/ 


-^^ 


V/ij  —  h^ 


\ 

Of  course,  there  is  no  difficulty  in  bringing  this  formula  back  to  the 
form  of  the  Chezy  formula,  in  which  case  it  would  read 


V  =      ^^^.^      ^iTs  =  C  \/R  s 

where  K  is  the  frictional  constant  and  g  is  the  acceleration  of  gravity. 
With  the  value,  A'  =  0.00756,  and  the  other  quantities  substituted, 


^ 


2  X  32.2  / 

V  5.s,5  =  5.38  ft.  per  sec. 


0.00750X29  500 


18.0 

(c). — Kutter-Ganguillet     Formula. — This     formula     assumes     the 
coefficient,  C,  to  vary  with  the  slope  as  well  as  with  the  roughness 
of  the  bed  and  the  hydraulic  radius.     The  e:xpression  for  the  velocity 
in  this  formula  (in  foot  units)  reads, 
1.811    .  0.00281 


41.6  + 


/  0.00281 

1+(41.0  + 


S  

—    \/  R  S  =  C  \^RS. 


V""  ■        S      )  VIT 
The  values  of  n,  corresponding  to  the  frictional  constants,  are  0.02, 
I). 025,  and  0.03,  respectively. 

With  this  last  value  of  n,  C  becomes  equal  to  83,  and 


V  =  83  X   V   18.6  X  J"  ^^  =  5.04  ft.  per  sec. 
>/  29  500 

This  result  was  used  for  evaluating  the  coefficient,  f^',  in  the  harmonic 
-olution  of  the  problem. 

{d). — Bemarl'S. — The  application  of  the  foregoing  formulas  to  the 
Cape  Cod  Canal  and  the  comparison  of  the  results  with  the  observa- 
tions, show  a  reasonable  chock,  in  so  far  as  maximum  velocities  are 
concerned.     This  was  to  be  expected  in  the  case  of  a  comparatively 

•  This  formula  was  used  by  the  officers  of  the  U.  S.  Coast  and  Geodetic  Survey, 
when  asked  by  the  writer  to  predetermine  the  velocities  In  the  Cape  Cod  Canal. 
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short  canal,  where  the  retardation  of  the  wave  due  to  friction  amomits 
only  to  a  few  minutes,  and  therefore  the  maximum  slope  of  the  stream 
is  sensibly  equal  to  the  maximum  difference  in  water  levels  at  the 
ends  divided  by  the  length  of  the  canal.  In  the  case  of  long  canals, 
the  formulas  for  uniform  flow  become  unreliable,  giving  much  lower 
results  than  the  actual.  In  the  case  of  short  canals,  and  considerable 
differences  in  head,  on  the  other  hand,  the  formulas  will  become  inac- 
curate because  the  basic  assumptions  that  the  slope  of  the  water  and 
that  of  the  canal  bed  are  nearly  parallel  will  not  be  true.  It  can  be 
stated,  on  the  basis  of  trial  calculations  not  reproduced  here,  that, 
for  a  canal  similar  to  the  Cape  Cod  Canal  in  cross-section  and  rough- 
ness of  bed,  the  uniform-flow  formulas  will  furnish  too  high  or  too 
low  velocities,  according  as  the  length  is  such  as  to  make  q  L  smaller 
or  greater  than  0.45. 


VELOCITIES  CUMPUTED  BY  DIFFERENT  FORMULAS 
COMPARED   WITH  OBSERVED  VELOCITIES. 
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Fig.  39. 
It  can  also  be  seen  that  this  method  can  only  be  applied  in  cases 
where  there  is  considerable  difl^erence  in  the  amplitude  of  the  tides  at 
the  two  ends  of  the  canal,  or  where  there  is  a  considerable  difference 
in  the  phases  of  the  tides.  With  equal  tides  and  coincident  phases,  these 
formulas  would  furnish  zero  velocities  for  all  sections,  whereas,  actually, 
there  will  be  considerable  motion  at  the  ends  of  a  canal  several  miles 
long,  the  velocities  diminishing  toward  the  middle  of  the  canal.  JB'ig.  39 
shows  the  velocity  in  the  Cape  Cod  Canal  as  computed  by  Kutter's 
formula  for  the  whole  range  of  observations  on  August  26th,  1915, 
as  compared  with  the  results  by  the  modied  Airy-Levy  formulas  and 
the  actual  measurements. 
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(10). — Formula  for  Permanent  Non-Uniform  Flow. — Due  to  the 
fact  that  maximum  velocity  in  the  canal  occurs  near  the  time  when 
the  difference  in  elevations  at  the  ends  of  the  canal  is  a  maximum, 
and  due  also  to  the  fact  that  a  change  from  this  condition  is  at  a 
comparatively  slow  rate,  the  canal  for  maximum  velocity  can  be 
considered  as  one  with  very  nearly  horizontal  bottom,  connecting  two 
seas  of  different  elevations,  discharging  water  from  the  higher  to  the 
lower. 

The  method  of  computation  liereafter  shown  is  given  in  ''Ilandbuch 
der  Ingenieurwissenschaften"  by  Professor  Bubendey  of  Hamburg,  but, 
to  the  writer's  knowledge  has  never  been  published  in  English. 


Fig.  40. 
The  differential  equation  of  non-uniform  flow  in  channels  reads 
d  z 


a  Q^  dF       Q'  X 


g  F'-^  dx    '    F^C' 

where  Q  =  constant  discharge  of  canal ; 
i^  =  area  of  cross-section; 
X  =  wetted  perimeter  of  cross-section; 
f/ ^  acceleration  of  gravity; 

C  =  the  constant  in  Chezy's  formula,  u  =  C  sf  li  IS. 
a  ^  a  constant,  the  value  of  which  is  1.11  according  to 
St.  Venant. 

The  meaning  of  the  other  symbols  is  shown  in  Fig.  40. 

There  will  first  be  derived  the  working  formula  for  a  parabolic  cross- 
section  and  then  be  shown  how  a  trapezoidal  section  can  be  transformed 
into  an  equivalent  parabolic  section.  As  an  allowed  approximation, 
assume  that  the  width  of  the  water  surface,  &  =  X,  the  wetted  peri- 
meter.    Tlu'u 

A'  =  b  =  2  VpI 
v.'here  F  =  the  parameter  of  the  parabola  and  t  =  the  maximum 
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depth   of  the  cross-section.     From   the   "well-known  properties   of   the 
parabola, 

3  9 

F=  J  sf  Pt  t,  and  F^  =        \^_ 

dF  X    X  d  t     1    d  F  21       dt     X  27 

2P-   f 


a  X  d  X   F^   dx  32  Pf^  dx'  F^         32  P  i* 

As  dz  =  —  dt,  according  to  the  figure,  substituting  the  other  values  in 
the  differential  equation,  we  get 

dt    _    27  a  (^     d  t  27  Q^ 

Yx    ~  32  g  Pt*  ~dx   ~  32C2p7 

and  from  this,  separating  the  variables, 

aC\  32  C^P   ,  ^ 

d  x  = d  t ^„  ^„    «*  d  t 

g  27  Q^ 

Integrating  between  the  limits,  x^,  t^,  and  o;^,  i^,  we  get 

_aC''  32  C^P        5  5 

which  equation  is  a  complete  solution  of  the  problem.  With  given 
water  elevations  at  the  ends  of  the  canal,  and  given  dimensions  of 
the  cross-section,  the  discharge,  Q,  can  be  found.  After  Q  is  computed, 
the  values  of  x  corresponding  to  different  values  of  t  (between  t^  and 
ti,)  can  be  found  and  the  surface  curve  platted.  With  the  help  of 
the  surface  curve,  the  areas  of  the  wetted  cross-sections  at  any  point 
can  be  measured,  and  consequently  the  velocities  can  be  determined 
by  dividing  Q  by  the  corresponding  areas. 

Let  F^,  Jij,  and  F^,  &„,  be  the  area  and  surface  width  of  the  trape- 
zoidal cross-sections  at  the  outlet  and  inlet  ends  of  the  canal,  respec- 
tively, then  the  parameter  of  the  equivalent  parabola  is 

7^^ 


2    \6F, 


^  6P, 


Let  a^'  and  a^"  represent  the  distance  of  the  vertex  of  the  parabola 
from  the  lower  sea  level,  at  the  outlet  and  inlet  ends,  respectively,  and 
let  h  =  the  difference  in  levels,  then 

J  o/  b,  =  F,  and  ~  (a,"  -i- h)  h,  =  F, 

and  the  average 

«/  +  a/' 

a,  =  ~ — - — —. 
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If  ([/  and  /„'  are  the  actual  depthn  of  the  trai)ezoidal  cross-sections  at 
the  outlet  and  inlet,  then 

tL  =  t'L  +  («i  —  t'L)  =  «i 
and  ■    «y  =  ?„'  +  («i—  II') 

f„  and  tL  beinc:  the  maximum   depths  of  the  substituted  parabolic  sec- 
tions at  the  inlet  and  outlet,  respectively. 

Applying  the  formula  for  the  conditions  prevailing  at  the  time  of 
the  maximum  difference  in  levels  on  August  26th,  1915,  the  water  ele- 
vations at  Stations  80  and  375  are  found  to  be  95.25  and  101.1,  respec- 
tively, the  current  being  easterly.  These  elevations  being  platted  in 
Fig.  -41,*  the  following  data  are  obtained: 


x,  =  0 


«o'    =  29.75  ft. 


XL  =  29  500  II'  =  23.90  ft.  h  =  5.85  ft. 
F^=  S  532.4  sq.  ft.   b,  =  195. (i  ft. 
^2  =  4  745.1  sq.  ft.  h,  =  219.0  ft. 
C  =  83  (by  Kutter). 

195.6^       .       219.0'^ 


•4( 


6X3532,4      6X4 


745.1/ 


361. 


Fig.  41. 


3X3  532.4 
2  X  195.0 


27.1 


4  745.1  —  Y  X  5.85  X 


219) 


2  X  219 
27.1  +  26.7 


26.7 


=  26.9 


tL  =  26.9  ft.         <o  =  29.75  +  (20.9  —  23.9)  =  32.75  ft. 
Substituting  these  values  in  the  equation,  we  have 

29  500  =  ^il^  (26.0  -  32.75)  -  ''  ><,?' ^  '''  (26.D'-32.7o') 


32.2 

=  —  1  390 


588  000 


135  Q' 
(32.75^  —  26.9*) 


Q' 


588  000(32,75*— 26.9'^) 


30  890 
Q  ^  18  700  cu.  ft.  per  sec. 


=  349  000  000 


•  Fig.  41  is  not  drawn  to  scale. 
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The  maximum  velocity  will  be  at  the  outlet,  or  at  Station  80,  and  is 

given  by 

18  700 

=  5.28  tt.  per  sec. 


.3  532.4 

Tills  result  shows  that  the  method  here  presented  gives  maximum 
velocities,  the  magnitudes  of  which  differ  only  slightly  from  those 
derived  by  the  use  of  the  uniform  flow  formulas.  The  remarks  appended 
to  the  latter  apply  to  this  method  without  exception;  in  approximate 
calculations  it  should  be  used  for  short  canals,  to  which  the  uniform 
flow  formulas  do  not  apply  on  account  of  the  appreciable  difference 
between  the  slope  of  the  water  and  the  slope  of  the  canal  bed. 

11. — French  Academy  of  Sciences'  Formula. — In  1886,  Count  Ferdi- 
nand de  Lesseps,  Chief  Engineer  of  the  French  Isthmian  Canal  Com- 
pany, asked  the  Academy  of  Sciences  to  institute  an  investigation  about 
the  influence  of  tidal  motion  of  the  Pacific  and  Atlantic  on  the  motion 
of  the  water  in  an  open  Panama  canal.  A  committee,  consisting  of 
]\Iessrs.  Daubree,  Fave-Lalanne,  de  Jonquieres,  Boussinesq,  and  Bou- 
quet de  la  Grye,  was  appointed  by  the  Academy  to  answer  the  request 
of  Count  de  Lesseps,  and  reported  on  the  subject  on  May  31st,  1887. 
The  report  in  its  essence  says : 

1. — That  the  tidal  variations  at  the  Atlantic  end  of  the  proposed 
canal  are  so  small  as  to  be  neglected. 

2. — That  experience  shows  that  in  a  canal  communicating  on  the 
one  end  with  a  sea  of  variable  level,  on  the  other  end  with  a  lake  of 
constant  level,  the  amplitude  of  the  tidal  curve  diminishes  uniformly 
from  the  sea  to  the  lake,  and  further  that  the  retardation  of  the  tide  is 
proportional  to  the  distance,  that,  therefore : 
If  Y  =^  half  amplitude  of  the  tide, 
I    =  length  of  the  canal, 

IV  =  velocity  of  propagation  of  the  tides,  and 
t  =  time,  in  seconds,  measured  from  the  instant  of  low  water 
at  the  sea,  and  24  lunar  hours  being  equal  to  2  rj,  then  the 
level,  y,  with  respect  to  the  mean  canal  or  sea  level,  at  a  dis- 
tance, X,  from  the  sea,  will  be 

,  =  _r(i-^)c„..  (2,-^). 

3. — That,  in  accordance  with  what  has  been  observed  on  similar 
canals,  particularly  on  the  Suez  Canal  between  Suez  and  the  Bitter 
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Liikrs.  tlie  velocity  of  propagation  of  the  tide  can  be  represented  by 
the  formula : 


^'  =  J^  («+!.'/)-  A' f, 


where  //  ^  depth  of  canal  below  mean  sea  level, 

V  =  velocity  of  current, 
A' =  constant  (0.4  at  flood  tide,  1.2  at  ebb  tide). 

4. — That,  from  the  levels  which  have  been  derived  by  the  foregoing 
equations  for  any  moment  and  for  two  mutually  not  too  distant  places, 
the  velocity  of  the  current  for  any  moment  may  be  computed  by  apply- 
ing the  formula 

V  =  c  s/Ws* 

The  velocities  should  be  computed  for,  say,  every  half  hour  of  the 
cycle,  and  the  results  tabulated;  from  this  table  the  maximum  velocity 
can  easily  be  pointed  out. 

In  applying  this  method  of  computation  to  a  canal  connected  to 
tidal  seas  at  both  ends,  the  influences  of  the  individual  tides  on  the 
water  elevations  should  be  treated  separately  and  the  results  added, 
with  due  regard  to  the  sign  of  the  slopes.  The  velocities  should  be 
calculated  on  the  basis  of  the  resulting  slopes. 

In  order  to  check  this  formula  against  the  Cape  Cod  observations, 
let  it  be  applied  to  Station  227+50,  admitting  for  the  velocity  of  wave 
propagation  the  approximative  value  of 

to  =  \fg~H  =    V32.2  X  28.65  =  30.7  ft.   per  sec. 

The  maximum  velocity  at  Station  227+50  occurred  at  7.00  A.  M., 
and  low  water  at  Station  80  was  at  5.35  a.  m.,  and  at  Station  375  at 
2.50  A.  M.  '     . 

Taking  first  the  influence  of  the  tide  at  Station  80,  and  considering 
that  the  lunar  time  is  0.97  X  solar  time  (nearly) : 

For  X  =  14  750  ft. 

/  14  750\ 

cos. 


/  14   /0U\ 

V  =  —  0.4   (1  — ) 

^  V  29  500/ 


86  400 
=  —  5.4  X  0.5  X  COS.  39°  20'  =  —  2.09  ft 


*  As  a  matter  of  fact,  the  Committee,  having  in  mind  the  special  problem  of  the 
Panama  Canal,  suggested  the  formula,  v  =  56.86  -J  K  &'  —  0.07   (metric). 
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At  a  distance  1  000  ft.  from  this  station,  or  for  a;  =  15  750  ft., 

,  ,  ^-  0. 97   (  2  X  85  X  GO ^7-7^  )   360*^ 

^  ^    /  15  750\  \  30.7  / 

V  =:  5.4     (  1 —  )  COS.   

^  \  29  500/  86  400 

=  —  5.4  X  0.466  X  COS.  39°  10'  =  —  1.95  ft. 

The  slope,  S,  ==  "^^ ^ —  =  0.00014. 

^    '     '  1  000 

The  influence  of  the  tide  at  Station  375  will,  by  inspection  of  Figs. 
29  and  30,  increase  this  slope,  the  half  amplitude  being  3.05  ft. 
For  a;  =  13  750  ft. 

-,  o  ^.n  0-'J7  ("-  X  250  X  60  —  ^\^\  360° 

^     .    /_,         13  750\  V  30.7  / 

V  =  —  3.05   (1 )  cos. 

^  V  29  500/  86  400   * 

=  —  3.05  X  0.534  X  cos.  119°  30'  =  0.802  ft. 

For  X  =  14  750  ft. 

. .  ^-.  0.97  (^2  X  250  X  60  —  ^^  '^^^^  360° 

„  ^^  /-,        14  750\  V    .  30.7   / 

V  =  —  3.05  (  1  — )  cos. — 

^  V         29  500/  86  400 

=  —  3.05  X  0.5  X  cos.  119°  20'  =  0.749  ft. 

0.802  —  0.749 

The  slope,  8,  = — — =  0.000053. 

1  000 

The  resultant  slope  =  0.00014  +  0.000053  =  0.000193. 
Substituting  this  in  the  Chezy  formula,  and  applying  Kutter's  co- 
efficient for  G,  we  get 


V  =  83  V  18.6  X  0.000193  =  4.97  ft.  per  sec, 

a  result  which  checks  the  obsen^ed  velocities  very  closely. 

The  method  here  described  has  been  thoroughly  discussed  and  criti- 
cized in  a  paper  by  Dr.  C.  Lely,*  who  finds,  in  connection  with  studies 
relating  to  the  Panama  Canal,  that  the  formula  can  be  considered 
only  as  fairly  approximate,  but  by  no  means  accurate,  because  it 
does  not  comply  with  the  law  of  continuity. 

Judging  from  the  remarkably  close  result  furnished  by  the  formula 
of  the  French  Academy  of  Sciences  when  applied  to  the  Cape  Cod 
Canal,  one  must  conclude  that  this  formula  gives  the  best  approximate 
method  for  predicting  the  numerical  value  of  tidal  currents  in  canals 

*  Proceedings,  Amsterdam  Academy  of  Sciences,  April  26th,  1907. 


i'api'is-]  THE   CAPE   COD   CAXAL  1167 

coiuH'ctiiifr  two  tidal  seas.  The  objections  to  it  which  can  be  raised, 
namely,  that  the  assumption  given  under  Paragraph  2  is  not  exact, 
l)ecause  the  amplitude  of  the  tidal  curve  cannot  be  a  linear  function 
of  the  distance,  and  the  method  of  computing  the  velocities  by  the 
application  of  a  uniform  flo-w  formula,  not  being  accurate,  are  not 
serious  for  maximum  values.  The  inaccuracy  of  the  formula  is  much 
more  evident  at  low  velocities.  In  other  words,  near  the  time  of  the 
reversal  of  the  current,  the  velocities  deduced  by  its  use  change  direc- 
tion with  the  reversal  of  the  slope,  though  it  is  a  fact  that,  for  a  con- 
siderable time  after  the  slope  inclination  has  changed,  the  current 
still  flows  in  the  original  direction.  For  canals  as  long  as  to  make 
q  L  equal  0.55  or  more,  this  formula  should  be  used  to  evaluate  the 
friction  coefficient,  f^',  to  be  used  in  the  formulas  derived  by  harmonic 

analysis. 

Conclusions. 

The  writer  has  endeavored  to  give  a  complete  treatise  on  the 
(luestion  of  tidal  currents  in  canals,  so  as  to  enable  the  reader  to  gain 
a  clear  idea  of  this  complex  phenomenon,  and  has  indicated  the  methods 
which  can  be  used  in  predicting  the  magnitudes  of  such  currents  for 
given  conditions. 

There  is  no  doubt  in  the  writer's  mind  that  the  Airy-Levy  formulas, 
derived  by  harmonic  analysis,  with  the  modification  propcteed  by  the 
writer,  represent  the  only  rational  method  for  solving  the  hydro- 
dynamic  problems  arising  within  a  tidal  canal.  This  method  is  fully 
treated  under  the  heading  "The  Solution  of  the  Problem  by  Harmonic 
Analysis."  The  formulas  for  the  evaluation  of  the  elevation  of  the 
water  and  the  velocity  of  the  current  at  any  instant  are  given  in 
Section  5,  page  1141,  the  proposed  modification  of  the  same  to  meet 
actual  conditions  is  discussed  in  Section  6,  page  1146,  and  the  numerical 
apjilication  of  the  method  is  shown  in  Section  7,  page  1147. 

It  is  questionable,  however,  whether  or  not,  in  practice,  the  re- 
finements and  complicated  numerical  work  connected  with  the  harmonic 
analysis  are  justifiable.  The  principal  assumptions  on  which  all  the 
formulas  are  necessarily  based,  namely,  the  prevalence  of  a  uniform 
cross-section  and  a  uniform  friction  coefficient,  arc  never  quite  true 
in  the  practical  case  of  a  canal  dug  in  earth;  and  both  cross-section 
and  friction  coefficient  are  apt  to  change  materially  with  tin*e.  A 
num1ior   of  other  factors   influencing  the  motion   of  the  water,   such 
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as  wind,  drainage  of  the  water-shed  tributary  to  the  canal,  etc., 
cannot  be  taken  into  consideration  at  all,  and,  a  priori,  reduce  all 
analytical  results  to  the  grade  of  a  more  or  less  fair  approximation. 
In  addition,  it  should  be  noted  that  the  designer  of  a  canal  is 
interested  chiefly  in  the  maximum  velocity  which  may  occur  under 
given  tidal  conditions,  and  tlie  behavior  of  the  current  for  other 
values  has  little  interest  for  him. 

It  would  appear,  therefore,  that  the  approximate  methods  of  cal- 
culation shown  in  this  paper  should  be  used  for  the  practical  evalua- 
tion of  the  velocities  in  canals  subjected  to  tidal  influences. 

Three  such  methods  have  been  suggested  herein:  In  Section  9, 
pages  1158-59,  Bazin's,  Eytelwein's,  and  Kutter's  formulas  relating  to 
uniform  flow  are  given.  The  formulas  based  on  permanent  but  non- 
uniform flow  are  treated  in  Section  10,  page  1161,  and  those  recom- 
mended by  the  French  Academy  of  Sciences,  i.  e.,  taking  the  velocity  of 
propagation  of  the  tidal  wave  into  consideration,  are  shown  in  Section 
11,  page  1164. 

In  the  detailed  discussion  of  these  different  formulas,  the  writer 
has  shown  that  none  of  them  can  be  adopted  for  general  application, 
but  that  each  of  these  approximate  methods  is  best  suited  for  certain 
distinct  classes  of  canals,  and,  therefore,  they  should  be  used  with 
caution. 

The  numerical  results  obtained  by  applying  the  approximate 
methods  to  the  Cape  Cod  Canal  would  indicate  that  the  formulas 
for  uniform  flow  will  give  good  results  for  a  canal  having  the  same 
characteristic  features,  both  as  to  design  and  physical  composition 
of  channel  bed.  The  approximate  frictional  factor  to  be  used  for  a 
canal  of  this  type  is  0.03  in  Kutter's  formula.  For  other  types  of 
canals  no  such  comparative  statement  can  be  made,  because  of  the 
small  number  of  existing  tidal  canals  aiid  the  lack  of  accurate  infor- 
mation in  regard  to  the  velocities. 

The  writer  believes,  however,  that  the  results  obtained  by  the 
application  of  the  rational  method  (which  are  as  accurate  as  can  be 
at  the  present  status  of  the  science)  furnish  excellent  means  to  deter- 
mine the  limitation  of  the  use  of  the  three  practical  methods  presented. 
Therefore,  taking  these  results  as  a  measure  of  accuracy,  the  writer 
makes  the  following  recommendations: 
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(a). — For  tidal  canals,  the  length,  cross-sectional  dimensions,  and 
frictional  characteristics  of  which  are  such  as  to  make  q  L 
less  than  0.35,  use  the  formulas  for  permanent  non-uniform 
flow. 

(6). — For  canals  where  q  L  lies  between  0.35  and  0.55,  use  the 
formulas  for  uniform  flow. 

(c). — For  canals  where  g  L  is  greater  than  0.55,  use  the  formulas 
of  the  French  Academy  of  Sciences. 

In  q  L,  L  is  tlie  length  of  the  canal,  in  feet,  and  q  has  the  value 
given  in  Equation  (S),  representing  the  influences  of  the  form  and 
area  of  the  cross-section  and  the  frictional  properties  of  the  channel 
bed.  This  value,  q,  being  dependent  on  a  great  number  of  variable 
factors,  cannot  be  represented  by  a  diagram  of  general  applicability, 
and  should  be  evaluated  in  each  individual  case.  To  overcome  the 
ambiguity  caused  by  the  fact  that  q  is  also  dependent  on  the  velocity 
to  a  certain  extent,  as  a  rule,  a  few  trial  calculations,  as  explained 
on  page  1146,  will  be  necessary  to  arrive  at  the  correct  governing 
value  of  the  product,  q  L. 

Applying  the  proposed  criteria  to  canals  of  the  type  of  the  Cape 
Cod  Canal,  i.  e.,  having  nearly  the  same  cross-section  and  the  same 
consistency  of  channel  bed,  and  being  subjected  to  tidal  differences 
of  about  the  same  magnitude,  it  can  be  stated  that,  for  predicting  the 
maximum  velocities  in  such  uniform  canals : 

If  they  are  not  longer  than  about  5  miles,  use  tlie  formula  for 

permanent  non-uniform  flow; 
If  their  length  is  between  5  and  8J  miles,  use  the  formulas  for 

uniform  flow  (Bazin,  Kutter,  etc.)  ; 
If  they  are  longer  than  8^  miles,  use  the  formulas  of  the  French 

Academy  of  Sciences. 
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ju::aring  value  of  soils  for  foundations* 


To  THE  American  Society  of  Civil  Engineers  : 
The  Special  Committee  appointed 

(1)  To  codify  present  practice  on  the  bearing  value  of  soils  for 
foundations,  and 

(2)  To  report  on  the  physics  of  soils  in  relation  to  engineering 
structures, 

respectfully  submits  this  report  of  progress. 

During  the  past  year  your  Committee  held  three  meetings;  but  its 
work  was  suspended  during  the  greater  part  of  the  year,  because  of 
lack  of  necessary  funds,  and  an  investigation  into  the  work  of  the 
Committee  by  the  Board  of  Direction.  Quite  recently,  the  Board  of 
Direction  approved  the  continuation  of  the  work  of  the  Committee, 
and  appropriated  funds  (believed  to  be  sufficient)  to  complete  the 
report  on  the  Classification  of  Soils,  and  to  standardize  apparatus  and 
procedure  for  defining  soils. 

Your  Committee  has  noted  the  discussion  on  its  last  report  in  rela- 
tion to  the  classification  of  soils;  but  the  practical  experience  of  the 
Committee  during  the  past  year  indicates  that  the  classification  may 
be  further  simplified.  Modifications  have  been  proposed  by  the  United 
States  Bureau  of  Mines,  and  the  United  States  Geological  Survey, 
which  will  have  the  earnest  consideration  and  study  of  your  Committee. 

Your  Committee  reiterates  that  it  has  been  found  impractical  to 

codify  the  data  collected  on  classes  of  soils,  because  of  the  impossibility 

of  identifying  the  soils  and  interpreting  values  for  bearing  capacity. 

Your  Committee,  however,  in  resuming  its  activities,  will  endeavor  to 

•  Presented  to  the  Annual  Meeting,  January  17th,  1917. 
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prosont  the  data  colloctod  in  useful  form ;  and.  also,  will  consider 
methods  of  making  practical  tests  and  necessary  ohsorvations  for  col- 
lecting future  data. 

Your  Committee  finds  that  it  is  vitally  im^wrtant  to  obtain  as  .1 
basis  of  its  work  as  much  scientific  information  as  possible  on  the 
physical  ]iroperties  of  soils;  and  that,  in  so  far  as  it  is  practical,  the 
study  of  the  physics  of  soils  should  be  conducted  along  the  general  linea 
in  vogue  in  the  study  of  materials  of  construction.  With  this  in  view 
your  Committee  has  been  co-operating  with  the  Bureau  of  Standards. 
Dr.  S.  W.  Stratton.  Director.  The  cordial  appreciation  of  the  work 
of  that  Bureau  is  here  acknowledged,  and  the  scientific  report  of  the 
Sub-Committee  is  submitted  as  Appendix  A.  All  this  experimental 
work  is  being  carried  on  by  the  U.  S.  Bureau  of  Standards  at  no 
expense  to  the  American  Society  of  Civil  Engineers,  because  the  sub- 
ject is  recognized  as  being  of  National  importance.  During  the  year 
the  attention  of  other  scientific  and  technical  institutions  will  be 
directed  to  the  unusual  opportunity  xiresented  for  co-operation  in 
this  work. 

On  the  request  of  your  Connnittee.  the  Carnegie  Library,  of  Pitts- 
burgh, through  its  Technology  Department,  Mr.  Harrison  W.  Craver. 
Librarian,  and  Mr.  Ellwood  H.  McClelland,  Technology  Librarian, 
has  compiled  a  "Bibliography  on  the  Physical  Properties  and  Bearing 
Capacity  of  Soils",  at  no  expense  to  the  American  Society  of  Civil 
Engineers.  This  is  presented  as  Appendix  B.  The  cordial  apprecia- 
tion of  your  Committee  is  extended  to  the  Carnegie  Library,  of  Pitts- 
burgh, for  this  comprehensive  collection  of  references. 

The  references  are  classified  as  follows: 

1.  Natural  Phenomena. 

Erosion. 

Sedimentation  and  Silting. 

Slides.  Slips,  and  Subsidences. 

2.  Chemical  and  Physical  Properties  of  Soils. 

Theory. 
Testing. 

Methods  and  Results. 

Instruments. 
Bearing  Value. 
General  and  ^Miscellaneous  Properties. 

3.  Granular  Materials. 

Sand  and  Gravel. 
Quicksand. 
Grain. 
Miscellaneous. 

4.  Foundations. 
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5.  llctaining  Walls,  Including  Lateral  Earth  Prossnrf. 
G.  Piles. 

Gonoral. 

Theory  and  Formulas. 

Tests. 

Pile-driving. 

There  are  859  references,  each  one  of  which  has  been  actually  exam- 
ined, and  all  may  be  found  in  the  Carnegie  Library,  of  Pittsburgh. 
Titles  of  articles  and  names  of  journals  are  given  in  full.  Dates,  volume 
numbers,  and  inclusive  paging  are  given.  In  most  cases  the  nature 
of  the  article  is  indicated  by  a  brief  explanatory  note,  and  all  bibliog- 
raphies accompanying  books  or  magazine  articles  are  mentioned. 

During  the  past  year  your  Committee  has  taken  part  in  a  conference 
with  representatives  of  various  scientific  societies  and  Government 
Bureaus  at  the  Bureau  of  Standards,  Washington,  D.  C,  which  resulted 
in  the  adoption  of  a  Standard  Screen  Scale  for  wire  sieves,  as  detailed 
in  the  report  of  the  Bureau  of  Standards,  presented  as  Appendix  C. 

Respectfully  submitted  on  behalf  of  the  Committee. 

Robert  A.  Cummings, 
Jan.  KjTII,  1917.  Chairman. 

Committee: 
W\\LTER  J.  Douglas,  Secretary, 
Edwin  Duryea, 
E.  G.  Haines, 

Allen  LIazen,  « 

.].  C.  Mkem, 
Robert  A.  Cummings^  Chairman. 
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APPENDIX    A 


PROGEESS  REPORT  OF  SUB-COMMITTEE  ON 
RESISTANCE  OF  SOILS. 

Your  Sub-Committee  has  been  engaged  on  the  second  division  of 
the  investigational  work  outlined  by  your  Committee  in  the  previous 
report,  viz.,  the  determination  of  the  physical  characteristics  of  soils 
by  laboratory  methods.  The  results  of  experimentation  submitted  at 
this  time  are  to  be  considered  tentative.  Only  typical  data,  for  the 
purpose  of  illustration,  will  be  presented,  as  much  of  the  experimental 
work  is  incomplete,  and  the  data  are  not  fully  organized  at  the  present 
writing. 


(a) 


Fig.  1 


Position  of  actuating 
piston  operating  disk 


Standard  Methods  of  Grading  and  Separation.— Your  Sub-Commit- 
tee has  held  frequent  discussions  with  your  Chairman  relative  to 
standard  methods  of  grading  and  separation,  but  no  recommendations 
can  be  made  at  this  time.  It  is  felt  that  an  efficient  method  of  grading 
and  separation  of  granular  materials  is  imperative,  if  an  earth  is 
tested  under  standard  conditions.* 

Standard  for  Laying  of  Earth.— 'Numerous  tests  have  been  made 

with  the  nested  cylinder  device  described  in  a  previous  report.f     (Fig. 

1.)     A  material  reduction  in  the  range  of  variation  of  the  data  has 

*  The  report  of  the  conference  on  a  standard  screen  scale  for  testing  sieves  has 

since  been  issued.  i,    iqir    t,    q^q 

f  Proceedings,  Am.  See.  C.  E.,  Papers  and  Discussions,  March,  191b,  p.  6i6. 
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been  etfoctotl  with  cylinders  of  this  type.  The  earth  is  deposited  under 
approximately  identical  conditions  in  different  tests,  with  uniform 
l)ressurc  of  the  piston,  and  without  eccentricity  from  the  axis.  The 
Mppnratus  is  found  to  be  convenient  .in  determining  densities  of  soil 
ajijrregates.  A  granular  soil  is  "'stroked  off"  at  the  desired  height  with 
a  screed.    A  fine  wire  is  used  for  clays. 

General  Plan  of  Tests. — Your  Sub-Committee  has  stated  that  the 
resistance  and  other  properties  of  earths  are  functions  of  a  number 
of  variables.  The  structural  variables  are  defined  by  your  classification. 
The  property  variables  are  defined  by  the  mechanics  of  materials.  A 
number  of  the  variables  are  functionally  related,  e.  g.,  cohesion-water 
content,  strain-density,  friction-plasticity,  etc.  Your  Sub-Committee 
has  sought  to  determine  the  law  of  variation  of  particular  functions 
in  terms  of  the  more  important  variables,  when  the  others  are  held 
constant  or  may  be  practically  ignored. 

The  general  soil  which  is  hypothecated  in  the  planning  of  tests, 
in  conformity  with  your  classification,  is  as  follows :  Grains  or  particles, 
of  different  material,  shape,  and  mean  diameter,  are  conceived  as 
surrounded  by  a  matrix,  wholly  or  partly  filling  the  voids.  Plasticity 
is  the  essential  variable  of  this  matrix,  with  water  content  a  particular 
case.  The  particles  are  considered  as  incompressible  under  moderate 
pressures.  They  are  slightly  compressible  and  more  or  less  disintegrable 
under  hea^'y  pressures.  The  matrix  is  subject  to  more  or  less  compac- 
tion in  the  voids.  A  particular  earth  may  be  fairly  approximated 
for  laboratory  study  by  a  proper  selection  of  the  two  components.  A 
clay,  for  example,  may  be  considered  to  be  wholly  matrix  without 
grains,  or  finely  comminuted  grains  without  matrix;  a  sand  may  be 
considered  as  wholly  grains  without  matrix,  etc.  The  surfaces  of  grains 
are  surfaces  of  limited  stability,  i.  e.,  slipping  and  readjustments  occur 
at  certain  stages,  and  stress  and  strain  functions  and  their  derivatives 
are  subject  to  finite  discontinuities.  The  "film"  or  matrix  surrounding 
particles  is  considered  by  soil  analysts  to  be  an  essential  factor  in 
studying  the  stabilities  and  equilibriums  which  exist  or  are  possible  in 
different  earths. 

It  has  been  found  necessary,  in  investigational  work  of  this  nature, 
to  duplicate  experimental  conditions  almost  identically  in  repeating 
tests.  Otherwise,  variations  of  several  hundred  per  cent,  between 
results  will  often  occur,  and  it  is  difficult  to  draw  conclusions  from  the 
tests  in  such  cases.  If  uncertainties  exist  in  the  case  of  experiments 
conducted  on  a  small  scale  under  conditions  of  some  refinement,  they 
may  be  expected  to  exist  a  fortiori  in  the  case  of  experiments  on  a 
larger  scale  under  conditions  approximating  those  of  practice. 

The  granular  earths  are  studied  under  a  definite  range  of  variables. 
The  clays  and  mixed  soils  are  treated  indei>endently,  the  plasticity 
of  the  latter   being   considered.      Since  the   last   report,   experiments 
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have  been  confined  to  standard  20-30  Ottawa  sand,  the  matrix  consid- 
ered being  water,  the  quantities  varying  in  5%  increments  from  zero 
moisture  to  saturated.  Clays  are  being  considered  at  the  present 
time  and  out  of  the  regular  order,  for  the  purpose  of  studying  .the 
workings  of  apparatus  under  extreme  conditions. 
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Fig.   2. 

Remarks  on  Stress-Strain  Relations. — Dry  Sand. — Oven-dried  sands 
have  been  tested  in  the  cylinder,  Fig.  1  (a).  Loads  were  measured  on 
the  beam  of  a  200  000-lb.  testing  machine.  Strains  were  measured  by 
Ames'  dials  placed  at  opposite  points  on  the  piston.  Curves  of  the 
type  of  Figs.  2  and  3  were  found.  For  loads,  0  <  p  <  50,  stress  is 
an  increasing  function  of  strain,  showing  that  energy  is  mainly 
consumed  in  compacting  voids.  Stress  is  practically  proportional  to 
strain  for  p  >  50,  indicating  partial  equilibrium  under  internal  fric- 
tions.    Stress  is  a  decreasing  function  of  strain  for  most  materials, 
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wlnTcin  ilcw  and  disintegration  of  particles  as  well  as  reduction  of 
voids  occurs,  the  eifect  of  reducing  voids  apparently  being  to  impose 
positive  curvature  and  flow  or  breaking  down  of  particles  of  negative 
curvature  on  the  slope  of  curves,  but  this  is  not  yet  determined  con- 
clusively. The  effect  of  repetitions  of  loads  shows  pronounced  reduction 
in  strain  with  mainly  inelastic  set,  there  being  little  resiliency  in  sand. 
In  some  cases  twenty  cj'cles  were  taken,  the  curves  in  Figs.  2  and  3 
being  reduced  to  the  origin.  There  is  a  region  of  condensation  at 
the  5th-20th  interval,  the  curves  approaching  a  limit  or  "frontier" 
without  further  appreciable  set.  The  p  axis  (Fig.  4)  is  the  stress-strain 
curve  for  the  ideal  case  of  incompressible  particles  with  minimum  voids. 


STANDARD  OTTAWA  SAND 

STRESS-STRAIN  CURVES 

FOR   1ST,  2D,  5TH  AND 

10TH   RUNS 


Strains 
Fig.  3. 

The  s  axis,  on  the  other  hand,  is  the  curve  for  loosely  laid  earths.* 
The  wide  variations  in  strains  during  earlier  runs  indicate  the  need 
of  a  close  determination  of  the  density  of  earth,  in  the  opinion  of 
your  Sub-Committee,  if  the  results  of  different  investigators  are  to  be 
•placed  on  an  experimental  parity. 

Pressure,  Strain,  and  Density  Curves. — In  practical  experiments 
by  engineers,  the  only  reference  to  density,  as  a  rule,  is  an  approxi- 
mate statement  of  the  specific  weight  of  the  earth.  Your  Sub-Committee 
did  not  attach  sufficient  weight  to  this  variable  during  former  tests. 


•  When  dry  sand  is  dropped  from  a  height  into  a  box  and  "stroked  off,"  a  single 
tap  will  lower  the  surface  as  much  as  14  in. 
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Large  variations  in  the  physical  properties  accompany  slight  changes 
in  density  of  the  mass.  The  practical  feasibility  of  determining  the 
density  in  "prospecting"  a  soil  will  depend,  evidently,  to  a  large  extent 
on  the  practical  etHciency  of  the  apparatus  already  devised  by  your 
Committee. 

An  attempt  has  been  made  to  show,  in  the  typical  tests  to  be  given, 
that  for  constant  pressure  the  strain  varies  inversely  with  the  density. 
The  volume  can  be  determined  closely,  as  the  nested  cylinder  is  accu- 
rately machined.  The  exact  weight  of  the  earth  is  determined  after 
each  test.  With  a  height  of  5  in.  under  the  piston,  and  weights 
measured  to  1  gramme,  the  density  is  determined  to  within  about 
0.01  per  cent.  In  the  curves  of  Figs.  2  and  3  a  height  of  sand  in  the 
cylinder  of  1  in.  was  used,  and  equi-initial  density  curves  are  drawn 
for  the  first,  fifth,  and  tenth  rmis,  the  load  being  removed  in  each 
individual  case  at  100  lb.  per  sq.  in.  and  applied  again  at  zero.  The 
actual   densities  vary  slightly  with  the  pressure  and  strain,  but  this 

/  ^D. 

was  ignored  in  drawing  the  present  curves.     The  gradient  (  limit  — —  \  , 

or  slope  of  steepest  ascent,  is  meas-  "  ^- — 

11  T  J  1    i  Reg-ion  of  Change  in  Density  - 

ured   along   lines   drawn   normal   to  /\--[ 

the   contours,    usually   called   "lines 
of  flow."     It  is  seen  that  a  change 

j;--,-ij         .,         J.        ^      „^  Region  of  Elastic  Action 

01  initial  density  ot  only  6%  causes 
approximately  a   difi^erence  of  from  ^^ 

300  to  400%    in  the   strain   on   the  * 

•    ...    1     /,  ,,      ,1  Region  of  Change 

initial      run    up  ,    the    curves    con-  jn  Density 

verging  on  the  fifth  and  tenth  runs, 

and    the    relative    positions    of    the 

curves  changing  in  some  cases.     On  ^^'    ' 

the  first  "run  up"  two  curves  are  out  of  the  natural  order,  which  may 

denote  an  error  in  the  measurements. 

In  the  case  of  solids  and  fluids,  the  pressures,  in  general  are  pro- 
portional to  the  densities,  as  in  the  case  of  Boyle's  law  for  gases. 
Granular  and  pulverulent  media  are  stated  by  Boussinesq  to  possess 
properties  intermediate  to  the  former  extremes.  If  this  is  the  case, 
it  should  indicate  that  the  density  will  play  an  important  part  in  the 
standardization  of  tests  for  earths.  A  large  number  of  tests  will  be 
needed  to  demonstrate  the  relative  influence. 

Gauges. — Your  Sub-Committee  has  continued  its  experimental 
studies  of  the  gauges  described  in  the  last  report.  The  newer  gauges 
are  turned  from  solid  pieces  of  tool  steel,  and  are  set  flush  with  the 
walls  of  the  containers,  without  reveals.  Diaphragm  portions  are  2.526 
in.  in  diameter  to  give  5  sq.  in.  area.  The  thicknesses  of  the  diaphragm 
portions  are  0.04,  0.08,  and  0.12  in.,  or  1,  2,  and  3  mm.,  respectively. 
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The  gauges  are  screwed  tight  to  the  walls,  without  possihility  of  rela- 
tive motion.  The  calibrations  with  mercury  tubes  and  Ashcroft  gauges 
show  that  the  gauges  are  very  dependable  under  hydrostatic  pressures. 

The  hydrodvnainic  analogue  of  earth  under  pressure  in  a  cylinder 
is  the  whirling  lluid  under  action  of  gravity  and  centrifugal  force. 
(Fig.  5).  Tiic  lines  of  stress  are  theoretically  nearly  normal  to  the 
piston,  and  diverge  to  the  walls  and  the  base  of  the  cylinder.  Accord- 
ingly, there  is  theoretically  less  pressure  on  the  diaphragm  at  the 
base  of  the  cylinder  than  the  mean  applied  stress  on  the  piston.  The 
tests  with  the  1-mm.  gauge,  on  the  contrary,  have  showm  excess 
pressures  on  the  diaphragm  amoiuiting  to  as  much  as  25%  of  the  corre- 
sponding hydrostatic  pressure,  when  the  piston  is  within  1  in.  of  the 
diaphragm.     The  excess  is  reduced  as  this  distance  is  increased. 

Tests  with  the  3-mm.  diaphragm  on  1  and  5  in.  of  sand,  show 
pressures  greater  than  hydrostatic  for  1  in.  and  less  than  hydrostatic 
for  5  in.  of  sand,  respectively,  (Fig.  6),  the  diiference  in  ordinates, 
in  the  latter  case,  apparently  representing  the  loss  due  to  friction  on 
the  walls,  which  increases  with  the  pressure  and  depth  of  the  material. 
A  study  of  a  larger  number  of  tests  not  here  recorded  indicates  that 
the  pressure  depends  not  only  on  the  thickness  of  the 
diaphragms,  but  also,  to  some  extent,  on  whether  the 
load  is  applied  at  the  center  or  circumference  of  the  t 
rim  of  the  piston,  which  is  quite  rigid.  T 

William  Cain,  M.  Am.  Soc.  C.  E.,  has  pointed  out  '^ 

to  the  Committee  that  the  phenomenon  of  excess  pres-  ' 

sures  occurred  in  the  Illinois  Experiment  Station  and  _ 

,  ,  .  Fig.  o. 

State  College  tests,   and  to  a   greater  degree  than   is 

here  shown.     This  was  attributed  to  lack  of  uniformity  in  the  pressure. 

The  matter  will  require  futher  investigation  before  definite  knowledge, 

in  this  respect,  can  be  obtained. 

Conjugate  Pressures. — Standard  Sand. — Dry. — Conjugate  pressures 
in  a  medium  are  pressures  so  related  that  either  acts  on  a  plane  parallel 
to  the  direction  of  the  other.  (Fig.  7.)  Principal  stresses  are  special 
cases  when  the  conjugate  planes  are  perpendicular.  The  apparatus 
used  by  your  Sub-Committee  for  determining  the  ratio  of  the  conjugate 
pressures  is  shown  in  Fig.  1.  The  nested  cylinder  was  used  as  the 
container.  The  density  was  measured  as  previously  described.  An 
accurately  machined  cap  is  placed  on  top  of  the  cylinder.  The  piston, 
a,  and  the  gauge,  h,  each  of  5  sq.  in.  cross-section,  are  placed  eccentric- 
ally 2  in.  from  the  axis  of  the  cylinder.  The  pressure  is  applied  at  a, 
and  the  uplift  is  measured  at  h. 

According  to  Eankine's  theory,  the  relation  between  the  "active 
pressure"   or  effort   at  a  and  the  induced  pressure   at   h  is  Ph  =  Pa 

( '—\  ,  where  p    is  the  pressure  on  the  piston,  j).  is  the  pressure 

Vl  +  sin.  (pj  '  -'"  '■ 
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on  the  gauge,  and  <^  is  the  angle  of  internal  friction  for  the  soil. 
In  an  exact  sense,  the  equation  defines  the  mode  of  equilibrium  at 
a  definite  point  in  a  cohesionless  material  when  the  particles  exert  their 
maximum  frictional  resistances.  Since  it  is  impossible  to  devise  me- 
chanical means  for  determining  the  exact  pressures  and  their  laws  of 
variation,  p,,,  pjj,  and  <jf>,  as  determined  by  the  tests,  are  considered 
to  represent  mean  values  for  the  region  affected.  The  angle,  <^,  is 
taken  as  a  convenient  parameter  in  making  a  comparative  study  of 
experimental  results  for  different  earths. 
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Pressure  on  Piston,  in  Pounds  per  Square  Inch. 
Fig.   6. 

Piston  pressures  are  applied  and  readings  are  taken  on  the  beam 
of  the  200  000-lb.  testing  machine.  Gauge  pressures  in  the  case  of  the 
thin  diaphragms  are  measured  with  an  accurately  calibrated  Ames' 
dial,  reading  direct  to  0.0001  and  by  estimation  to  0.00001  in.,  and  for 
thick  gauges  and  greater  refinement  by  the  Bauschinger  type  of  appa- 
ratus reading  deflections  to  0.000001  in.  when  the  cathetometer  is 
placed  at  100  in.  (Fig.  7). 
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There  are  shown  in  Fig.  8  a  typical  set  of  nine  tests  on  standard, 

oven-dried  sand.    The  gauge  pressures,  pj,  are  platted  as  ordinates,  the 

V 
jiiston    pressures,    p^,,    as    abscissas.     The    ratio,  — ,  from  a  particular 

'a 

A  —  sin.  cp\'^ 

curve,  represents   the  value,  ( : — —      ,  correspondniii;  to  the  par- 

V^  +   sui.  </V  '  i  ■ 

ticular  pressure,  p^^.  Tlie  square  root  of  this  value  gives  the  ratio  of 
the  applied  vertical  pressure  to  the  induced  lateral  pressure.  Theo- 
retically, the  curves  should  pass  through  the  origin.  Actually,  there 
is  a  slight  readjustment  of  grains  with  an  increase  in  density  under 
initial  loads  for  values  near  the  origin.  The  cohesion  factor,  Ic,  in 
the  equation,  q  =  p^  tan.  <^  +  7.-,  has  not  been  considered,  but  is  dis- 
cussed later. 

From  these  curves  there  are  deduced  the  mean  values  of  the  co- 
efficient and  angle  of  friction,  as  follows: 

0,  =  39°  20'  :  tan.  0,  =  f,  =  0.82  L^  <  Pi   <   100  ^^-   P^r  sq.   in. 

S  =  49°  20'   :  tan.  0   =.  V    =  1.15  )  ^^^  <  |l^   <,  ^^^  1  >•  P^"-  ^^-    '^- 
-  ■^.       .'  2  ^  Density  nearly  constant. 

These  results  are  somewhat  higher  than  the  values  recorded  in 
engineering  pocketbooks,  (^  ^  20  to  35°.  The  percentage  of  varia- 
tion from  the  mean  is  pronounced  at  the  origin  and  beyond  ■  \ 
120  lb.  per  sq.  in.;  the  mean  variation  beyond  100  lb.  per 
sq.  in.  varies  approximately  from  zt  5  to  =t:  15  per  cent. 


ti 


This    variation    can    doubtless    be    reduced    as    additional     ^ 
study  is  given  to  the  data,  and  the  methods  of  tests  are 
perfected. 

The  induced  pressure  on  the  gauge  increases  quite  uniformly  with 
the  applied  pressure  in  the  interval,  0  <  p^  <  100.  In  the  interval, 
100  <  Pj  <  200,  there  appears  to  be  equilibrium  of  the  particles  against 
motion  on  account  of  the  internal  friction.  The  gauge  stood  nearly 
stationary  at  times  in  this  interval.  In  the  interval,  200  <  Pg  <  300, 
the  frictions  appear  to  have  been  partly  overcome  with  re-gearings  of 
the  grains  taking  place,  probably  on  account  of  slight  breaking  down 
and  slips  at  the  peripherics  of  the  grains.  The  tests  submitted  confirm 
to  some  extent  the  statement  of  G.  H.  Darwin,  that  internal  friction  is 
a  function  of  the  pressure  and  density.* 

Coefficient  of  Friction  Determined  with  Cup  Disks. — Cohesion 
Factor,  k.  Neglected. — A  number  of  tests  have  been  made  with  the 
rotary  cup-shaped  disks  (Fig.  1  (&)),  and  also  with  smooth  steel  disks. 
In  the  typical  results  to  be  quoted,  cohesion  has  been  ignored  as  quite 
negligible  for  dry  sand.  It  will  be  considered  with  different  percentages 
of  moisture,  and  as  methods  become  perfected. 

*  Minutes  of  Proceedings,  Inst.  C.  E.,  Vol.  LXXI   (1883),  pp.  374  ct  seq. 
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Upward  Pressure  on  Gauge"6','in  Pounds  per  Square  Inch. 
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In  the  working  of  this  friction  apparatus,  it  is  found  that  two 
classes  of  coefficients  can  be  determined,  one  for  friction  at  impending 
motion,  and  another  for  friction  of  actual  finite  rotary  displacements. 
In  the  case  ol"  incipient  motion,  the  observations  and  pressures  are 
recorded  for  actual  motions  of  from  0.0001  to  0.0002  in.  at  the  rack, 
and  the  data  are  calculated  (Fig.  9).  In  the  second  case,  finite 
motions  of  increments  from  0.01  to  0.10  in.  were  taken  at  the  maximum 
pressures  recorded  with  the  gauges.  These  limiting  cases  give  frictions 
at  impending  motion  and  for  small  actual  motions.  Almost  any  pres- 
sure and  coefficient  of  friction  can  be  found  between  these  limits,  de- 
pending on  the  conditions  of  equilibrium  for  intermediate  values. 


TYPICAL  FRICTION  — PRESSURE  CURVES 

STANDARD  SAND 

(20-30  Dry  Ottawa  Sand) 

With  Apparatus  of  Fig.  1  (6) 

Incipient  motion= Observed  minimum. 

Actual  motion  =  Observed  maximum  at 

small  rotary  displacement  of  disk. 


Pressure  on  Sand,  in  Pounds  per  Square  Inch,  by  Testing  Machine 
Fig.  9. 

It  is  shown  by  the  curves  of  Fig.  9  that  sand  in  the  cup-shaped 
disk  does  not  exert  the  maximum  friction.  G.  H.  Darwin  claimed* 
that  the  friction  is  a  function  of  the  pressure  and  the  density  of  the 
mass,  not  only  at  any  instant,  but  as  well  of  that  at  some  previous  con- 
figuration or  state.  There  is  every  indication  that  this  will  be  so  when 
the  disks  (or  the  double  box  arrangement)  are  used  with  granular 
materials.  There  is  a  partial  confirmation  of  the  theory  of  Boussinesqf 
that  when  the  sand  is  held  fixed  at  the  boundary,  slipping  occurs  on  a 
near  film  of  material,  this  friction  at  the  film  of  slip  representing  the 

*  Minutes  of  Proceedings,  Inst.  C.  E.,  Vol.  LXXI,    (1883),  pp.  374  et  scq. 
t  "History  of  the  Elasticity  and  Strength  of  Materials,"  Vol.  II,  Part  II,  Article 
on  Boussinesq  by  Karl  Pearson. 
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maximum  friction  of  sand  on  sand.  To  show  this  the  sand  was  "re- 
strained" in  the  cup  disk,  by  mixing  one  part  of  sand  with  six  parts  of 
plaster  of  Paris,  the  mixture  being  richer  on  the  surface.  It  is  assumed 
that  the  grains  at  the  surface  of  the  disk  are  fixed,  and  that  sliding 
occurs  on  the  film  just  outside  this  surface.  The  coefficient  of  friction 
is  about  twice  that  for  "free"  sand  in  the  cups. 

A  few  preliminary  trials  with  a  knurled  steel  disk,  the  knurls  being 
slightly  larger  than  the  grains,  lead  the  experimenters  to  believe  that 
this  will  be  a  more  satisfactory  form  of  disk  for  developing  the  maxi- 
mum coefficient  of  a  dry  sand  than  the  cup  disks  for  comparative  pur- 
poses in.  standard  tests.  In  a  material  such  as  clay,  however,  which  is 
not  subject  to  much  change  in  density  after  initial  impaction,  it  is 
probable  that  the  cup  disks  will  be  preferable.  The  cup  disks  will  be 
more  satisfactory  in  getting  the  cohesion  factor,  h,  according  to 
Cain's  method,*  since,  with  the  knurled  head,  it  will  be  quite  impossible 
to  compute  the  depressed  areas  or  "pits"  very  closely. 

Experiments  with  the  Steel  Disk. 

Standard  Sand. — Different  Percentages  of  Moisture — Cohesion 
Factor,  h,  Neglected. — The  law  of  variation  of  the  coefficient  of  fric- 
tion was  studied  for  standard  sand  with  different  percentages  by  weight 
of  water  matrix  added.  The  quantities  of  water  varied  from  zero  for 
dry  sand  to  about  20%  of  the  weight  of  the  sand.  The  pressures  are 
given  in  50-lb.  increments  from  zero  to  300  lb.  per  sq.  in.  A  smooth 
steel  disk  having  the  surface  flush  with  the  base  of  the  cylinder  was  used 
in  the  tests.  The  coefficient  of  friction  was  determined  under  the  condi- 
tions of  a  definite  rotational  displacement  of  the  disk  at  the  maximum 
pressures  on  the  actuating  piston  of  the  lateral  pressure  cylinder,  Fig. 
1,  as  recorded  by  a  mercury  tube  and  pressure  gauge.  The  pressure 
gauge  was  calibrated  with  the  Emery  tester.  The  frictional  factor  of 
the  apparatus  was  determined  by  measuring  the  force  necessary  to  turn 
the  disk  in  oil,  subject  to  pressure  in  the  earth  cylinder,  and  found  to 
be  small,  varying  from  zero  to  0.4  lb.  per  sq.  in.,  when  the  oil  pressure 
varied  from  no  load  to  200  lb.  i>er  sq.  in.  The  earth  was  placed  at  a 
height  of  5  in.  in  the  cylinder,  the  different  percentages  of  water  being 
added  by  weight,  and  intimately  mixed  in  the  sand  by  rotating  the  mass. 

In  Figs.  10,  11,  and  12,  the  calculated  coefficients  of  friction  are 
given  as  the  ordinates,  the  percentages  of  water  are  given  as  the  ab- 
scissas of  the  curves  at  50  lb.  sq.  in.  increments  of  load  on  the  piston  of 
the  containing  cylinder.  The  upper  curve  in  all  cases  is  the  friction, 
calculated  on  the  basis  of  average  pressure  recorded  on  the  beam  of  the 
testing  machine.  The  lower  curve  represents  the  corrected  curve  for 
the  coefficient,  f,  on  the  basis  of  the  pressure  at  the  surface  of  the  disk. 

*  "Cohesion  in  Earth  :  The  Need  for  Comprehensive  Experimentation  to  Deter- 
mine the  Coefficients  of  Cohesion."  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXX  (1916), 
p.  1315. 
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FRICTION-PRESSURE-WATER   CONTENT  CURVES 

COEFFICIENT  OF   FRICTION    OF  SAND  ON     SMOOTH     STEEL. 

FIRST    "RUN   UP"- STANDARD    20-30  OTTAWA  SAND. 


0.60 


10  15 

Percentage  of  Water. 
Fig.   10. 
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FRICTION-PRESSURE-WATER   CONTENT  CURVES 

COEFFICIENT  OF  FRICTION   OF  SAND  ON   POLISHED  STEEL. 

FIFTH    "RUN  UP" -STANDARD    20-30  OTTAWA  SAND. 


0.60 


0.20 


0.40 


10  15  20 

Percentage  of  Water. 
Fig.   11. 
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This  was  doterinined  by  independent  tests  with  the  ;3-inni.  gauge,  when 
it  was  placed  at  the  bottom  of  the  cylinder  in  the  same  position  as  the 
disk.     The  curves  in  each  case  are  the  means  of  five  sets  of  tests. 

It  is  seen  that,  for  the  first  run,  the  coefficient  of  friction  for  steel 
on  sand  is  a  minimum  for  dry  sand  and  a  maximum  for  sand  with 
10%  moisture,  the  slopes  of  the  curves  being  quite  iiniform  after  5% 
moisture  is  reached.  The  lower  curves  are  closely  parallel  to  the 
upper  ones  throughout.  There  is  a  "cusp"  or  re-entrant  break  in  the 
curves  for  the  fifth  run  in  all  cases,  which  cannot  be  explained,  but  is 
probably  dependent  on  instrumental  conditions.    The  sand  at  the  fifth 

FRICTION-PRESSURE-WATER  CONTENT  CURVES 

COEFFICIENT  OF  FRICTION  OF  SAND  ON   POLISHED  STEEL 

Standard  20-30  Ottawa  Sand 


O.CO 


5  10  15  20 

Percentage  of  Water. 
Fig.   12. 

''run  up"  is  believed  to  be  in  the  more  stable  position  corresponding 
to  natural  earths  in  situ  than  it  is  at  the  first  ''run  up."  The  density 
was  not  determined  in  these  tests,  as  its  importance  was  not  realized 
at  the  time.  The  results  of  tests  for  the  first,  second,  and  fifth  runs 
indicate  that  the  density  affects  the  coefficient,  but  not  to  any  such 
extent  as  it  does  the  strain. 

Tests  with  Smooth  Disks. 

Delerminations    of   the   Angle    of   Friction,   (f),   the    Coefficient    of 

Friction,  f,  and  the  Cohesion  Factor,  h,  for  Standard  Sands  Having 

Different    Quantities   of   Moisture. — Cain    has   modified    the   Rankine 

equations,  according  to  the  method  of  Coulomb,  to  include  the  effect 
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of  cohesion  in  a  rational  manner.*  Determinations  of  the  angle  of 
friction,  (/>,  the  coefficient  of  friction,  f,  and  the  cohesion  factor,  k, 
have  been  obtained  from  the  data  in  accordance  with  the  method 
proposed  by  him. 


40  60  aO  100  120         140         160  180 

Normal  Pressure,  in  Pounds  per  Square  Inch=  f,j 

Fig.   13. 

Standard  sands  having  different  percentages  of  moisture,  as  pre- 
viously described,  were  placed  in  the  cylinder,  Fig.  1  (&),  to  a  depth 
of  5  in.  and  subjected  to  a  pressure,  p,^,  from  the  testing  machine. 

*  "Cohesion  in  Earth,  etc.",  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXX  (1916), 
p.  1315. 
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Tlie  pressure  required  to  move  the  disk  against  tlie  pressure,  p„,  on 
the  piston  ■vras  measured  on  the  gauges  attached  to  the  6-in.  cylinder 
placed  on  the  side  of  the  main  cylinder,  as  shown  diagrammatically  in 
Fig.  1  (h).    The  shear,  q,  on  the  face  of  the  disk  was  calculated.    The 


60  80  100  120         140  160         ISO 

Normal  Pressure,  in  Pounds  per  Square  Inch  =  P., 


relation  between  q,  p„,  4>,  and  Ic,  according  to  Cain,  is  g  ^  p„  tan. 
0  +  A-.  Graphical  representations  of  this  equation  for  standard  sands 
with  different  percentages  of  moisture  are  shown  in  Figs.  13,  14,  and 
15.     The  observed  data,  p„  and  q,  from  which  the  plats  were  made. 
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are  given  for  the  different  percentages  of  moisture,  each  value  recorded 
being  the  mean  of  five  tests.  The  shears,  q,  are  platted  as  ordinates, 
the  normal  pressures  as  abscissas.  The  slopes  of  the  straight  lines 
passing  through  the  platted  observations  represent  the  coefficient  of 
friction,  /  =  tan.  <f).  The  angles  between  the  different  lines  and  the 
Pn  axis  represent  the  different  values  of  the  angle  of  friction,  cf).  The 
intercept  on  the  q  axis  is  the  cohesion  factor,  k. 

In  the  list  of  observed  values  of  q  and  Pn  given  with  the  curves, 
the  shear,  q,  has  been  corrected  for  the  initial  friction  of  the  instru- 
ment from  hydrostatic  pressure  alone.  The  normal  pressure,  p„, 
represents  the  mean  pressure  on  the  large  piston,  as  determined  by 
the  beam  of  the  testing  machine.  The  values,  p„,  are  doubtless  influ- 
enced to  some  extent  by  the  friction  on  the  walls  of  the  earth  cylinder. 
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Fig.   15. 


and  cannot  be  considered  absolute  values  of  the  normal  pressures 
on  the  disk.  In  certain  tests  marked  A  the  normal  pressure  recorded 
is  that  at  the  surface  of  the  disk,  as  near  as  this  can  be  predicted 
from  independent  tests.  This  pressure  was  determined  on  the  assump- 
tion that  the  normal  pressure  recorded  by  the  gauge  in  the  case  of 
sand  is  identical  in  amount  with  a  hydrostatic  pressure  producing 
the  same  deflection  of  the  diaphragm. 

General  Remarks. — Your  Sub-Committee,  in  conclusion,  again 
wishes  to  call  attention  to  the  provisional  character  of  all  the  experi- 
mental data  which  have  thus  far  been  determined.  The  experimenters, 
up  to  the  present  time,  have  not  been  able  to  determine  definitely 
the  law  of  variation  of  the  wall  friction,  nor  to  obtain  an  adequate 
control  of  this  friction,  although  the  problem  is  being  carefully 
studied   experimentally.      The   coefficients   of   a   particular   sand   have 
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been  shown  to  depend  on  the  density.  The  few  experiments  which 
have  been  made  on  clay  show  that  the  viscosity  is  an  important  factor. 
The  foregoing  variables  are  believed  to  be  among  the  important  ones 
to  be  considered  in  standard  tests  of  earths. 


Pressure  Applied 
Gauge 


APPARATUS  FOR   MEASUREMENT 
OF  CONJUGATE   PRESSURES 


Lines  of  stress  „        -  „ 

(Conceptual) 
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BIBLIOGRAPHY. 

No  oxliau^tive  bibliography  of  this  subject  has  ever  been  published. 
The  following  lists  of  references  on  special  topics  or  on  allied  subjects, 
however,  are  of  considerable  value.  All  briefer  lists  of  references  have 
been  mentioned  in  connection  with  the  books  or  magazine  articles  which 
they  accompany. 

BALLEN,  DOROTHY,  comp.  Bihliopraphy  of  Road-Making  and  Roads  in  the  United 
KinKdom.  2S1  p.  1914.  P.  S.  King  and  Son,  London.  Extensive  bibliography. 
Classified,  and  has  author  and  subject  indexes.  Some  of  the  material  classed 
under  road  consti-uction  and  maintenance  is  of  interest  in  connection  with  the 
study    of    soils. 

BIBLIOGRAPHY    OF    PHYSICAL    PROPERTIES    AND    BEARING    VALUE   OF    SOILS. 

1915.  (Proceedings.  Am.  Soe.  C.  E.,  February,  1915,  Papers  and  Discussions, 
p.  497-51."?.)  Compiled  by  Carnegie  Library  of  Pittsburgh  for  Special  Com- 
mittee of  American  Society  of  Civil  Engineers.  Preliminary  printing  of  part 
of  the  material  in  the  present  list  but  without  classification.  Arranged  alpha- 
betically  by    authors. 

CARNEGIE  LIBRARY  OF  PITTSBURGH.  Floods  and  Flood  Protection.  44  p. 
1908.  Supplement,  19  p.  1911.  Classified  bibliography.  Has  a  section  on 
"Levees,"  including  considerable  material  on  silting,  bank  erosion,  and  protection. 

[1912]       (Report  of  the  Flood  Commission  of  Pittsburgh,  v.  1,   p.  397-432.) 

HASELER,  E.,  and  others.  Literature.  1905.  (Handbuch  der  Ingenieurwissen- 
schaften  pt.  1.  v.  2,  ed.  4,  rev.,  p.  40.'',-407.)  Lengthy  bibliography,  including 
earth    pressure,    slips,    foundations,    and    retaining    walls. 

JACOBY,  HENRY  S.,  and  DAVIS,  ROLAND  P.  Foundations   of  Bridges   and   Build- 

ings. 603  p.  1914.  McGraw-TIill  Book  Company.  Chapter  19,  p.  562-597, 
is  a  classified  bibliography  entitled  "References  to  Engineering  Literature," 
covering   all   branches   of   pile   and    foundation   work. 

ROYAL  SOCIETY  OF  LONDON.  Catalogue  of  Scientific  Papers,  1800-1900  ;  Sub- 
ject-index. V.  2,  Mechanics,  355  p.  1909.  "Motion  of  Solid  Bodies  in 
Viscous  Fluids."  p.  193.  "Pressure  of  Earth  and  Sand.  Embankments. 
Pressure    in    Mines.      Retaining    Walls.      Sand.      Stability,"    p.    351-354. 

YOUNG,    L.    E.,    and    STOEK,    H.    H.      Subsidence    Resulting    from    Mining.      205    p. 

1916.  (University  of  Illinois  Engineering  Experiment  Station,  Bulletin  91.) 
Contains  (p.  180-205)  a  classified  bibliography  covering  the  subject 
thoroughly. 

NATURAL   PHENOMENA. 

EROSION. 
See  also  Sedimentation  and  Silting. 

BARRELL,  JOSEPH.  Relations  Between  Climate  and  Terrestrial  Deposits.  1908. 
(Journal  of  Geology,  v.  16,  p.  159-190,  255-295,  363-384.)  Studies  for  stu- 
dents. The  terra  "terrestrial  deposits"  has  reference  here  to  fluvial  and  pluvial 
deposits.  Discusses  the  character  of  rocks  supplying  sediment,  relations  of 
rainfall,  temperature,  and  topography  to  erosion,  relation  of  sediments  to 
regions   of   deposition,    and    relations    of    climate   to    stream    transportation. 

BURR,  WILLIAM  A.  Resistance  of  Soils  to  Erosion  by  Water.  1894.  (Engi- 
neering News,  v.  31,  p.  124.)  Shows  that  value  of  soils  for  hydraulic  pur- 
poses  depends   on   proportions  of   sand   and    clay. 

CAMPBELL,  MARIUS  R.  Erosion  at  Base-Level.  1897.  (Bulletin,  Geological 
Society  of  America,  v.  8,  p.  221-226.)  Gives  present  conception  of  the  ulti- 
mate result  of  undisturbed  erosion,  discusses  peculiar  characters  not  explained 
by  present  theories,  and  advances  conclusions  respecting  the  extent  and  char- 
acter of   erosion   at  base-level. 

CASE,  GERALD  O.  Coast  Erosion  and  Protection  on  Long  Island  and  Xew 
Jerscv.  11  diag.,  4  HI.  1915.  (Enaineering  News,  v.  74,  p.  348-351,  388- 
391,  438-442.)  Analysis  of  the  causes  of  the  littoral  drift  of  sand  along  the 
coast,  and  of  formation  of  sand  spits  and  islands.  Takes  up  in  detail  the 
causes  of  coast  erosion  and  gives  theory  and  behavior  of  sand  dunes.  Dis- 
cusses   coast    protection    work. 

CHURCH,  IRVING  P.  Mechanics  of  Engineering,  rev.  ed.  854  p.  1908.  Includes 
a  section  on  "  "Transporting  Power',  or  Scouring  Action  of  a  Current,"  p. 
830-832,    in   which   formulas   are  discussed. 
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C0NCRETE=P1LE  DIKE  FOR  RIVER  BANK  REVETMENT.  1909.  (Engineering 
Record,  v.  59,  p.  104-105.)  Gives  method  of  construction  and  costs  for  build- 
ing concrete-pile  dikes  along  the  Missouri  Rver.  These  dikes,  in  connection 
with  brush  mattresses  and  stone  ballast,  are  used  as  revetment  to  protect  the 
banks  from  scour.  The  timber-pile  dikes  previously  used  had  too  high  a 
maintenance   cost. 

DAVIS,  R.  O.  E.  Economic  Waste  from  Soil  Erosion.  1913.  (Yearbook,  United 
States  Department  of  Agriculture,  1913,  p.  207-220.)  Outline  of  the  processes 
and  causes  of,  and  remedies  for,  soil  erosion. 

DOLE,  R.  B.,  and  STABLER,  H.  Denudation.  1909.  (United  States  Geological 
Survey.  Water  Supply  Paper  No.  234.  P-  78-83.)  Presents  estimates  as  to 
the   rate  of   denudation   in   the   United    States. 

Abstract.      1909.      (Science,  n.  s.,  v.  29,  p.  313.) 

DUNN,  E.  J.  Pebbles.  122  p.,  76  pi.  1911.  Robertson.  Chapter  6,  "Transport  of 
Pebbles,"  p.  56-67,  discusses  action  of  gravitation,  ice,  flowing  water,  wind,  and 
other  agencies. 

DUPARC,  L.,  and  BAEFF,  B.  Sur  rBrosion  et  le  Transport  dans  les  Rivieres 
Torrentielles  Ayant  des  Affluents  Glaciaires.  1891.  (Comptes  Rendus  Heb- 
domadaires  des  Seances  de  I'Academie  des  Sciences,  v.  113,  p.  235-237.)  Results 
of  extensive  observations. 

DUROCHER,  J.  Observations  sur  les  Phenomenes  d'Erosions  et  les  Depots  de 
Transport  de  la  Scandinavie.  1846.  (Comptes  Rendus  Hebdomadaires  des 
Seances  de  I'Academie  des  Sciences,  v.  23,  p.  206-210.) 

ELLIS,  DON  CARLOS.  Working  Erosion  Model  for  Schools.  6  p.  1912.  (United 
States  Department  of  Agriculture.  Experiment  Stations,  Circular  117.)  De- 
scribes a  working  erosion  model  designed  to  illustrate  graphically  the  relative 
action  of  rainfall  on  bare  and  on  wooded  hills.  Adapted  for  use  in  schools, 
for  study  in  agriculture,  physical  geography,  etc.  Gives  bill  of  material  for 
construction    of   the   model. 

ENGELS,  H.  Das  Flussbau-laboratorium  der  Konigl.  technischen  Hochschule  in 
Dresden.  3  pi.  1900.  (Zcitschrift  fiir  Bauwesen,  v.  50,  p.  343-360.)  For 
the  studies  of  formation  of  natural  courses  and  movements  of  solids.  De- 
scribes the  laboratory,  the  measuring  devices,  and  gives  results  thus  far 
accomplished. 

ENGELS,  H.  Untersuchungen  iiber  die  Bettausbildung  gerader  oder  Schwach 
gekriimmter  Flussstrecken  mit  beweglicher  Sohle.  2  diag.,  5  pi.  1905.  (Zeit- 
schri-ft  fiir  Bauioesen,  v.  55,  p.  663-680.) 

ENGELS,  H.  Untersuchungen  iiber  die  Wirkung  der  Stromung  auf  sandigen  Boden 
unter  dem  Einflusse  von  Querbauten.  2  diag.,  2  pi.  1904.  (Zcitschrift  fiir 
Bauioesen,   v.    54,    p.    449-468.) 

FREE,  E.  E.,  and  WESTGATE,  J.  M.  Control  of  Blowing  Soils.  20  p.  1910. 
(United  States  Department  of  Agriculture,  Farmers'  Bulletin  Jt21.)  Discusses 
causes  of  excessive  blowing  of  soil,  and  offers  remedies.  Includes  both  tilled 
and   unfilled   soils. 

FREE,  E.  E.  Movement  of  Soil  Material  by  the  Wind.  272  p.  1911.  (United 
States  Soils  Bureau,  Bulletin  68.)  "Bibliography  of  Eolian  Geology",  by  S.  C. 
Stuntz  and  E.  E.  Free,  p.  172-272.  A  very  thorough  manuscript  on  the  sub- 
ject, giving  many  references  to  original  sources.  Treats  on  translocating  agents 
in  general,  on  mechanics  of  wind  translocation,  drifting  sand  and  sand  dunes, 
dust'  storms,  dust  falls,  etc. 

GILBERT,  G.  K.  Colorado  Plateau  Province  as  a  Field  for  Geological  Study.  3  ill. 
1876.  (American  Journal  of  Science  and  Arts.  v.  112,  p.  16-24,  85-103.) 
Erosion  of  the  Colorado  canons,  p.  89-103.  Valuable  contribution  on  the 
subject.  Calls  attention  to  the  fact  that  the  same  expenditure  of  energy 
will  transport  a  greater  weight  of  fine  particles  than  of  coarse  ones  of  the 
same    density. 

Abstract.      1876.      (Engineering    News,    v.    3,    p.    266-268.) 

HAVES,  C.  WILLARD.  Overthrust  Faults  of  the  Southern  Appalachians.  1891. 
(Bulletin,  Geological  Society  of  America,  v.  2,  p.  141-154.)  "Hypothesis  of 
Erosion   Prior   to   Thrust,"    p.    149. 

KIRSCH,  B.  Ueber  den  Flussigkeitsgrad  fester  Korper.  2  diag.  1896.  (Zeit- 
schrift,  Oesterreichischen  Ingenieur-  und  Architekten-Vereines,  v.  48,  p.  156- 
159.)      Theoretical  discussion  of  erosive  processes  in  solids. 

KREUTER,  F.  Untersuchung  iiber  die  natiirliche  Gleichgewichtform  beweglicher 
Flussbeten  und  die  naturgemasse  herstellung  kiinstlicher  Uferboschungen. 
5  diag.,  2  ill.  1904.  (Zcitschrift.  Oesterreichischen  Ingenieur-  und  Archi- 
tekten-Vereines,   V.    56.    pt.    2,    p.    670-672.) 
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LEVERETT,   FRANK.      Weathering  and  Erosion  as  Time    Measures.     7  diag.      1909. 

(.l/(!().(<!)i  Journal  of  Science,  v.  177,  ser.  4,  v.  27,  p.  349-368.)  Discusses 
the  erosion  and  weathering  to  which  the  drift  sheets  have  been  subjected  as 
criteria  for  distinguisiiins  them  and  determininK  their  chronology  and  the 
correlation  between  tlie  drift  sheets  of  Europe  and  America. 
LOGIN,  T.  Abrading  and  Transporting  Power  of  Water.  2  diag.  1870.  (Nature, 
V.  1.  p.  629-G30,  6.54-655  ;  v.  2,  p.  72-73.)  Discusses  mechanical  properties 
and    friction   of   water,    and    draws   conclusions. 

McOEE,  W.  J.  Outlines  of  Hydrology.  1908.  (Bulletin,  Geological  Society  of 
America,  v.  19,  p.  193-220.)      Soil  erosion,  p.  199. 

McGEE,  W.  J.  Sheetflood  Erosion.  1897.  (Bulletin,  Geological  Society  of  America, 
V.  8,  p.  87-112.) 

McGEE,  W.  J.  Soil  Erosion.  60  p.,  33  pi.  1911.  (United  States  Soils  Bureau, 
Bulletin  71.)  Written  primarily  from  the  agriculturist's  standpoint.  Discusses 
the  agencies  producing  soil  erosion. 

McKINLAY,  WILLIAM  B.  Palls  of  Rock  from  Mountains.  1903.  (Engineering 
and  Mining  Journal,  v.  75,  p.  890.)  Letter  referring  to  note  (p.  811)  which 
attributes  the  frequency  of  rock  falls  at  night,  to  freezing  of  water.  Writer 
thinks   that   the   chief   cause   in    the   tropics   is   the   heavy    night   rains. 

MATTHEWS,  ERNEST  R.  Coast  Erosion  and  Protection.  147  p.,  ill.  1913. 
Griffin.  Mainly  descriptive  of  work  in  foreign  countries  where  the  problem 
has  received  more  attention  than  in  the  United  States.  Has  chapters  on  wave- 
action   and   on   erosion   and   accretion,    but   deals   chiefly   with   sea-walls. 

MISSISSIPPI — GEOLOGICAL  SURVEY,  Our  Waste  Lands:  a  Preliminary  Study 
of  Erosion  in  Mississippi  ;  by  E.  N.  Lowe,  with  an  appended  Address  on  Mis- 
sissippi's Agricultural  Potentialities,  by  Dr.  W.  J.  McGee.  23  p.  1910.  Popular 
discussion  of  the  evils  of  surface  erosion. 

OCKERSON,  J.  A.  Erosion  of  River  Banks  on  the  Mississippi  and  Missouri  Rivers. 
8  pL.  2  tables.      1893.      (Transactions,  Am.  Soc.  C.  B.,  v.  28,  p.  396-424.) 

Discussion.      (Transactions,  Am.  Soc.  C.  E.,  v.  31,  p.  1-2S.) 

POWELL,  MAJOR.  On  the  Erosive  Power  of  Rivers.  1888.  (Railroad  Gazette, 
V.    20,    p.    605.) 

REHBOCK,  THEODOR.  Das  Flussbau-laboratorium  der  Grossherzoglichen  technischen 
Hochschule  "Fridericiana"  in  Karlsruhe.  6  dr.,  5  ill.,  5  pi.  1903.  (Zeit- 
schrift  fiir  Bauwesen,  v.  53,  p.  103-106.)  Describes  a  well-equipped  labora- 
tory for  studies  of  the  flow  of  water  in  channels,  and  of  formation  of  natural 
watercourses. 

SHELFORD,  WILLIAM.  On  Rivers  Flowing  into  Tideless  Seas,  Illustrated  by  the 
River  Tiber.  1885.  (Mi7Mites  of  Proceedings,  Inst.  C.  E.,  v.  82,  p.  2-68.)  Dis- 
cussion presents  valuable  data  on  erosion  and  transportation  of  solids  in  many 
rivers.  Mr.  Airy  develops  a  formula  for  transportation  of  solids  under  various 
conditions.  Results  of  Blackwell's  experiments  performed  in  1857  are  also 
given,  p.  48. 

SMITH,  J.  RUSSELL.  Soil  Erosion  and  Its  Remedy  by  Terracing  and  Tree  Planting. 
1914.  (Science,  v.  62,  n.  s.,  v.  39,  p.  858-862.)  Discusses  factors  tending  to 
increase  soil  erosion  in  American  agriculture,  and  factors  in  erosion  control! 
Shows  that  tillage  of  field  crops,  particularly  corn,  cotton,  and  tobacco,  prepares 
land  for  erosion.      Favors  giving  more  attention  to  tree  crops  for  food. 

STERNBERG,  H.  Untersuchungen  iiber  Langen-und  Querprofll  geschiebefiirender 
Fliisse.      6   diag.,   2   pi.      1875.      (Zeitschrift   fiir  Ba.uwesen,   v.   25,   p.   483-506.) 

STEVENSON,  DAVID.  Principles  and  Practice  of  Canal  and  River  Engineering, 
ed.  3.,  406  p.  1886.  Includes  chapter  on  "Reclamation  and  Protection  of 
Land."  Discusses  erosion,  quantity  of  sediment,  and  size  of  particles  carried  by 
streams,  etc. 

THOULET,  J.  Sur  un  Mode  d'Erosion  des  Roches,  par  I'Action  Comblnge  de  la 
Mer  et  de  la  Gelee.  1886.  (Comptes  Rendus  Hebdomadaircs  des  Seances  de 
I'Academie  des  Sciences,  v.  103,  p.  1193-1194.) 

WHEELER,  WILLIAM  HENRY.  Sea-coast ;  Destruction,  Littoral  Drift,  Protection. 
361    p.      1902.      Longmans,    London. 

SEDIMENTATION   AND   SILTING. 

See  also   Erosion. 

ABBOT,  HENRY  L.  Physics  of  the  Mississippi  River  ;  a  Letter  ...  in  Reply  to  the 
Article  of  .lames  B.  Eads.  1879.  (Van  Nostrand's  Engineering  Magazine,  v. 
20,  p.  1-6.)  Defends  facts  and  conclusions  recorded  in  Humphreys  and 
Abbot's  report,  and  considers  criticism  by  Eads  unwarranted  and  inaccurate. 
See  also  Eads,  v.  19.  p.  211-229  ;  v.  21,  p.  154-158. 
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BABB,  CYRUS  C.  Sediment  of  the  Potomac  River.  1893.  (Science,  v.  21,  p. 
342-343.)  Gives  results  of  measurements  at  gauging  station  of  the  United 
States  Geological  Survey. 

Condensed.      1893.      {Engineo-ing  News,  v.  30,  p.  342-343.) 

BADOUREAU,  A.  Theorie  de  la  Sedimentation.  1890.  (ComjUcs  Rendns  Heb- 
ctomadaires  des  Seances  de  I'Academie  des  Sciences,  v.  Ill,  p.  621-622.) 
Mathematical  theory  based  on  the  experimental  work  of  Thoulet. 

BARUS,  CARL.  Subsidence  of  Pine  Solid  Particles  in  Liquids.  51.  p.  1886. 
(United  States  Geological  Survey,  Bulletin  36.)  Discusses  effect  of  temperature 
and  precipitants  on  subsidence  and  dependence  of  rate  of  subsidence  on  order  of 
surface,  concentration  and  turbidity. 

BARUS,  CARL.  Subsidence  of  Fine  Solid  Particles  in  Liquids.  1889.  (American 
Journal  of  Science,  v.  137,  p  122-129.)  Theoretical  and  experimental  study, 
continuing  work  described  in  preceding  reference. 

BAUMGARTEN.  Notice  sur  la  Portion  de  la  Garonne  qui  s'Etend  en  Aval  de 
rEmbouehure  du  Lot  dans  le  Departement  de  Lot-et-Garonne,  et  sur  les  Travaux 
qui  y  ont  ete  Executes  de  1836  &  1847.  (Annales  des  Fonts  et  Chaussees,  ser.  2, 
V.  16,  p.  1-157.)  Contains  extensive  tests  and  numerous  data  on  transporta- 
tion of  solids  by  Garonne  River.  Discusses  various  methods  of  movement  com- 
mon to  these  solids. 

BELLASIS,  E.  E.  Hydraulics,  with  Working  Tables.  303  p.  1903.  Rivington, 
London.      "Movement  of   Solids   by   a   Stream,"   p.   36-39,   177-180. 

BELLASIS,    E.    S.      River    and    Canal    Engineering.      215    p.      1913.      Spon,    London.' 
"Silting  and    Scouring  Action   of   Streams,"    p.    27-47.      "Methods   of   Increasing 
or  Reducing  Silting  or  Scour,"  p.   48-59. 

BERARD.  Note  sur  la  Marche  des  Plotteurs  dans  les  Courants.  1  diag.  1886. 
(Annales  des  Fonts  et  Chauss4es,  ser.  6,  v.  12,  p.  830-835.)  Results  of 
experiments. 

BLERZY,  H.  Le  Bassin  du  Mississippi.  1879.  (La  Nature,  v.  13,  p.  182-186.) 
Presents  data  as  to  transportation  of  silt  in  Mississippi  River. 

BRANNER,   JOHN  C.      Observations   upon  the  Erosion   in  the  Hydrographic   Basin  of 

the  Arkansas   River  above  Little   Rock.      (Annual   Report,   Geological   Survey  of 

Arkansas,    1891,    v.    2,    p.    158-166.)      Discusses    transportation    of    sediment  in 
streams. 

BREWER,  WILLIAM  H.  On  the  Subsidence  of  Particles  in  Liquids.  1883. 
(Memoirs,  National  Academy  of  Sciences,  v.  2,  p.  163-175.)  Discusses  sus- 
pension of  sediment  in  liquids  at  rest.  Considers  possible  formation  of  colloidal 
compounds  with  the  suspended  clay. 

BREWER,  WILLIAM  H.  On  the  Suspension  and  Sedimentation  of  Clays.  1885. 
(American  Journal  of  Science,  v.  129,  p    1-5.) 

BROWN,    ANDREW,    and    DICKESON,    M.    W.      Sediment    of    the    Mississippi    River. 

1848.      (Proceedings,    Am.    Assoc,    for    the    Advancement    of    Science,    v.    1,    p. 

42-54.)      Report  to  the  Association.      Discusses  quantity  of  water  discharged  by 

the  Mississippi  River  and  the  proportional  quantity  of  sediment  contained  in  it. 
'CHARLON,    EM.     Note    sur    une    Formule    Permettant    de    Calculer    la   Vitesse    d'un 

Torrent    d'apres    la    Grosseur    des    Materiaux    Transportes.     1890.      (Le    Genie 

Civil,  V.  17,  p.  170-171.) 

Ab.stract.     1890.      (Minutes  of  Froceedings,  Inst.   C.  E.,  v.  102,   p.   350.) 

CORNISH,  VAUGHAN.  Waves  of  the  Sea  and  Other  Water  Waves.  374  p.  ill. 
1910.  Unwin.  Deals  with  size  and  speed  of  deep-sea  waves  ;  action  of  sea 
waves  In  transporting  shingle,  sand,  and  mud  ;  stationary  and  progressive  waves 
in  rivers. 

CUNNINGHAM,  ALLAN.  Recent  Hydraulic  Experiments.  12  diag.  1882.  (Minutes 
of  Proceedings,  Inst.  C.  E.,  v.  71,  p.  1-94.)  Describes  the  Roorkee  hydraulic 
experiments.  A  series  of  observations  on  the  Ganges  Canal  were  made  to 
determine  the  quantity  of  sediment  carried  and  its  distribution  in  the  cross- 
section. 

Condensed  slightly.      1883.      (Van  Nostrand's  Engineering  Magazine,  p.  320-339, 

353-370.) 

CUNNINGHAM,  E.  On  the  Velocity  of  Steady  Fall  of  Spherical  Particles  through 
Fluid  Medium.  1  diag.  1910.  (Proceedings,  Royal  Society  of  London,  ser.  A, 
V.  83,   p.   357-365.) 

DEACON,  G.  F.  [Observations  on  the  Transport  of  Sand  by  Running  Water.] 
2  diag.  1894.  (Minutes  of  Froceedings,  Inst.  C.  E.,  v.  118,  p.  93-95.)  In 
discussion  of  Leveson  Francis  Vernon-Harcourt's  paper :  "The  Training  of 
Rivers,  Illustrated  by  the  Results  of  Various  Training-works."  Experiments 
on  the  action  of  flowing  water  on  a  bed  of  sand. 
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DU  BOYS,  P.  Le  RhOiio  et  les  Rivit^res  a  Lit  Affouillable.  Etude  du  R6glme  du 
Rh6ne  et  (le  I'Action  Exeri-eo  par  les  Eaux  sur  im  Lit  a  Fond  do  Graviers 
Indenninieiit  Affouillable.  1  pi.  1879.  {Annales  des  Fonts  et  Chauss^es 
ser.  5,  V.  18,  p.  l-U-195.)  ' 

DURAND-CLAYE,  ALFRED.  De  rKntrainement  et  de  Transport  par  les  Eaux 
Couraiites  des  Vases,  Sables,  et  Graviers.  6  diag.  1885.  (Annalca  (Us  Potils  et 
Chuiisscea,  ser.  6,  v.  10,  p.  1165-1178.)  Analysis  of  L.  L.  Vauthier's  work 
on  the  subject. 

DURHAM,  WILLIAM.  Suspension  of  Clay  In  Water.  1874.  (Chemical  Ncivs, 
V.  ;:o,  p.  57.)  Abstract  of  a  paper  read  before  the  Royal  Physical  Society  of 
Edinburgh. 

EADS,  JAMES  B.  Hydrology  of  the  Mississippi ;  a  Reply  to  Gen.  Abbot.  1879. 
(Van  Xoslrand's  Enqineerinq  Maqazine,  v.  21,  p.  154-158.)  See  also  Abbot 
V.  20,  p.   1-6;   Eads,  v.  20,  p.  211-229. 

EADS,  JAMES  B.  Hydrology  of  the  Mississippi  River  ;  Review  of  Report  by 
Humphreys  and  Abbot.  1878.  (Vnn  Nostrand's  Enyinccring  Magazine,  v.  19, 
p.  211-229.)  Severely  criticizes  report  of  Humphreys  and  Abbot,  particularly 
the  claim  that  the  quantity  of  earthy  matter  held  in  suspension  was  not 
dependent  in  any  way  on  the  velocity  of  the  current.  See  reply  by  Abbot  (v. 
20,  p.  1-6)  ;  also  K&As  (v.  21,  p.  154-158). 

FARGUE.  Etude  sur  la  Largeur  du  Lit  Moyen  de  la  Garonne.  1882.  (Annales 
des  Fonts  et  Chaussecs,  ser,  6,  v.  4,  p.  301-328.) 

F.ARQUE.  Experiences  Relatives  a  I'Action  de  I'Eau  Courante  sur  un  Fond  de 
Sable.     1894.      (Annales  des  Fonts  et  Cliaussees,,  ser.  7,  v.  7,  p.  426-466.) 

FLAMANT.       Compte     Rendu     des     Experiences     Hydrauliques     Faites  II     Roorkee. 

1882.      (Annates  des  Fonts  et  Chau^sees,   ser.    6,  v.   4,   p.   43-96.)  "Sediment," 

p.  82-83.     Critical  review  of  Major  Cunningham's  experiments  on  the     Ganges 
Canal,   India. 

FORSHEY,    C.    G.      Physics    of   the    Lower  Mississippi    River.  1877.      (Froceedings, 

-Am.    Assoc,    for    the    Advancement    of  Science,    v.    26,    p.  148-173.)      Discusses 

quantity    and    quality    of    sedimentary  matter   carried    by  stream,    formation    of 
bars,    erosion   of   river   banks,    etc. 

FRANCIS,  JAMES  B.  On  the  Cause  of  the  Maximum  Velocity  of  Water  Flowing 
in  Open  Channels  being  Below  the  Surface.  1878.  (Transactions,  Am.  Soc. 
C.  E.,  v.  7,  p.  109-113,  168.)  Seeks  to  explain  the  suspension  of  sediment  in 
streams   by  the  presence  of  a  continuous  upward   flow  of  the  water  at  the   bed. 

FREE,  E.  E.  Phenomena  of  Flocculation  and  Deflocculation.  3  diag.,  4  ill.  1910. 
(Journal,  Franklin  Inst.,  v.  169,  p.  421-438;  v.  170,  p.  46-57.)  "Bibliog- 
raphy," p.  54-57.  Outlines  the  present  knowledge  of  the  phenomena  of 
flocculation  of  particles  suspended  in  water  into  aggregates.  Discusses  effect 
of  various  external  conditions,  mainly  the  presence  or  absence  of  soluble  salts, 
acids,  alkalies,  and  organic  colloids.  An  appendix  discusses  the  phenomena  of 
flocculation   in   soils. 

GILBERT,  G.  K.  Transportation  of  Debris  by  Running  Water.  263  p.  ill.  1914. 
(United  States  Geological  Survey,  Frofessional  Paper  86.)  Based  on  experi- 
ments at  Berkeley,  Cal.,  with  the  assistance  of  Edward  Charles  Murphy.  Finer 
debris  is  borne  in  suspension  and  quantitative  measurement  is  not  difficult. 
Primary  purpose  of  this  investigation  was  to  determine  the  laws  controlling  the 
movement  of  coarser  material  swept  along  the  channel  bed,  especially  the 
relation  of  the  load  to  the  stream's  slope  and  discharge,  and  to  the  degree  of 
comminution  of  the  debris.  Velocities  at  stream  bed  were  not  satisfactorily 
measured.  Experiments  were  made  with  both  straight  and  crooked  channels, 
and  with  both  natural  beds  and  flumes. 

GILBERT,  G.  K.  Transportation  of  Detritus  by  Yuba  River.  1908.  (Bulletin, 
Geological  Society  of  America,  v.  18,  p.   657-659.) 

GILBERT,  G.  K.  United  States  Geological  Survey's  Hydraulic  Laboratory  at 
Berkeley,  Cal.  1908.  (Science,  v.  50,  n.  s.,  v.  27,  p.  469.)  Outlines  briefly 
experimentation  to  determine  quantitatively  the  laws  controlling  the  transporta- 
tion of  detritus  by  running  water. 

GRAHAM,  JAMES  C.  On  a  Peculiar  Method  of  Sand-Transportation  by  Rivers. 
1890.  (American  Journal  of  Science,  v.  140,  p.  476.)  Discusses  an  instance 
of  the  "transportation  of  siliceous  sand  upon  the  surface  of  the  water,  due  to 
capillary  floating."  "Coarse  sand  can  be  floated  away  by  a  current  of  far 
less  velocity  than  0.45  miles  per  hour.  .  .  .  Indicates  a  possible  explanation  of 
the  coarser  particles  of  sand  occasionally  found  in  otherwise  very  fine  deposits." 

GRAS,  SCIPION.  Etudes  sur  les  Torrents  des  Alpes.  1857.  (An7iales  des  Fonts 
et  Chaussces,  ser.  3,  v.  14,  p.  1-96.)  Brings  out  the  idea  of  saturation  with 
solid  material.  Defines  saturation  in  a  stream  as  that  state  at  which  the  least 
addition  to  the  solid  material  already  carried  will  cause  a  deposit ;   and  carry- 
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ing  power  ("entrainement")  as  the  total  weight  of  material  which  a  given 
stream  in  a  state  of  saturation  can  carry.  He  assumes  this  power  to  vary 
directly  with  the  velocity,  density,  and  depth  of  the  water,  and,  these  quantities 
remaining  constant,  to  vary  with  the  volume,  density,  and  form  of  solids.  On 
these  principles  he  explains  erosion  as  a  necessary  consequence,  when  the 
saturation  corresponding  to  the  actual  velocity  is  incomplete. 

GUERARD,  ADOLPHE.  Mouth  of  the  River  Rhone.  3  diag.,  1  pi.  1885.  (Min- 
utes of  Proceedintis,  Inst.  C.  E.,  v.  82,  p.  305-336.)  Presents  data  on  silt 
transportation.  Believes  that  most  of  the  solid  matter  discharged  by  the  Rh6ne 
is  pushed   along   its  bed. 

HAZEN,  ALLEN.  On  Sedimentation.  2  diag.  1904.  (Transactions,  Am.  See. 
C.  E.,  V.  53,  p.  45-88.)  With  discussion.  Reviews  Seddon's  work  on  the 
subject,  and  discusses  a  number  of  assumptions  for  a  theory  of  the  process  of 
sedimentation. 

HILL,  LOUIS  C.  Solving  the  Silt  Problem.  1914.  (Engineering  Record,  v.  70, 
p.  609-610.)  Reservoirs  suggested  as  a  remedy  for  muddy  streams  used  for 
irrigation  purposes,  where  the  silt  would  otherwise  tend  to  clog  the  irrigation 
canals. 

HOOKER,  ELON  HUNTINGTON.  Suspension  of  Solids  in  Flowing  Water.  1896. 
(Transactiuns,  Am.  Soc.  C.  E.,  v.  36,  p.  239-324.)  Discussion  and  cor- 
respondence, p.  325-339.  Attributes  suspension  of  sediment  in  flowing  water 
to  three  causes:  (1)  resultant  upward  thrust  due  to  eddies,  caused  by  the 
irregular  profile  of  the  earth  beneath,  (2)  resultant  upward  motion  of  solids 
due  to  fact  that  an  immersed  body  tends  to  move  faster  than  the  mean  velocity 
of  the  displaced  water  and  in  such  motion  tends  to  follow  the  line  of  least 
resistance,  (3)  viscosity  of  the  water.  Theories  and  process  of  suspension  of 
solids    are    studied.      Gives    considerable   attention   to   historical    side   of    subject. 

HUMPHREYS,  A.  A.  Improvement  of  the  Entrance  to  the  Mississippi  River  by 
Jetties.  (Annual  Report  [U.S.],  Chief  of  Engineers,  1875,  pt.  1,  p.  959-964.) 
Discusses  formation  of  bars  by  deposition  of  sediment  where  water  from  river 
meets  salt  water. 

HUMPHREYS,  A.  A.  Report  of  the  Chief  of  Engineers  [on  the  Ship  Canal  from 
the  Mississippi  River,  near  Fort  St.  Philip,  to  Isle  au  Breton  Pass].  (Annual 
Report  [U.S.],  Chief  of  Engineers,  1874,  pt.  1,  p.  854-867.)  Discusses  sedi- 
ment in  rivers,   and   its  transportation  and  deposition. 

HUNT,  T.  STERRY.  Deposition  of  Clays.  1874.  (Proceedings,  Boston  Society  of 
Natural  History,  v.  16,  p.  302-304.)  Discusses  the  conditions  under  which 
clay   in    suspension    will   settle. 

JASMUND,  R.  Die  Regulirung  der  Rhone.  5  diag.,  3  pi.  1900.  (ZeitscKriift 
fiir  Bamvesen,  v.  50,  p.  249-290.)  Gives  the  quantities  of  silt  and  debris 
carried   by  the  river. 

JOHNSON,  J.  B.  Results  of  Sand  Wave  and  Sediment  Observations.  (Annual 
Report  [U.  S.],  Chief  of  Engineers,  1879,  pt.  3,  p.  1963-1970.)  Daily  sedi- 
ment observations  were  taken,  and  calculations  made  therefrom. 

JOHNSON,  J.  B.  Three  Problems  in  River  Physics.  1884.  (Proceedings,  Am. 
Assoc,  for  the  Advancement  of  Science,  v.  33,  p.  276-288.)  First  of  three 
problems  discussed  is  "The  Transportation  of  Sediment  and  the  Formation  and 
Removal  of  Sand-bars."  Considers  means  of  transportation  of  sediment,  (1)  by 
continuous  suspension,  (2)  by  discontinuous  suspension,  (3)  by  rolling  along 
the  bottom. 

JOLLOIS.  Demonstration  Experimentale  de  la  Puissance  de  Suspension  de  I'Eau 
en  Mouvement.      1893.      (Le   Genie  Civil,  v.  22,   p.   278-279.) 

Condensed  translation,      1893.      (Engineering  News,  v.   29,   p.   283.) 

LEACH,  SMITH  S.  Report  ...  on  Observations  at  Carrollton,  La.,  December,  1879, 
to  October,  1880.  (Annual  Report  [U.S.],  Chief  of  Engineers,  1883,  pt.  3, 
p.    2209-2225.)      Includes    velocity    measurements,    and    sediment    observations. 

LECHALAS.  Note  sur  les  Rivieres  a  Fond  du  Sable.  1871.  (Annales  des  Pants 
et  Chaussees,  ser.  5,  v.  1,  p.  381-431.)  Valuable  paper,  abstracted  by 
"Gilbert"  and  by  "Hooker".  Takes  exception  to  the  theory  attributing  sus- 
pension to  the  phenomenon  of  relative  velocities.  He  urges  that  this  assumes 
flow  in  parallel  filaments  which  corresponds  in  no  wise  to  movements  under 
great  velocities.  His  explanation  attributes  suspension  to  repeated  shocks  from 
the  molecules  of  water  moving  more  rapidly  than  the  suspended  body,  and  to 
the  action  of  eddies  caused  by  the  banks  and  bottom.  Attempts  to  derive 
numerical  results  for  the  values  of  the  mean  depth,  mean  velocity,  and  fall,  in 
alluvial  rivers,  which  will  follow  the  contraction  in  width  throughout  a  given 
length  by  training  walls. 

LEINER.  Zur  Erforschung  der  Geschiebe-  und  Sinkstoffbewegungen.  9  diag.,  4 
dr.  1912.  (Zeitschrift  fiir  Bauiveseri,  v.  62,  p.  489-516.)  Describes  apparatus 
and  methods  of  measuring  silt  movements. 
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McMATH,  ROBERT  E.  Mississippi  as  a  Silt  Bearer.  1879.  (Van  Nostrand'8 
Kniiiiicct  iti(j  Maiimine,  v.  20,  p.  218-234.)  Detailed  discussion  of  observed 
facts  ami  measurements. 

McMATH.  ROBERT  E.  Silt  Movement  by  the  Mississippi;  Its  Volume,  Cause,  and 
Conditions.  1882.  (Journal,  Assoc.  Eng.  Soc,  v.  1,  p.  26G-275.)  Considers 
volume  of  solid  matter  borne  by  river,  mode  of  its  conveyance,  and  conditions 
of  deposit  and   removal. 

188.'?.      (V(tn  Nostrand's  Engineering  Mafja^ine,  v.  28,  p.  32-39.) 

McMATH,  ROBERT  E.  Theory  and  Application  of  the  Permeable  System  of 
Works  for  the  Improvement  of  Silt-bearing  Rivers.  1879.  (Engineering  Neivs, 
V.  C,  p.  353-35.^.)  Gives  views  of  writer,  in  form  of  skeleton  argument,  to 
show  that  in  silt-bearing  streams  "moving  material  may  be  arrested  and  con- 
trolled as  to  location  and  forms  of  deposit  by  artificial  means,  and  rendered 
permanent  in  such  location  and  form." 

MOLLER,  M.  Wasserkliiruug  durch  Absetzen.  5  diag.,  4  dr.  1890.  (Schil- 
Hnn's  Journal  fur  Gasbclcuchtung  und  Verivniidte  Belcuchtungsarten  sowie  fiir 
^\'asservcrsorgung,   v.    33,    p.    8-13,    30-33.)      Seddon's   theory    of    sedimentation. 

MOLLER,  M.  Zum  Studium  des  Flussbaues.  Die  Stosscraft  des  Wassers,  die 
Festigkeit  der  Sohle,  das  Gelfiille,  das  Geschiebe  und  die  Bewegung  feinerer 
Sinkstoffe.      2    diag.      1890.      (Zcitschrift    fiir   Bauwescn,   v.    40,    p.    481-504.) 

NAGLE,  J.  C.  Progress  Report  on  Silt  Measuremeats.  1902.  (United  States 
Department  of  .Agriculture.  Experiment  Stations,  Bulletin  lOJ/,  p.  293-324.) 
Irrigation  investigations  for  1000.  Reports  results  of  observations  on  silt  con- 
ditions, principally  on  the  Brazos  and  Wichita  Rivers,  Texas.  Includes  test 
methods  and  test  data,   and  suggests  remedies  for  silt  problem. 

NAOLE,  J.  C.  Second  Progress  Report  on  Silt  Measurements.  1902.  (United 
States  Department  of  Agriculture.  Experiment  Stations,  Bulletin  119,  p.  365- 
392.)  Irrigation  investigations  for  1901.  Reports  results  of  ob«;ervations  on 
silt  conditions,  principally  on  the  Brazos  and  Wichita  Rivers,  Texas.  Includes 
test  methods  and  test  data,  and  suggests  remedies  for  silt  problem. 

NAQLE,  J.  C.  Third  Progrc'^s  Report  on  Discharge  and  Silt  Measurements  on 
Texas  Streams.  1903.  (United  States  Department  of  Agriculture.  Experiment 
Stations,  Bulletin  133,  p.  196-217.)  Irrigation  investigations  for  1902. 
Reports  results  of  observations  on  silt  conditions  in  several  Texas  streams. 
Includes   test  methods  and  test  data,   and  suggests   remedies  for  silt  problem. 

PARTIOT,  HENRI  LEON.  Estuaries.  1  pi.  1894.  (Minutes  of  Proceedings,  Inst. 
C.   E.,  V.   118,   p.   47-77.)      Abridged   translation   from   the  French. 

PIERCE,  RAYMOND  C.  Measurement  of  Silt-laden  Streams.  1916.  (United 
State  Geological  Survey.  Water  Siippli/  Paper  J/OO-C,  p.  39-51.)  Briefly 
describes  the  San  Juan  River  and  the  gauging  station  established  by  the  United 
States  Geological  Survey  about  100  miles  above  the  mouth  of  the  river. 
Describes  the  methods  used  in  overcoming  the  difficulties  encountered  in  making 
discharge  measurements  of  a  stream  having  high  velocities,  large  quantities  of 
drift,  shifting  channel,  and  rapid  fluctuations  in  its  stage.  Gives  results  in 
form  of  tables  and  curves. 

[REPORT  OF]  MISSISSIPPI  RIVER  COMMISSION.  1883.  (Annual  Report, 
[U.  S.]  Chief  of  Engineers,  pt.  y,,  p.  2111-2375.)  Extended  observations  on 
sediment  movement  and  sand  wavts. 

REPORT  OF  THE  MISSOURI  RIVER  COMMISSION.  1887.  (Annual  Report, 
[U.S.]  Chief  of  Engineers,  1887,  pt.  4,  p.  2913-3132.)  Numerous  illustra- 
tions.     Extensive   observations   on   sediment   movement   and   sand   waves. 

RICHARDS,  ROBERT  H.,  and  WOODWARD,  A.  E.  Velocities  of  Bodies  of  Different 
Specific  Gravity  Falling  in  Water.  1890.  (Transactions,  Am.  Inst.  Min. 
Engrs.,  v.  18,  p.  644-648.)  Tabulates  different  substances  with  regard  to 
specific   gravity  and   to   fall   per   second   in   water. 

RIEDEL,  JOSEF.  Ueber  Geschiebfiihrung  und  Murgange  der  Wildbache  nebst  ihrer 
Bedeutung  fiir  die  Arlbahn.  9  diag.  1871.  (Zeitschrift,  Oesterreichischen 
Ingenieur-und  Architekten-Vereines,  v.  23,  p.  113-117,  151-154.)  Examples 
of  dangerous  "murgange",  canals  through  which  semi-fluid  mass  passes  at 
considerable  velocity,  but  with  little  deposit. 

SCMEERER,  THEODOR.  Einige  Beobachtungen  iiber  das  Absetzen  aufgeschlemmter 
pulverfbrmiger  Korper  in  Fliissigkeiten.  1851.  (Annalen  der  Physik  und 
Chcniie.  v.    170,   p.   419-429.) 

SCHLEPPKRAFTGESETZ.  1905.  (Zeitschrift,  Osterreiehischen  Ingenieur-und 
Architekten-Vereines,  v.  57,  pt.  1,  p.  46,  169-170.)  For  water,  with  regard 
to  transportation  of  silt  and  debris.  Letters  to  editor  by  F.  Kreuter  and 
H.   Engels. 

SCHULZE,  FRANZ.  Die  Sedimentar-erscheinungen  und  ihr  Zusammenhang  mit 
verwandten  physikalischen  Verhaltnissen.  1866.  (Annalen  der  Physik  und 
Chemie,  v.  217.  p.  366-383.) 
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SEDDON,  JAMES  A.  Clearing  Water  bv  Settlement;  Observations  and  Theory. 
3    diag.,    1    dr.,    7    pi.      1889.      (Journal,    Assoc.    Eng.    Soc,    v.    8,    p.    477-492.) 

SEDDON,  JAMES  A.  Notes  on  Sediment  Observations  of  1879  at  Saint  Charles, 
Missouri.  (Annual  Report,  [U.  S.]  Chief  of  Engineers,  1887,  pt.  4,  p.  3090- 
3096.) 

SIEDEK,  RICHARD.  Studie  iiber  die  Bestimmung  der  Normalproflle  geschiebe- 
fiihrender  Gewasser.  9  diag.,  4  pi.  1905.  (Zeitftchrift,  Oesterreichischen 
Ingenieur-  und  Architekten-Vereines,  v.  57,  pt.  1,  p.  61-73,  77-84.)  Data  for 
many  rivers. 

SILT  AND  SCOUR.  1  diag.  1906.  (The  Engineer,  London,  v.  102,  p.  391-392.) 
Review  of  Bellasis's  theory  of  erosion  and  silt  formation  advanced  in  his  book 
"Hydraulics    with.  ..  Tables". 

■ Abstract.      1907.      (Le   Genie  Civil,  v.   50,   p.  275.) 

SUTER,  CHARLES  R.  Report  on  Portion  of  the  Third  Subdivision  of  the  Missis- 
sippi Route.  (Annual  Report,  [U.  S.]  Chief  of  Engineers,  1875,  pt.  2,  p.  496- 
521.)      Discusses    (p.   502-504)    movement  of  sand  suspended  in   stream. 

THOMAS,  B.  F.,  and  WATT,  D.  A.  Improvement  of  Rivers,  ed.  2.  2  v.  1913. 
Wiley.  Includes  considerable  material  on  transportation  of  sediment,  erosion 
and  protection  of  banks,  etc. 

THOULET,  J.  Dosage  des  Sediments  Fins  en  Suspension  dans  les  Eaux  Naturelles. 
1889.  (Comptes  Rendus  Hebdomadaires  des  Seances  de  I'Academie  des  Sciences, 
v.  109,  p.  831-832.) 

THOULET,  J.  Experiences  Relatives  k  la  Vitesse  des  Courants  d'Eau  ou  d'Air, 
Susceptibles  de  Maintenir  en  Suspension  des  Grains  Mineraux.  1884.  (Annales 
des  Mines,  Memoires,  v.  164,  p.  507-530.) 

THOULET,  J.  Experiences  Relatives  ^  la  Vitesse  des  Courants  d'Eau  ou  d'Air, 
Susceptibles  de  Maintenir  en  Suspension  des  Grains  Mineraux.  1885.  (Annales 
des  Fonts  et  Chaussees,  ser.  6,  v.  9,  p.  492-500.)  Abstract  of  a  paper  in 
Bulletin  de  la  Societe  Mineralogique  de  France.  Experiments  to  determine  the 
force  required  to  keep  particles  of  different  sizes  and  densities  suspended  in 
water. 

THOULET,  J.  Experiences  sur  la  Sedimentation.  1890.  (Comptes  Rendus  Heb- 
domadaires des  Seances  de  I'Academie  des  Sciences,  v.  Ill,  p.  619-620.) 

THOULET,  J.  Recherches  Experimentales  sur  la  Vitesse  des  Courants  d'Eau  ou 
d'Air  Susceptibles  de  Maintenir  en  Suspension  des  Grains  Mineraux.  1883. 
(Comptes  Rendus  Hebdomadaires  des  Seances  de  TAcademie  des  Sciences,  v.  97, 
p.  1513-1514.) 

ULLER,  K.  Ueber  den  Verdrangungswiderstand  fester  Korper  in  Gasen  und 
Flussigkeiten.  1907.  (Annalen  der  Physik,  v.  340,  p.  179-196.)  Mathe- 
matical  paper  devoted  to  mechanics  of  suspension. 

VAUTHIER,  L.  L.  L'Entrainement  et  le  Transport  par  les  Eaux  Courantes  des 
Vases,  Sables  et  Graviers.  (Memoires  et  Compte  Rendu  des  Travaux  de  la 
Societe  des  Ingenieurs  Civils,  1885,  pt.  2,  p.  29-36.)  Discusses  action  of 
flowing  water,  by  which  materials  heavier  than  water  are  transported  or  held 
in  suspension. 

• Condensed   translation.     1884.      (Engineering   News,   v.    12,    p.    211.) 

WELCH,  ASHBEL.  [Presidential]  Address.  1882.  (Transactions,  Am.  Soc.  C.  E., 
v.  11,  p.  153-180.)  Discusses  (p.  160-165)  transportation  of  silt  by  Mississippi 
River  and  erosion  of  river  banks. 

WHEELER,  WILLIAM  HENRY.  Application  of  the  Transporting  Power  of  Water 
to  the  Deepening  and  Improvement  of  Rivers.  2  diag.  1889-1890.  (The 
Engineer,  London,  v.  68,  p.  343-344,  383;  v.  70,  p.  42-43.)  Attempts 
to  show  that  the  transporting  power  of  water  may  be  economically  applied  to 
the  improvement  of  rivers  by  breaking  up  shoals,  or  the  natural  bed  of  rivers, 
by  mechanical  means  and  by  mixing  the  material  with  the  water  and  allowing 
it  to  be  carried  away  to  the  sea  or  estuary  in  suspension. 

WHEELER,  WILLIAM  HENRY.  Tidal  Rivers;  Their  Hydraulics,  Improvement, 
Navigation.  467  p.  1893.  Longmans,  London.  "Transporting  Power  of 
Water,"   p.    59-69. 

WILLIS,  BAILEY.  Conditions  of  Sedimentary  Deposition.  1893.  (Journal  of 
Geohxjii,  V.  1,  p.  476-520.)  Studies  for  students.  Discusses  erosion,  trans- 
portation,  distribution,   chemical  deposition,   etc. 

SLIDES,   SLIPS   AND   SUBSIDENCES. 

ANDREWS,  HORACE.  Earth  Settlement  in  City  Streets.  1906,  (Municipal  Engi- 
neering, V.  31,  p.  361-366.)  Paper  before  American  Society  of  Municipal 
Improvements.  Largely  a  compilation  of  material  previously  published  on  the 
properties  and  behavior  of  clayey  soils. 
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BARROUA1AN,  JAMES.  Slips  in  a  Saiidbanl<.  1  ill.  ]902.  {rransactio7is,  Inst. 
Min.  ICngr.s,,  v.  23,  p.  154.)  Notes  on  photograph  o£  section  in  a  British 
sandbank,  clearly  showing  lines  of  slip. 

BAUMQARTEN,  KARL.  Thunder  Mountain  Landslide.  1910.  (Mining  and 
Scientific  Ficss.  v.  101,  p.  C98-699.)  Describes  progress  of  landslide  or  mud 
flow. 

BLACK,  R.  P.  Remedies  for  Landslides  and  Slips  on  the  Kanawha  and  Michigan 
Railway.  3  dr.,  1  pi.  1911.  (Transactions,  Am.  Soc.  C.  E.,  v.  71,  p.  1-10.) 
With  discussion. 

BOLTE.  Die  Rutschungen  an  der  Bcbra-IIauauer  Eisenbahn.  7  pi.  1871. 
(Zeitschrift   fur   Bauwescn,   v.    21,   p.    G9-82,    251-2G7,    379-390.) 

BORRIES,  von.  Erhohung  des  Bahndammes  zwischen  Hamburg  und  Bergedorf, 
unter  besonderer  Beriicksichtiguug  der  aufgetreteuen  Rutschungen.  1  dr.,  1  pi. 
1S91.      (Zcitschrift  fiir  Bauwcsen,  v.  41,  p.  525-532.) 

CAMBIE,  H.  J.  Unrecorded  Property  of  Clay.  1902.  (Transactions,  Can.  Soc. 
C.  E.,  V.  16,  p.  197-199.)  Discussion,  p.  200-215.  On  landslides  and 
their   prevention. 

1907.      (Am.  Ry.  Eng.  and  Maintenance  of  Way  Assoc,  Bulletin  No.  88,  p.  22- 

34.) 

Abstract.     1903.      (Engincerinq  News,  v.  49,  p.  38.)      See  also  letter  to  editor, 

p.   104. 

CANADA — GEOLOGICAL  SURVEY.  Report  on  the  Great  Landslide  at  Frank 
[Alberta].  17  p..  14  ill.,  2  charts,  2  maps.  1903.  (Extracts  from  pt.  8 
of   the  Annual   Report  of  the  Department  of  the   Interior  of   Canada,    1903.) 

CARPENTER,  FRANK  G.  Creep  in  the  Panama  Canal  ;  Conditions  Caused  by,  and 
the  .Method  of  Dealing  with,  the  Large  Masses  of  Moving  Earth  and  Rock. 
1912.      (Mines  and  Minerals,  v.  33,  p.  39-41.) 

CARTAULT,  Note  sur  les  Glissements  de  Terrains  dans  les  Tranchees  Argileuses 
de  la  Ligne  de  Paris  a  Lyon  entre  Brunoy  et  Bois-le-Rois.  1894.  (Annates 
dcs  Ponts  et  Chaussees,  ser.  7,  v.  8,  p.  377-392.)  Discusses  treatment  of  land 
slides  in  clayey  trenches. 

CARTER,  HENRY  H.  Settlement  of  the  Embankment  between  Squantum  and 
Moon  Island,  Boston  Main  Drainage  Works.  1892.  (Journal,  Assoc.  Eng.  Soc, 
V.  11,  p.  355-362.)  Gives  results  of  observations  on  settlement  of  mud 
embankment,    overlaid   by   gravel   and   filling   material. 

CHARIE-MARSAIENES.  Memoire  sur  les  Travaux  du  Bief  de  Partage  du  Canal 
du  Xiveruais.  8  pi.  1848.  (Annates  dcs  Fonts  et  Chaussees,  ser.  2,  v.  15, 
p.  1-112.)  Presents  data  on  earth  pressures  in  connection  with  the  building 
of  the  canal,  describes  slides  and  methods  of  their  prevention,  p.  21,  23,  31, 
35,   69,   103,   105. 

CLARKE,  D.  D.  A  Phenomenal  Land  Slide.  1904.  (Transactions,  Am.  Soc, 
C.  E.,  v.  53,  p.  322-397.)  Discussion,  p.  398-412.  Describes  surveys  and 
explorations,  made  over  a  long  period,  on  slopes  of  two  reservoirs  of  the  city 
of  Portland,  Ore.,  to  determine  dimensions  of  landslide,  its  cause  and  means  for 
prevention. 

COMBER,  W.  G.  Dredging  Work  on  the  Panama  Canal  Slides.  1915.  (Engineer- 
ing  News,  v.    73,   p.   753-757.) 

COMOY.  Notice  sur  Divers  Travaux  de  Consolidation  de  Terrains  Eboules.  3  pi. 
1875.  (Annales  des  Pont  et  Chaussees,  ser.  5,  v.  10,  p.  8-51.)  An  account 
of  various  works  undertaken  for  repairing  landslides. 

Abstract.      1875.      (Minutes    of   Proceedings,    Inst.    C.    E.,    v.    42,    pp.    268-271.) 

COOPER,  ROBERT  ELLIOTT.  Causes  of  Earth  Slips  in  the  Slopes  of  Cuttings 
and  Embankments  of  Railways,  and  How  to  Prevent  or  Remedy  Them.  1899. 
(Minutes  of  Proceedings.  Inst.  C.  E.,  v.  138,  p.  383-385.)  States  that  "slips 
in  embankments  are  chiefly  of  two  descriptions.  First,  where  the  material 
composing  the  embankment  slips  ;  secondly,  where  the  surface  of  the  ground 
upon  which  the  embankment  rests  slips  away  on  the  underlying  strata.  Gives 
means  of  remedying." 

1899.      (The  Engineer,  London,  v.  87,  p.   612.) 

1899.      (Engineering,   v.    67,   p.    826.) 

CORNISH,  VAUGHAN.  On  Landslides  Accompanied  by  Upheaval  in  the  Culebra 
Cut  of  the  Panama  Canal.  1913.  (Engineering,  v.  96,  p.  443-444.)  Author's 
view  is  that  the  mistake  in  not  foreseeing  the  slides  was  due  to  disregard  of 
chemical  considerations,  of  the  chemical  action  of  rain  water  on  the  previously 
protected  fragments  ejected  from  volcanoes.  The  frequent  occurrence  of  large 
upheavals  was  due  to  stratification. 

Abstract.     1913.      (Report  of   the  Eighty-third   Meeting,   British   Assoc,   for   the 

Advancement  of  Science,  p.  609.) 
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CORNrSH,  VAUGHAN.  Panama  Canal  and  the  Philosophy  of  Landslides.  1913. 
(Edinburgh  Review,  v.  217,  p.  21-42.)  Deals  mainly  with  description  and 
occurrence  of   landslides   along  the   Panama   Canal. 

COST  OF   SLIDES   AND   BREAKS   IN   CULEBRA    CUT,    PANAMA   CANAL,   IN    CUBIC 

Yards    of    Excavation.      1912.      (EngincerUig    News,    v.    68,    p.    607.) 

CURTIS,  W.  G.  Notes  on  a  Mountain  Slide.  1  diag.,  1  dr.,  3  ill.  1891.  (Trans- 
actions, Am.  Soc.  C.  E.,  V.  24,  p.  556-563.)  With  discussion.  In  Northern 
California. 

DARTON,  N.  H.  Novel  Plan  for  Stopping  a  Landslide  at  Mount  Vernon.  1915. 
(Engineering  News,  v.  73,  p.  369-370.)  The  danger  was  averted  by  draining 
the  water  from,  a  sandstone  substratum.  A  masonry  wall  was  built  along  the 
river's   edge   to    prevent    further    undercutting    by    the   waves. 

DAWLEY,  W.  M.  Drainage  of  Soft  Spots  in  Old  Roadbed.  1907.  (Proceedings, 
Eighth  Annual  Convention,  Am.  Ry.  Eng.  and  Maintenance  of  Way  Assoc, 
V.  8,  p.  541-554.)  Drainage  to  prevent  settlement  of  track  at  soft  spots. 
Discusses   classification   of   soft   spots   and   slips. 

1907.      (Am.    Ry.    Eng.    and    Maintenance    of    Way    Assoc,    Bulletin    No.    87, 

p.  4-17.) 

DAWSON,  GEORGE  M.  Remarkable  Landslip  in  Portneuf  County,  Quebec.  1 
diag.,   4   ill.      1899.      (Bulletin,  Am.  Geol.   Soc,  v.   10,   p.  484-490.) 

DISASTER  AT  FRANK,  N.  W.  T.  An  Account  of  the  Slide  on  Turtle  Mountain 
which  Destroyed  the  Town  of  Frank  and  a  Section  of  the  Canadian  Pacific 
R.  R.      1903.      (Mines  and  Minerals,  v.  23,  p.  559-560.) 

DRAINING  AND  STEADYING  SLIPS.  1904.  (Railroad  Gazette,  v.  37,  p.  317- 
318.) 

DUMAS,  A.  Les  Eboulements  de  la  Tranchee  Centrale  du  Canal  de  Panama  ;  Etat 
General  d'Avancement  des  Travaux  du  Canal.  1913.  (Le  Genie  Civil,  v.  62, 
p.  401-407.)  Reviews  conditions  in  the  Culebra  Cut,  and  the  vast  quantity 
of    work    caused    by    the    earth    slides   there. 

EARTH  SLIDE  AT  THE  NORTH  DIKE  OF  THE  WACHUSETT  RESERVOIR.  1907. 
(Engineei'ing  Record,  v.  55,  p.  515-516.)  Soil  of  embankment  was  a  very 
fine,    impermeable   sand. 

EXTENSIVE  EARTH  SLIPPAGE  SHUTS  DOWN  CEMENT  PLANT.  1915.  (Engi- 
neering  News,  v.  74,  p.  330-332.)  Account  of  the  successive  slipping  of 
large  slices  of  clay  soil  at  Greenport  plant  of  Knickerbocker  Portland  Cement 
Company,  near  Hudson,  N.  Y.  Illustrations  of  damaged  property  ;  diagram 
of  area  affected  ;  description  of  slides  ;  topography  of  the  land,  and  nature  of 
soil. 

EXTENT  AND  VOLUME  OF  EARTH  SLIDES  AT  CULEBRA  CUT,  PANAMA  CANAL, 

and  the  Remedy  Being  Employed.  1912.  (Engineering-Contracting,  v.  38, 
p.  374-375.)  Assigns  two  reasons:  the  sliding  of  one  stratum  on  another, 
and  the  squeezing  out  of  the  softer  underlying  material,  owing  to  the  heavy 
weight    above. 

FERNOW,  B.  E.  Avalanches.  1890.  (Transactions,  Am.  Inst.  Min.  Engrs.,  v.  18, 
p.  583-597.)  Considers  extent,  nature,  and  causes,  protective  measures,  and 
rescue  work.  Chief  attention  to  snow,  comparing  its  action  to  that  of  sand. 
Advocates    reforestation    or    construction    of    artificial    retaining    works. 

FORD,  FREDERICK  L.  Settlement  of  Lorraine  Street,  Hartford,  Conn.  1902. 
(Engineering  Record,  v.  45,  p.  172-173.)  Describes  progress  of  slow  land 
slide   and   drainage   method    used    in    preventing   further   damage. 

FORSBERG,  R.  P.  Earth  Slide  at  Bellevue,  Penn.,  and  Suggestions  for  Arresting 
its  Further  Progress.  1914.  (Engineering  Neivs,  v.  71,  p.  15-18.)  Cause 
of  slide  is  believed  to  be  the  fact  that  a  vein  of  fire-clay,  thoroughly  satu- 
rated with  water,  underlies  the  slide  zone.  The  most  effective  solution 
would   be   to   drain   the  clay   thoroughly. 

GAILLARD,  D.  D.  Culebra  Cut  and  the  Problem  of  the  Slides.  1912.  (Scientific 
A7nerican,  v.  121,  p.  388-390.) 

GENERAL  GOETHALS  ON  THE  PANAMA  CANAL  SLIDE  CRITICS.  1916.  (Engi- 
neering News,  V.  76,  p.  986-989.)  Gives  essential  features  of  General 
Goethals'  final  statement  on  the  slides  in  Gaillard  Cut.  Is  a  portion  of  his 
Annual   Report   to   the   Secretary   of   War. 

GOETHALS,  GEORGE  W.  Slides  at  Panama.  1916.  (Canal  Record,  v.  9,  Sup- 
plement to  January  5,  1916.  17  p.)  Illustrated  paper  describing  the  slides 
and  the  methods  adopted  for  dealing  with  them.  Contains  review  of  experi- 
ments made  in   attempting  to   check  progress  of  slides. 

Condensed.      1916.      (Engineering    News,    v.    75,    p.    417.) 
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GREGORY,  CHARLES  MUTTON.  On  Ftailway  Cuttings  and  Embankments,  with  an 
Account  of  Some  Slips  in  the  London  Clay,  on  the  Line  of  the  London  and 
Croydon  Railway.  1844.  {Minutes  of  Procecdinijs,  Inst.  C.  E.,  v.  3.  p. 
135-145.)  Discussion,  p.  145-173.  Describes  slips  in  railway  cuttings 
caused    by    increased    lateral    pressure   due   to   vibrations. 

HAYES,  C.  W.  Slides  In  Culebra  Cut.  1910.  (Canal  Record,  v.  4,  p.  115.) 
Report  to  the  President  by  the  Chief  Geologist  of  the  United  States  Geologi- 
cal Survey.  Recommends  the  employment  of  a  competent  geologist  regularly 
until  completion  of  the  canal.  Record  of  geological  facts,  as  revealed  by  exca- 
vation, should  be  studied,  and  additional  core  drill  records  should  be  obtained. 
Geologist    should    co-operate    with    engineers    in    determining    economical    slopes. 

HARTE,  CHARLES  RUFUS.  Stop  Slides  by  Releasing  Accumulated  Water  at  Bulls 
Ridge  Hydro-electric  Plant.  191G.  (Entjinecring  Record,  v.  73,  p.  696-698.) 
Illustrated  article  describing  causes  of  and  remedies  for  land  slides  that 
threatened  the  operation  of  a  hydro-electric  plant  in  Connecticut. 

HOWARD,  E.  E.  Making  Earthwork  Approach  to  Columbia  River  Bridge.  1916. 
[Eniiincerino  Neics,  v.  75,  pt.  1,  p.  145-149.)  Treats,  in  part,  of  a  special  case 
of  earth  settlement,  and  of  the  overthrow  of  a  masonry   pier  by  an  earth  slip. 

HOWE,  ERNEST.  Landslides  in  the  San  Juan  Mountains,  Colorado,  Including  a 
Consideration  of  Their  Causes  and  Their  Classification.  55  p.  1909.  (United 
States  Geological  Survey,  Professional  Paper  67.) 

HUNT,  E.  B.  On  the  Use  of  Salt-marsh  Sods  for  Facing  the  Steep  Slopes  of  Para- 
pets, Terraces,  etc.  1855.  (Proceedings,  Am.  Assoc,  for  the  Advancement  of 
Science,  v.  9,  p.  272-275.)  Were  used  successfully  for  parapet  work  of  a  fort 
at  Gloucester,   Mass.,   and  at  Fort  Adams. 

IMPROVEMENT  OF  A  SLIDING  CUT  ON  THE  CLEVELAND,  CINCINNATI,  CHICAGO 
and  St.  Louis  Ry.  1908.  (Engineering  News,  v.  59,  p.  478-479.)  Improve- 
ment by   better  drainage. 

ISAACS,  JOHN  D.  Stopping  a  Troublesome  Slide  at  a  Summit  Tunnel.  1895. 
i  Journal.  Assoc.  Eng.  Soc,  v.  15,  p.  113-123.)  Concrete  retaining  wall, 
pierced  by  a  tunnel. 

LAMOTHE.  Note  sur  les  Travaux  de  Consolidation  de  la  Tranches  de  I'Estoura 
sur  le  Chemin  de  Fer  de  Marvejols  a,  Neussargues.  1  pi.  1890.  (Annates  des 
Ponts  et  Chaussees,  ser.  6,  v.  20,  p.  231-238.)  Describes  railway  slides  and 
methods  of  repair. 

LANDSLIDE  AT  CROW'S  NEST  PASS.  1907.  (Engineering  and  Mining  Journal, 
v.  84,  p.  1110.)  Note  on  inspection  of  mountain  to  determine  probability  of 
land  slide.  Officials  of  the  mining  company  report  that  camp  is  in  no  danger. 
The  fissure  which  caused  alarm  is  merely  a  widening  of  the  natural  jointage 
planes.  The  rock  strata  are  nearly  horizontal,  and  the  slope  of  the  mountain 
is  less  than  the  angle  of  rest. 

LANDSLIDES.      1903.      (Engineering    Record,    v.    48,    p.    581-582.)      Editorial    dep- 
recating   the    lack   of    literature   on    this    subject    in    English,    and    suggesting    a 
thorough   acquantance   with  the   foreign    literature  on    slides. 
LANDSLIDES    ON     THE     BOLAN     RAILWAY,     INDIA.      1893.      (Engineering     News, 
V.   29.     p.   268.)      Discusses  movement  where   a  whole   mountain   seems   to   slide. 

LAURENCE,  W.  K.  Saltford  Slip.  1900.  (Transactions,  Inst.  Min.  Engrs.,  v.  20, 
p.  476.)  Landslide  in  side  of  railway  cut  made  sixty  years  before.  Due 
probably  to  percolation  of  water  down  to  an  inclined  bed  of  limestone,  perhaps 
furthered   by  vibration   of  passing  trains. 

LEFEBVRE,  RENE.  Memoire  sur  la  Constitution  des  Terres  et  sur  les  Accidents 
dans  les  Terrains  Argileux.  6  dr.  1878.  (Annates  des  Ponts  et  Chaussees, 
ser.  5,  v.  16,  p.  390-445.)  Paper  was  translated  by  Lieut.  F.  A.  Mahan.  Con- 
siders slips  in  cuts  and  fills  as  due  to  pressure  of  contained  water  and  dependent 
on  the  permeability  and  penetrability  of  the  earths  present.  Studies  the  con- 
struction of  various  earths  in  this  respect.  Develops  a  theory  of  slips  and  dis- 
cusses practical  methods  of  prevention,   giving  examples  of  their  application. 

Translation.  6  dr.  1882.  (Transactions,  Engineers'  Society  of  Western  Penn- 
sylvania, v.   1,  p.  70-105.) 

LEHWALD.  Die  Rutschungen  auf  der  Theilstrecke  Treysa-Malsfeld  (Nordhausen- 
Wetzlar)  im  Zuge  der  Berlin-Coblenzer  Eisenbahn.  11  dr.,  5  pi.  1885. 
(Zcitschrift  fiir  Bautcesen,  v.   35,   p.  209-231.) 

LOW,  EMILE.  A  Large  Land-slide.  2  diag.  1892.  (Proceedings,  Engrs.  Club 
of  Philadelphia,  v.  9,  p.  245-247.)  Slide  in  cut  on  Clinch  Valley  Division  of 
Norfolk  and  Western  Railroad. 

.\bstract.  1892.  (Engineering  and  Mining  Journal,  v.  53,  p.  134.)  Dis- 
cussion by  E.  V.  d'Invilliers. 
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MacDONALD,  DONALD  F.  Landslides  of  Culebra  Cut.  1912.  (Annual  Report, 
Isthmian  Canal  Commission,  1912,  p.  205-214.)  Names  four  types  of  slides, 
(1)  those  resulting  from  structural  breaks  and  deformations,  (2)  normal  or 
gravity  slides,  (3)  fault-zone  slides,  (4)  those  resulting  from  weathering  and 
surface  erosion.      Causes  and  remedies  for  each  are  discussed. 

MacDONALD,  DONALD  F.  Slides  in  the  Culebra  Cut  at  Panama;  a  Review  of 
Geological  Conditions  in  the  Canal  Site,  Together  with  a  Description  of  the 
Types  of  Slides  and  Their  Causes.  1912.  {Engineering  Record,  v.  66,  p.  228- 
233.)  See  also  Editorial,  p.  225.  Concludes  that  "when  the  slopes  shall  have 
been  reduced  to  the  proper  angle  .  .  .  ,  the  slide  problem  will  be  practically 
solved." 

MacDONALD,  DONALD  F.  Sliding  Ground  in  Culebra  Cut.  1913.  (Engineering 
Neivs,  V.  70,  p.  408.)  Gives  reasons  why  methods  of  preventing  earth  and  rock 
slides  proposed  by  Rice  would  not  be  applicable  to  Culebra  Cut  slides,  along 
the  Panama  Canal. 

MERRICK,   A.   W.      Clay    Slide  at   the   Boone  Viaduct,    Boone,    Iowa.      1906.      (Jour- 

nal,    Western    Soc.    of    Engrs.,    v.     11,    p.    332-334.)      Discussion,    p.    335-339. 

Successful  draining  stopped  the  slide. 
1907.      (Proceedings,  Eighth  Annual  Convention,  Am.  Ry.  Eng.  and  Maintenance 

of  Way  Assoc,  p.  555-582.) 

• 1907.      (Am.   Ry.   Eng.   and  Maintenance   of  Way   Assoc,   Bulletin  88,  p.   4-11.) 

METHODS    AND    COST    OF    ELECTRIC    SHOVEL    WORK    REMOVING    SLIDES    AND 

Slide    Cutting   for   Electric    Railways.      1915.      (Engineering-Contracting,    v.    43, 

p.  154-155.)      Includes  tables  of  cost  data. 
MOLITOR,     DAVID,     Landslides.      1894.      (Journal,     Assoc.     Eng.     Soc,     v.     13,     p. 

12-32.)      Discusses    and    classifies    slides,     and    works    out    formula    for    earth 

pressure  on   walls. 
MORRIS,    GEORGE    A.     Earth    Slips    on    the    Jordan    Level    Marl    Beds    of    the    Erie 

Canal.      1898.      (Engineering    News,     v.     40,     p.     338-339.)      Describes     remedy 

adopted. 
NEWLAND,    D.    H.     Water-Soaked    Bed   of   Blue    Clay    Caused    Land-Slip    at    Cement 

Plant   near    Hudson.      1915.      (Engineering   Record,    v.    72,    p.    253-254.)      Gives 

reasons    for   the    land-slip    which   caused    the    wreck   of   the   power-house   of    the 

Knickerbocker  Portland  Cement  Company's  plant  at  Greenport,   N.  Y. 
NEWMAN,    JOHN.      Earthwork    Slips    and    Subsidences    upon    Public    Works ;    Their 

Causes,  Prevention  and  Reparation.     234  p.      1890. 
NOVEL    METHOD    OF    STOPPING    A    LANDSLIDE    AT    SEATTLE,    WASH.      1894. 

(Engineering  Nexcs,  v.    31,    p   387.)      Method   was  to   divert  water   from   bed   of 

hard,  smooth  clay,  reducing  the  tendency  of  clay  above  to  slide. 
OFFICIAL    INVESTIGATION    OF    THE    FRANK    DISASTER    BY    THE    GEOLOGICAL 

Survey  of  Canada.      1903.      (Engineering  News,  v.  49,  p.  492.) 
PEARCE,     WILLIAM.      Great    Rockslide    at     Frank,     Alberta.      1903.      (Engineering 

News,  V.  49,  p.  490-492.) 
POLLACK,    VINCENZ.      Ueber    Seeufer-senkungen    und    Rutschungen.      4    pi.      1889. 

(Zeitschrift,     Oesterreichischen     Ingenieur-     und     Architekten-Vereines,      v.     41, 

p.  5-21.)      Extensive  review  of  the  literature  on  the  subject. 
PORTIER,    ARSENE.      Glissement   de   Terrain   au   Viaduc   du   Gor    (Bspagne).      1907. 

(Memoires   et   Compte  Rendu   dcs   Travaux   de   la   Societe   des   Ingenieurs   Civils 

de  France,   1907,  pt.  1,  p.  437-450.) 
RAILWAY    LANDSLIDE    AT    CLEVELAND.      1903.      (Engineering   Record,    v.    48,    p. 

584.) 
REPORT    BY    A    GEOLOGIST    ON    SLIDES    IN    CULEBRA    CUT    AND    BY    A    BOARD 

of  Engineers  on   the   Revetment  of  the   Sides   of  the   Cut.     1911.      (Engineerina 

News,  V.   65,   p.  21-22.) 
REPORT    OF    THE    PANAMA    CANAL    SLIDE    COMMISSION.      1916.      (Engineering 

News,  V.   75,   p.   599.)      Abstract  of   the   preliminary   report  of    the   Commission 

nominated    by   the    National    Academy   of    Sciences,    and    appointed    by   President 

Wilson,   to  study  the  Panama  Canal   slides. 
RICE,  GEORGE  S.     Suggested  Method  of  Preventing  Rock  Slides.      1913.      (Journal, 

Western     Soc.     of     Engrs.,     v.     IS,     p.     585-602.)      Discussion,      p.      602-627. 

"Bibliography,"    p.     601     (24    references).      Discusses    and    classifies    types    of 

slides    as    (1)    those    resulting    from    structural    breaks    and    deformations,     (2) 

normal  or  gravity  slides,   (3)  fault-zone  slides,   (4)   weather  and  surface  erosion. 

Proposed   plan  for   prevention   provides   for  construction   of   underground   retain- 
ing walls. 
Condensed.      (Engineering  News,  v.  69,  p.  1181.) 

ROCK    SLIDE    AT    FRANK    (ALBERTA).  1903.      The  Canadian  Engineer,  v.  10 

p.   164-166,   154.) 
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ROHWER,  H.  Discussion  on  Earth  Slides.  1907.  (Am.  Ry.  Eng.  and  Maintenance 
of  Way  Assoc,  Bulletin  90.  p.  4-10.)  Emphasizes  importance  of  selection  of 
material  to  be  used  In  making  fills. 

Condensed.     1907.      (Engineering  Record,  v.  56,  p.  374-375.) 

Condensed.     1907.      (Engineering  Neivs,  v.  58,  p.  563-564.) 

Condensed.     1907.      (Railroad   Gazette,  v.   43,   p.    724-726.) 

RUSSELL,  ISRAEL  C.  Landslides.  1899.  (Twentieth  Annual  Report,  U.  S.  Geol. 
Survey,  pt.  2,  p.  193-204.)  Explains  conditions  of  soil  occurrence  under 
which  landslides  are  likely  to  take  place.  Refers  particularly  to  conditions  in 
Northern  "Washington. 

ST.  ALBAN  LANDSLIDE,  NEAR  QUEBEC.  1894.  (Railroad  Gazette,  v.  26,  p. 
458-459.)      Description  of  remarkable  landslide,  and  probable  cause. 

1894.      (Scientific  A7ncrican  Supplement,   v.   38,   p.   15477-15478.) 

SAVILLE,  C.\LEB  MILLS.  Earth  Slip  in  the  Face  of  the  Embankment  of  the 
North  Dike  of  the  Wachusett  Reservoir.  1907.  (Engineering  News,  v.  57, 
p.  464-405.) 

SHOVVALTER,  WILLIAM  JOSEPH.  Battling  with  the  Panama  Slides.  1914. 
(Xational  Geographic  Magazine,  v.  25,  p.  133-153.)  A  descriptive  rather 
than  technical   account   of   the   difficulties   encountered. 

SINKING  LAND  WRECKS  CEMENT  COMPANY'S  POWER  PLANT.  1915.  (Engi- 
)u'cying  RcconI,  v.  72,  p.  179-180.)  Short  illustrated  article,  with  comment 
by  D.  W.  Newland,  Assistant  New  York  State  Geologist,  on  the  sudden  drop  of 
supporting  soil  which  caused  the  collapse  of  steel-frame  building  and  170-ft. 
chimney. 

SLIDES  ON  THE  PANAMA  CANAL.  1911.  (Engineering  News,  v.  65,  pp.  570- 
573.)  Discusses  underlying  causes  of  slides  in  the  Culebra  Cut  and  best 
means  of  prevention. 

SMITH,  FRANK  B.  Frank  Disaster.  1903.  (Canadian  Mining  Revieio,  v.  22,  p. 
102-103.)      Details  of  rock  slide.   Turtle  Mountain,  Frank,   Alberta. 

SMITH,  R.  W.,  and  ZULCH,  W.  G.  Solution  of  a  Landslide  Fault.  1914.  (Engi- 
neering and  Mining  Journal,  v.  97,  p.  1090-1091.)  Considers  a  Colorado  gold 
district,  in  which  an  earth  movement  displaced  the  veins  so  that  the  outcrop 
portions  were  discontinuous.  The  sliding  movement  was  studied  by  means  of 
a  topographic  survey. 

SOULAVY,  OTTOKAR,  and  SCHMIDT,  CARL.  Ueber  Eisenbahnbau-und  Recon- 
structions-Arbeiten  im  Rutschterrain.  1898.  (Zeitschrift,  Oesterreichischen 
Ingenieur-  und  Architekten-Vereines,  v.  50,  p.  4-10,  18-22,  35-40.)  Discusses 
nature  of  landslides  as  influenced  by  geological  formation,  and  gives  examples  of 
construction  work  in  different  places. 

SPENCER,  J.  W.  Landslide  at  Brantford,  Ontario,  Illustrating  the  Effects  of 
Thrusts  upon  Yielding  Strata.  1887.  (American  Naturalist,  v.  21,  p.  267- 
269.) 

SPRAGUE,  N.  S.  Improvement  of  Chislett  Street,  Pittsburgh :  Method  of  Sup- 
porting a  Street  over  an  Earth  Slide  by  Using  a  Special  Reinforced-Concrete 
Retaining  Wall  and  Platform.  1914.  (Engineering  Record,  v.  69,  p.  389.) 
A  construction  was  adopted  which  would  be  independent  of  ground  movements. 
Two  rows  of  concrete  piles,  12  ft.  apart,  were  driven  into  firm  ground. 

STANTON,  ROBERT  BREWSTER.  Great  Land-slides  on  the  Canadian  Pacific  Rail- 
way in  British  Columbia.  1897.  (Minutes  of  Proceedings,  Inst.  C.  E.,  v.  132, 
p.  1-20.)  Discussion,  p.  21-46.  Describes  slides.  Considers  cause  to  be  the 
irrigation  water  soaking  downward  into  the  silt. 

Condensed.      1898.      (Engincei-ing,  v.  65,  p.  29.) 

TRATMAN,  E.  E.  R.  Foreign  Railway  Construction  in  Sliding  Ground.  1906. 
(Journal,  Western  Soc.  of  Engrs.,  v.  11,  p.  339-350.)  Gives  instances  of  earth 
slides  along  various  European  railways,  with  methods  of  remedying,  mainly  by 
improved  drainage. 

1907.      (Am.  Ry.  Eng.  and  Maintenance  of  Way  Assoc,  Bulletin  88,  p.  12-21.) 

TURTLE  MOUNTAIN  ROCK  SLIDE.  1903.  (Engineering  and  Mining  Journal,  v. 
70,  p.   10-12.)      Discusses  slide  and  structure  of  mountain   at  Frank,  Alberta. 

VAN  HORN,  FRANK  R.  Landslide  Accompanied  by  Buckling,  and  Its  Relation  to 
Local  Anticlinal  Folds.  1908.  (Bulletin,  Geol.  Soc.  of  Am.,  v.  20,  p.  625- 
632.)      Describes   slide   at   Cleveland   and   discusses   causes. 

WHITLEY,  HENRY  MICHELL.  Earthwork  Slips  on  the  Castle  Eden  and  Stockton 
Railway.  2  diag.  ISSO.  (Minutes  of  Proceedings,  Inst.  C.  E.,  v.  62,  p. 
28U-284.) 

YOUNG,  L.  E..  and  STOEK,  H.  H.  Subsidence  Resulting  from  Mining.  205  p. 
1916.  (University  of  Illinois  Engineering  Experiment  Station,  Bulletin  91.) 
"Bibliography",    p.    180-205.     Exhaustive    report    prepared    under    co-operative 
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agreement  between  the  University  of  Illinois  Engineering  Experiment  Station, 
the  Illinois  Geological  Survey,  and  the  U.  S.  Bureau  of  Mines.  Considers 
nature  and  theory  of  subsidence,  resultant  damage,  protective  measures,  and 
legal  considerations.  Includes  results  of  laboratory  experiments.  A  valuable 
feature   is   the  extensive   classified   bibliography. 

ZINN,  A.  S.  Truth  about  the  Culebra  Cut  Slides,  Panama  Canal.  1913.  (Engi- 
neering  News,  v.  70,  p.  406-408.)  Discusses  movement  of  earth  and  means  of 
overcoming   the    difficulties. 

CHEMICAL  AND  PHYSICAL  PROPERTIES  OF  SOILS. 

THEORY. 
See  also  Granular  Materials. 

ADAMS,  FRANK  D.,  and  COKER,  ERNEST  G.  Investigation  into  the  Elastic  Con- 
stants of  Rocks,  more  Especially  with  Reference  to  Cubic  Compressibility. 
69  p.  1906.  (Carnegie  Institution  of  Washington,  Publication  No.  Jf6.) 
Previously  printed  in  part  in  American  Journal  of  Scieiicc,  v.  172,  p.  95-123. 
Measurements  were  taken  of  the  longitudinal  contraction  and  lateral  expan- 
sion under  a  longitudinal  stress  from  which  data  all  the  elastic  properties  were 
estimated. 

ADAMS,  FRANK  D.,  and  COKER,  ERNEST  G.  Investigation  into  the  Elastic  Con- 
stants of  Rocks,  more  Especially  with  Reference  to  Cubic  Compressibility. 
6  diag.,  6  dr.      1906.      {American  Journal  of  Science,  v.  172,  p.  95-123.) 

Abstract.     1907.      (Beibldtter    zu    den    Annalen    der   Physik,    v.    31,    pt.    1,    p. 

186-187.) 

Abstract.      1907.      {Minutes  of  Proceedings,  Inst.   C.   B.,   v.   169,  p.  476-477.) 

AIRY,  WILFRID.  On  the  Slopes  of  Cuttings.  1879.  {Minutes  of  Proceedings. 
Inst.   C.   E.,   v.   55,   p.    241-251.)      Mathematical   discussion   on    friction   ef   soils. 

AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS.  Progress  Report  of  the  Special  Com- 
mittee to  Codify  Present  Practice  on  the  Bearing  Value  of  Sojls  for  Founda- 
tions. 1915.  {Proceedings,  Am.  Soc.  C.  B.,  February,  1915.  Papers  and  Dis- 
cussions, p.  491-513.)  "Bibliography  of  physical  properties  and  bearing  value 
of   soils,"   p.   497-513.      Prepared  by   Carnegie  Library   of   Pittsburgh. 

AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS.  Progress  Report  of  the  Special  Com- 
mittee to  Codify  Present  Practice  on  the  Bearing  Value  of  Soils  for  Founda- 
tions. 1916.  {Proceedings,  Am.  Soc.  C.  E.,  March,  1916.  Papers  and  Dis- 
cussions, p.  343-367.)  Discussion,  May,  1916,  p.  821-822.  Second  report, 
directing  attention  to  two  fundamental  phases  of  the  problem:  (1)  Present 
practice  on  the  bearing  value  of  soils.  (2)  Physical  characteristics  of  soils 
in  relation  to  engineering  structures. 

BASQUIN,  O.  H.  Circular  Diagram  of  Stress  and  Its  Application  to  the  Theory  of 
Internal  Friction.  1912.  {Journal,  Western  Soc.  of  Engrs.,  v.  17,  p.  815-847.) 
Discussion,  p.  847-849.  Gives  a  mathematical  discussion  of  the  internal  fric- 
tion of  substances,  using  a  method  known  as  the  circular  diagram  of  stress. 
Also  gives  practical  examples  of  the  application  of  the  theory.  Pages  837-847 
devoted  to   earth  stresses  and   piles. 

BELL,  ARTHUR  LANGTRY.  Lateral  Pressure  and  Resistance  of  Clay,  and  the 
Supporting  Power  of  Clay  Foundations.  1915.  {Minutes  of  Proceedings,  Inst. 
C.  E.,  V.  199,  p.  233-272.)  Discussion,  p.  272-336.  Extensive,  technical 
treatment  of  this  one  type  of  soil.  Offers  a  modification  of  Rankine's  theory, 
which,  when  applied  to  clay,  yields  results  more  in  accordance  with  observed 
facts.  Gives  methods  of  testing  used  in  determining  properties  of  clay,  and 
gives  tables  and  diagrams  listing  the  results  obtained  from  tests.  Gives  con- 
siderable mathematical   theory  of  the   properties  of  clays. 

Condensed.      {Architect   and   Contract   Reporter,    v.    93,    p.    263-265.) 

BRANNER,  JOHN  C.  Structural  Engineering  and  Earthquakes.  1915.  {Engi- 
neering Record,  v.  72,  p.  780-781.)  Points  out  that  earthquakes  generally  are 
not  dangerous,  and  shows  that  the  danger  may  be  further  mitigated  by  deter- 
mining the  exact  location  of  active  "faults".  Urges  the  co-operation  of  engi- 
neers, corporations,  etc.,  in  gathering  data  as  to  the  locations  of  faults. 
CAIN,  WILLIAM.  Cohesion  in  Earth:  the  Need  for  Comprehensive  Experimenta- 
tion to  Determine  the  Coefficients  of  Cohesion.  1915.  {Transactions,  Am. 
Soc.  C.  E.,  V.  81.  p.  1315-1325.)  Discussion,  p.  1326-1341.  Shows  that  the- 
ories of  earth  pressures  should  consider  cohesion  as  well  as  friction  of  the 
particles.  Describes  experiments  performed  to  determine  the  coefl"ieient  of 
cohesion.  Gives  short  tables  in  which  are  shown  figures  for  coefficients  of 
friction  and  of  cohesion  of  various  kinds  of  soil. 
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CAMERON.  FRANK  K.  Dynamic  Viewpoint  of  Soils.  1909.  (Journal  of  InO.us- 
trinl  and  Kiipinccrintj  Chemistry,  v.  1,  p.  80G-810.)  A  criticism  of  tlie  .static 
thoory    of   soil.';. 

CHAPERON.  Observations  sur  le  M^moire  de  M.  de  Sazilly,  Stability  et  Con- 
solidation des  Talus.  1853.  (Annalcs  dcs  Fonts  et  Chavssees,  ser.  3,  v  5,  p. 
22.'5-230.) 

CHEN'OT.  Nouvelle  Th^orie  de  la  Ponssee  des  Torres.  1861.  (Comptes  Rcndua 
Ilfbdomadaires  des  Stances  de  I'Acadgmie  des  Sciences,  v.  53,  p.  718.)  Short 
abstract.      Bases   his   theory   on    principles    of    Coulomb. 

CHENOT.  Sur  une  Nouvelle  Thfiorie  de  la  Stability  des  Vofltes.  1861.  (Comptes 
Rrndus  Ilcbdomadaires  des  Stances  de  I'Academie  des  Sciences,  v.  53,  p.  716- 
71S.)      Based  on   work  of  Coulomb   and   Poncelet. 

COLIN.  Recfierches  sur  les  Glissenionts  Spontnnes.  Contenant  I'Expose  de  quelques 
Nouvaaux  Principes  de  Mecanique  Terrestre.  1840.  (Comptes  Rendus 
Hchdomadaires  des  Stances  de  I'Academie  des  Sciences,  v.  10,  p.  284.)  Short 
abstract.  Endeavors  to  prove  that  an  earth  prism  of  greatest  power  must 
ttTiiiinafe  in  a  cycloid. 

COVVLES,  WALTER  L.  Lateral  Pressure  in  Clay  from  Superimposed  Loads. 
1912.  (Journal,  "Western  Soc.  of  Engrs.,  v.  17,  p.  746-750.)  Deduces  formula 
to  serve  as  basis  for  determining  horizontal  pressure  from  a  vertical,  super- 
imposed load. 

DAVVKINS,  BOYD.  On  the  Relation  of  Geology  to  Engineering.  2  diag.,  2  111. 
1898.  (Miiuites  of  Proceedincis,  Inst.  C.  E.,  v.  134,  p.  254-277.)  "Relation  of 
superficial  accumulation  to  solid  rocks",  p.  209-272. 

EARTHWORKS.  1909.  (The  Engineer,  London,  v.  107,  p.  265.)  Consider  espe- 
cially angle  of  slope  desirable,  and  drainage. 

ECK.ARDT,  A.  Die  mechanischen  Einwirkungen  des  Abbaues  auf  das  Verhalten 
des  Gebirges.  1913.  (Glilckanf,  v.  49,  pt.  1,  p.  352-361,  397-403.)  Studies 
reaction  between  mine  workings  and  earth  pressure,  mine  roofs  being  held  up 
by  arch  action  in  the  overlying  masses. 

FRANCKE,  ADOLF.  Erddruck.  6  diag.  1901.  (Zeitschrift  fiir  Bauwesen,  v.  51, 
p.   639-648.)      Theory. 

GOL'PIL,  A.  Note  sur  la  Determination  Graphique  de  la  Poussee  des  Terres.  4 
diag.      1888.      (Le  Genie  Civil,  v.  12,   p.  404-405.) 

HETIER.  Note  sur  le  Calcul  du  Profll  des  Murs-Barrages.  8  diag.,  1  pi.  1886. 
(Annalcs  dcs  Fonts  et  Chaussees,  ser.  6,  v.  11,  p.  615-636.)  Mathematical 
paper. 

HOUSDEN,  C.  E.  Rapid  Earthwork  Calculation.  31  p.  1914.  Longman.s.  Em- 
bodies improvements  in  earthwork  calculation  suggested  by  a  careful  recon- 
sideration of  author's  "Practical  Earthwork  Tables".  Offers  new  tables 
intended  to  be  simpler  than  former  ones,  and  yet  quite  as  useful  and  correct 
for  all  usual  purposes. 

HUBBE.  Ueber  die  Eigenschaften  und  das  Verhalten  des  Schlicks.  1  pi.  1860. 
(Zeitschrift  fur  Bauwesen,  v.  10,  p.  491-520.)  Results  of  extended  experi- 
ments   are    given. 

KREV,  H.  Praktische  Beispiele  zur  Bewertung  von  Erddruck,  Erdwiderstand  und 
Tragfahigkeit  des  Baugrundes  in  grosserer  Tiefe.  12  diag.  1912.  (Zeit- 
schrift fur  Bamocsen,  v.  62,  p.  95-126.) 

LAUCHLI,  EUGENE.  Lining  Long  Tunnels  and  Tunnels  Subjected  to  Heavy  or  Eccentric 
Ground  Pressure.  1915.  (Canadian  Engineer,  v.  28,  p.  111-118.)  Deals  pri- 
marily with  tunnel  design  and  construction,  but  includes  a  section  on  earth 
pressure  as  a  part  of  such  design  and  construction,  together  with  formulas  and 
tables   of  data  on    earth    pressure. 

LAUCHLI,  EUGENE.  Tunneling.  238  p.  1915.  McGraw,  N.  Y.  "Importance 
of  Geological  Surveys  in  Connection  with  Tunnel  Driving",  p.  1-8.  "Deter- 
mination of  the  Rock  Temperature  in  Deeply  Overlaid  Tunnels",  p.  120-144. 
"Tunnels  Driven  through  Soft  Materials — Pressure  Acting  on  Tunnels  Driven 
Through  Soft  and  Cohesionless  Materials",   p.  163-184. 

LeBLANC,  CH.  Examen  Sommaire  du  Traite  de  la  Stabilit6  des  Constructions 
d'^^''  partie)  du  Docteur  Scheffler.  1867.  (Annales  des  Fonts  et  Chaussees, 
ser.   4,   V.   13,   p.   139-147.) 

MACEY,     FRANK     W.      Specifications     in     Detail,      ed.     2.      620     p.      1904.      Crosby. 

General    work   on    the   writing    of    specifications.      Contains    information    on    soil 

characteristics,    foundations,    retaining    walls,    piles.      Extensive    index. 
MACNEILL,    JOHN.      Tables    for    Facilitating    the    Calculation    of    Earthwork    in    the 

Cuttings  and  Embankments  of  Railways,  Canals,  and  Other  Public  Works,      ed.  2. 

368  p.      1846. 
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MERRILL,  GEORGE  P.  Treatise  on  Rocks,  Rock-Weathering  and  Soils.  411  p. 
1897.  Macmillan.  Part  III,  p.  173-284,  covers  weathering  of  rocks;  Part  IV, 
p.  286-292,  covers  transportation  and  redeposition  of  rock  debris  ;  Part  V,  p. 
299-390,  treats  of  the  regolith,  or  the  superficial,  unconsolidated  portion  of 
the   earth's   crust. 

MERRIMAN,  MANSFIELD.  Theory  and  Calculation  of  Earthwork  Slopes.  10  diag. 
1SS5.  (Enqincerina  Ncwa,  v.  13,  p.  174,  183,  199,  220-221,  237,  247,  263, 
278,    295,    311.)      "Literature   on   the   subject",   p.    311. 

MOHLER,  CHARLES  K.  Earth  Pressures.  10  diag.,  1  ill.  1910.  (Joiirval.  West- 
ern Soc.  of  Eogrs.,  V.  15,  p.  765-791.)  Discussion,  13  diag.,  5  ill.,  p.  791- 
827.  A  study  of  the  sliding  prism  theory  of  Vauban  after  the  graphics 
of  Rebhann  and  of  the  analytical  theory  of  Rankine,  attempting  to  show  lack 
of  agreement  and  fallacies  in  the  theories ;  also  formulas  and  results  from  a 
new    method. 

Condensed.     1911.      (Railivay  and  Engineering  Review,  v.   51,  p.  441,  458-460, 

1012-1014.) 

Editorial.      1910.      (.Engineering  Record,  v.  61,  p.  744.) 

MOSELEV,  HENRY.  On  a  New  Principle  in  Statics,  Called  the  Principle  of  Least 
Pressure.  1837.  {London  and  Edinburgh  Philosophical  Magazine  and  Journal 
of  Science,  ser.  3,  v.  3,  p.  285-288.)  Moseley's  theorem  served  as  a  founda- 
tion for  Rankine's  theory  of  earth  pressure. 

MOSELEV,  HENRY.  On  the  Theory  of  Resistances  in  Statics.  1837.  (London 
and  Edinburgh  Philosophical  Magazine  and  Journal  of  Science,  .ser.  3,  v.  3, 
p.   431-436.) 

MOSELEV,  HENRV.  Mechanical  Principles  of  Engineering  and  Architecture.  699 
p.  1860.  Wiley,  New  York.  "Natural  Slope  of  Earth",  p.  412-413.  "Pres- 
sure  of   Earth",    p.    413-416. 

NAQAOKA,  H.  Elastic  Constants  of  Rocks  and  the  Velocity  of  Seismic  Waves. 
1  dr.  1900.  (Philosoi^hical  Magazine,  v.  216,  p.  53-68.)  Reprint  from  Pub- 
lications of  the  Earthquake  Investigation  Committee  in  Foreign  Languages,  No. 
4.     Tables    of    constants. 

Abstract.     1900.      (Beiblattcr  zu  den  Annalen   dcr  Physik,  v.  24,   p.   1246.) 

RANKINE,  WILLIAM  JOHN  .MACQUORN.  Manual  of  Applied  Mechanics,  ed.  14. 
671  p.  1895.  Griffin.  Includes  data  on  earth  friction,  earth  foundations, 
pressure   of   earth,   stability   of  earth,    retaining  walls,   pile-driving. 

RANKINE,  WILLIAM  JOHN  MACQUORN.  Manual  of  Civil  Engineering,  ed.  24. 
822  p.  1911.  Griffin.  Includes  data  on  properties  and  theories  of  earth, 
earthworks,  foundations,  piles  and  pile-driving,  caissons,  coffer-dams,  and 
retaining   walls. 

RANKINE,  WILLIAM  JOHN  MACQUORN.  On  the  Mathematical  Theory  of  the 
Stability  of  Earthwork  and  Masonry.  1857.  (Proceedings,  Royal  Soc.  of 
London,  v.  8,  p.  60-61.)  States  and  briefly  explains  the  two  fundamental  prin- 
ciples on  which  his  researches  on  earthwork  are  based. 

RANKINE,  WILLIAM  JOHN  MACQUORN.  On  the  Stability  of  Loose  Earth.  1857. 
(Philosophical  Transactions,  Royal  Soc.  of  London,  v.  147,  p.  9-27.)  De- 
duces from  known  laws  of  friction,  the  mathematical  theory  of  that  kind  of 
stability  which  depends  on  the  mutual  friction  of  the  parts  of  a  granular  mass 
devoid   of  tenacity. 

Abstract.      1857.      (Proceedings,  Royal  Soc.  of  London,  v.  8,  p.  1S5-187.) 

SAINT=QUILHEM.  Memoire  sur  la  Poussee  des  Terres  avec  ou  sans  Surcharge. 
1858.  (Annalcs  des  Fonts  et  Chaussecs,  ser.  3,  v.  15,  p.  319-350.)  Mathe- 
matically finds  the  surface  of  rupture  and  pressure  of  earth  against  walls  of 
various  forms.  Extends  work  done  by  Poncelet  in  this  field.  Gives  angle 
of    repose    for   various   substances. 

SAINT-=VENANT,  de.  Resistance  des  Fluides.  Considerations  Historiques,  Physiques 
et  Pratiques  Relatives  au  Probleme  de  I'Action  Dynamique  Mutuelle  d'un 
Fluide  et  d'un  Solide,  Specialement  dans  I'Etat  de  Permanence  SupposS 
Acquis  par  leurs  Mouvements.  1886.  (Comptes  Rendus  Hebdomadaires  des 
Seances   de   I'Academie   des  Sciences,   v.   103,    p.   179-184.) 

SAZILLY,  de.  Notice  sur  les  Conditions  d'Equilibre  des  Massifs  de  Terres,  et 
sur  les  Revetements  des  Talus.  4  pi.  1851.  (Annales  des  Pants  et  Chaussees, 
ser.   3,   V.   1,   p.   1-157.) 

TRESCA,  H.  Mfimoire  sur  I'Ecoulement  des  Corps  Solides  Soumis  a  de  Fortes 
Pressions.  1864.  (Comptes  Rcjidus  llcbdomndaires  des  Seances  de  I'Academie 
des  Sciences,   v.   59,   p.   754-758.)      Theory  of  the  flow  of  solids  under  pressure. 

UNITED  STATES — SOILS  BUREAU.  Soil  Survey  Field  Book,  Field  Season,  1906. 
319  p.  1906.  Includes  data  on  classification  of  soils,  analysis  of  soils,  and  an 
extensive  description  of  established  soil  types. 
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TESTING. 

Methods  and  Results. 
Sic  also  Piles,  Testing. 

ARRANGEMENTS  FOR  SOIL-LOADING  TESTS.  1  dr.  1914.  (Engineering  Ncios, 
V.  72.  p.  647-64S.)  Describes  emcieut  methods  introduced  by  Wm.  P.  Snow, 
Lewiston,   Me.,   and  by   E.   MiCullougli.  of   Chicago. 

AL'CHINLECK,  GILBERT.  Measurement  of  Shrinkage  in  Soils  and  Its  Application 
in  .\griiulture.  1912.  (^Vcst  Indian  DiiUclin,  v.  12,  p.  50-68.)  States  that 
".-hriiilvaKC  determinations  may  be  regarded  as  a  measurement  in  the  laboratory 
of  the  trouble  that  colloidal  clay  causes  the  planter  in  the  fields." 

BAINBRIDGE,  F.  H.  Methods  and  Costs  of  Testing  for  Bridge  Foundations.  1908. 
(Engineering-Contracting,  v.  30,  p.  352-.354.)  Describes  making  of  borings, 
to  determine  character  of  foundation.  Refers  particularly  to  work  on  Chi- 
cago and  Northwestern  Railway  bridge. 

BARBOUR.  FRANK  A.  Strength  of  Sewer  Pipe  and  the  Actual  Earth  Pressure 
in  Trenches.  2  diag.,  3  dr.  1897.  (Journal,  Assoc.  Eng.  Soc,  v.  19,  p.  193- 
241.)      Gives   results   of   experiments. 

.■\bstract.     1898.      (Minutes  of  Proceedings,  Inst.  C.  E.,  v.  132,  p.  409.) 

BOERNER,  FR.\NZ.  Kunstliche  Fundierung  des  Geschiiftsgebaudes  fur  das  Ober- 
landesgericht  zu  Diisseldorf.  1908.  (Beton  unci  Eiscn,  v.  7,  p.  340-343, 
3()0-3i;4.)  First  part  considers  underlying  soil  strata,  which  were  made  up  at 
successive  depths  of  (1)  filling,  (2)  layer  of  alluvial  earth  consisting  of  loose 
sand  and  fine  blue  sand  mixed  with  a  blue  clayey  material,  and  (3)  a  layer 
of    coarse-grained    gravel.     Loading    tests    are    given    for   the   different    soils. 

BRIGGS,  LYMAN  J.,  and  others.  Centrifugal  Method  of  Mechanical  Soil  Analysis. 
38  p.  1904.  (United  States  Soils  Bureau,  bulletin  2Ji.)  Also  discusses  briefly 
other  methods  of  mechanical  soil  analysis. 

BRIGGS,  LYMAN  J.  Objects  and  Methods  of  Investigating  Certain  Physical  Prop- 
erties of  Soils.  1901.  (Yearbook,  United  States  Department  of  Agriculture, 
1900,  p.  397-410.)  Intended  primarily  for  the  agriculturalist,  but  contains 
much  useful  information  for  the  engineer,  such  as  mechanical  analysis,  tests 
for   moisture   content,    and   other   physical    properties. 

BRIGGS,  LYMAN  J.  Some  Necessary  Modifications  in  Methods  of  Mechanical 
Analysis  as  Applied  to  Alkali  Soils.  1899.  (United  States  Department  of 
Agriculture,  Report  No.  6Jf,  p.  173-183.)  Considers  disintegration  of  soil  dur- 
ing analysis,  apparatus  and  method  for  examining  soils  subject  to  excessive 
disintegration,  and  advantages  of  centrifugal  method  for  all  soils,  treatment 
of  mechanical  separations  after  ignition,  and  determination  of  water-soluble  con- 
tent  of    soils. 

CAIN,  WILLIAM.  Earth  Pressure.  1882.  (Van  Nostrand's  Engineering  Maga- 
zine, V.  26,  p.  89-104.)  Tests  formula  to  find  how  closely  practice  confirms 
theory. 

CAIN,  VVILLIA.M.  Experiments  on  Retaining  Walls  and  Pressures  on  Tunnels. 
21  diag.  1911.  (Trayisactions,  Am.  Soc.  C.  E.,  v.  72,  p.  403-448.)  Discus- 
sion, 6  diag..  p.  449-474.  Discusses  a  large  number  of  experiments  and  gives 
conclusions  therefrom. 

Abstract.      1911.      (Minutes  of  Proceedings,  Inst.  C.  E.,  v.  185,  p.  398.) 

CONSTRUCTION  OF  THE  BUILDINGS,  BRIDGES,  PIERS,  AND  DOCKS  AT  JACKSON 
Park  [Chicago].  1893.  (Engineering  Record,  v.  28,  p.  199-201.)  Gives 
results  of  numerous  loading  tests  on  Chicago  soil,  and  values  of  its  bearing 
capacity. 

CROIZETTE-DESNOYERS.  Memoire  sur  rEtablissement  des  Travaux  dans  les 
Terrains  Vaseaux  de  Bretagne.  8  pi.  1864.  (Annales  des  Ponts  et  Chaus- 
srcs,  ser.  4,  v.  7,  p.  273-396.)  Gives  experiments  on  the  resistance  of  soil, 
p.    279-281. 

CROOK,  T.  Method  for  the  Mechanical  Analysis  of  Soils.  1905.  (United  States 
Department  of  Agriculture,  Experiment  Station  Record,  v.  17,  p.  340.)  Modi- 
fication of  Schone  apparatus  is  used,  having  as  its  essential  features  (1)  a 
constant-level  water  reservoir  that  can  be  adjusted  to  any  desired  height,  and 
(2)   an  elutriator  which  is  conical  both  above  and  below  the  cylindrical  portion. 

Ab.stract.      (Econ.  Proc,  Royal  Dublin  Soc,  v.  13,  p.  267-280.) 

DUMONT,  J.  Sur  une  Nouvelle  Methode  d'Analyse  Physique  du  Sol.  1911. 
(Comptcs  Rendus  Hchdomadaircs  des  Seances  de  I'Academie  des  Sciences,  v. 
153,  p.  889-891.)  Sand  particles  obtained  by  ordinary  methods  of  elutriation 
were  covered  with  a  humus  clay  coating  of  complex  composition.  It  is  pro- 
posed to  remove  this  before  mechanical  analysis  by  treatment  with  oxalic  acid. 

EMPERGER,  FRITZ  von.  Probebelastung  einer  "Compressor'  -pylone.  1908.  (Beton 
und  Eisen,  v.  7,  p.  49-55.)      Gives  tabulated  results  of  tests. 
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ENGELS,  H.  Untersuchungen  iiber  den  Seitendruck  der  Erde  auf  Fundament- 
korper.  10  diag.,  2  pi.  1896.  (Zeitschrift  fiir  Bauwesen,  v.  46,  p.  409-432.) 
Methods  and  results  of  extensive  experiments. 

ENGELS,  H.  Versuche  iiber  den  Reibungswiderstand  zwischen  stromendem  Wasser 
und  Bettsohle.  4  diag.,  1  dr.,  2  ill.,  1  pi.  1912.  (Zeitschrift  fur  Bauwesen, 
V.  62,  p.  473-488.)  Describes  apparatus  used,  discusses  the  experiments  per- 
formed and  deduces  mathematical  relations. 

FEHR,  R.  B.,  and  THOMAS,  C.  R.  Experiments  on  the  Distribution  of  Vertical 
Pressure  in  Earth.  1913.  (Annual  Report,  Pennsylvania  State  College,  1912- 
1913.  p.  81-155.)  Pennsylvania  State  College.  Engineering  Experiment 
Station,  Bulletin  No.  S.  "Bibliography  of  Experimental  Work,"  p.  154-155. 
Tests  were  carried  out  with  clear,  dry  river  sand.  Conclusions  were  that,  at 
depths  of  12  in.  for  smaller  loads  and  23  in.  for  larger  loads,  the  percentage 
of  transmission  appeared  to  have  a  maximum  value  of  20.  At  the  point 
where  a  marked  change  occurred  in  the  percentage  of  transmission,  the  max- 
imum transmission  was  16  per  cent. 

FLETCHER,  C.  C.  Counting  Method  for  the  Mechanical  Analysis  of  Soils.  1911. 
(Science,  v.  57,  p.  495-496.)  Sand  is  obtained  by  subsidence,  as  in  regular 
method.  Total  weight  of  silt  and  clay  is  determined  by  difference.  Relative 
quantities  are  then  found  by  counting  the  number  of  silt  and  clay  particles  on  a 
counting  plate.  From  the  relation  thus  established,  quantities  of  clay  and  silt 
are   determined. 

FLETCHER,  C.  C,  and  BRYAN,  H.  Modification  of  the  Method  of  Mechanical  Soil 
Analysis.  16  p.  1912.  (United  States  Soils  Bureau,  Bulletin  8Jf.)  Most 
important  modification  was  in  the  method  for  determining  quantity  of  clay. 
Clay  was  evaporated  in  enameled-ware  pans  and  weighed  without  transfer  to 
platinum  dishes.  A  further  shortening  of  the  method  was  obtained  by  aban- 
doning altogether  direct  determination  of  clay  and  obtaining  Its  percentage  by 
difference. 

FORD,  R.  H.  Soil-Bearing  Tests  Determined  Loading  on  Chicago  Track  Elevation 
Work.  1916.  {Enfjineering  Record,  v.  74,  p.  652-653.)  Describes  tests  to 
determine  the  bearing  power  of  soil  on  which  an  especially  heavy  retaining  wall 
was   to   be  built.      Gives   results   of   tests. 

GARDNER,  FRANK  D.  Electrical  Method  of  Moisture  Determination  in  Soils.  24  p. 
1898.      (United  States  Soils  Division,  Bulletin  12.) 

GREATHEAD,  JOHN  F.  Tests  of  Soils  and  Methods  of  Underpinning  Buildings 
Adjoining  Subway  Construction  on  William  Street,  New  York.  1915.  (Engi- 
neering-Contracting, V.  44,  p.  477-481.)  A  rather  full  abstract,  with  illustra- 
tions, of  a  paper  appearing  in  September,  1915,  issue  of  Public  Service  Record, 
the  official  publication  of  the  New  York  Public  Service  Commission  [First 
District?].  Gives  detailed  information  on  methods  and  results  of  soil  testing 
in    connection    with    the    underpinning    of    buildings    near    subway    construction. 

HALL,  ALFRED  DANIEL.  Mechanical  Analysis  of  Soils  and  the  Composition  of 
the  Fractions  Resulting  Therefrom.  1904.  (Journal,  Chemical  Society,  v.  85, 
p.  950-963.)  Investigates  methods  of  mechanical  soil  analysis.  Concludes 
that  the  preliminary  treatment  with  acid  gives  a  better  idea  of  the  ultimate 
physical  constitution  of  the  soil  than  that  obtained  by  working  on  the  raw 
soil. 

HAYS,  JAMES  B.  Designing  an  Earth  Dam  Having  a  Gravel  Foundation,  with 
the  Results  Obtained  in  Tests  on  a  Model.  1917.  (Transactions,  Am.  Soc.  C. 
E.,  V.  81,  p.  1-24.)  Discussion,  p.  25-73.  Intended  mainly  to  present  the 
results  of  tests  on  a  model  constructed  to  scale.  The  model  was  constructed, 
however,  to  help  solve  a  specific  problem  in  dam  construction,  and  consid- 
erable attention  is  given  to  the  quality  of  the  soil  encountered,  and  to  the 
action  of  this  soil   in  the  model. 

HILGARD,  EUGENE  W.  Methods  of  Mechanical  Soil  Analysis.  1887.  (Proceed- 
ings, Eighth  Annual  Meeting,  Society  for  the  Promotion  of  Agricultural  Science, 
p.  48-50.)  Explains  author's  reasons  for  rejecting  the  subsidence  method 
or  "beaker  elutriation",  and   adopting  the  method  using  his   "churn   elutriator." 

HILGARD,  EUGENE  W.  On  Soil  Analyses  and  Their  Utility.  1872.  (American 
JouDial  of  Science,  v.  104,  p.  434-445.)  Defends  soil  analysis  as  being  of 
great    practical   value.      Shows    advantages    that    should    result. 

HILGARD,  EUGENE  W.  On  the  Flocculation  of  Particles,  and  Its  Physical  and 
Technical  Bearings.  1879.  (American  Journal  of  Science,  v.  117,  p.  205- 
214.)      Considers   question    in    its   bearing   on   the   mechanical    analysis   of   soils. 

HILGARD,  EUGENE  W.  On  the  Silt  Analysis  of  Soils  and  Clays.  2  ill.  1873. 
(Proceedings.  Am.  Assoc,  for  the  Advancement  of  Science,  v.  22,  p.  54-70.) 
Describes  his  method  of  mechanical  analysis  of  soils,  and  gives  results  of 
extensive  experiments,  mostly  on  soils  of  Mississippi. 

1873.      (American  Journal  of  Science   and  Arts,   v.    106,   p.   288-296,    333-339.) 


I^npt'i-'l  BEARING    VALUE   OF   SOILS  1211 

HILGARD,  EUGENE  W.  Report  on  the  Methods  of  Physical  and  Chemical  Soil 
Analysis.  1893.  (United  States  Chemistry  Division,  Bulletin  S8,  p.  60-82.) 
Gives  directions  for  sampling  soils.  Describes  procedure  for  physical  exam- 
ination  of   soil. 

HOPKINS,  C.  G.  Rapid  Method  of  Mechanical  Soil  Analysis,  Including  the  U.se 
of  Centrifugal  Force.  1899.  (United  States  Chemistry  Division,  Bulletin  56, 
p.   G7-G8.) 

JENSEN,  J.  NORMAN.  Hardpan  and  Other  Soil  Tests.  1913.  (Enginecri}}(j 
Siirs,   V.    69,    p.    460-463.)      Tests   of   various   Chicago    soils. 

KILROE,  J.  R.  Mechanical  Analyses  of  Soils  and  Subsoils  by  Centrifugal  Action  ; 
with  Notes  on  Treatment  of  Samples.  1905.  (United  States  Department  of 
Agriculture,  Experiment  Station  Record,  v.  17,  p.  341.)  Abstract  from  Econ. 
Proc..  Roy.  Dublin  Soc,  v.  10,  p.  223-230.  Method  is  combination  of  those 
of  Whitney   and    Bennigsen. 

KINO,  F.  H.  New  Method  for  the  Mechanical  Analysis  of  Soils.  1898.  (Thir- 
teenth Annual  Report,  Wisconsin  Agricultural  Experiment  Station,  p.  123-133.) 
A  method  for  studying  the  pore  space  in  soils,  based  on  the  laws  of  the  flow 
of   air  through   capillary   tubes. 

KINNISON,  CHARLES  S.  Study  of  the  Atterberg  Plasticity  Method.  1915. 
(United  States  Bureau  of  Standards,  Teehnoloi/ic  Paper  Jf6,  p.  3-18.)  Deals 
with  the  Atterberg  method  of  testing  clays  and  classifying  them  according  to 
their  plasticity.  This  method  (essentially  a  German  one)  is  compared,  by 
actual  tests,  with  two  other  methods  that  are  in  more  common  use  in  the 
United    States. 

LEYQL'E,  L.  Nouvelle  Recherche  sur  la  Poussee  des  Terres  et  le  Profil  de 
Revetement  le  Plus  Ecouomique.  1885.  (Annales  dcs  Fonts  et  Chaussees,  ser. 
6.  V.  10,  p.  788-1003.)  Contains  results  of  extended  experiments  on  cohesion 
of  earth,  direction,  point  of  application,  and  amount  of  earth  pressure,  and 
calculations  and  formulas  for  retaining  walls,   etc. 

LOUGHRIDGE,  R.  H.  Physical  Tests  of  Soils.  1892.  (United  States  Department 
of  Agriculture,  Experiment  Station,  Bulletin  16,  p.  156-162.)  Intended  pri- 
marily for  tlie  agriculturist,  but  contains  information  of  value  to  the  engineer, 
regarding  methods  of  mechanical   analysis  of  soils. 

McDANIEL,  A.  B.,  and  GARVER,  N.  B.  Pressure  of  Wet  Concrete  on  the  Sides  of 
Column  Forms.  1916.  (Engineering  Neivs,  v.  75,  pt.  2,  p.  933-936.)  Tests 
made  on  columns  built  up  in  laboratory  and  on  -posts  of  a  bridge  under  con- 
struction to  show  pressure  of  wet  concrete  on  sides  of  forms.  Describes  instru- 
ments and   methods   for  measuring  pressure. 

McLEAN,  DOUGLAS  L.  Wash-Boring  for  the  Winnipeg-Shoal  Lake  Aqueduct. 
1914.  (Canadian  Engineer,  v.  26,  p.  830-832.)  Presents  data  concerning 
■  costs  of  equipment  and  operation,  and  methods  of  sinking  test  holes,  during 
severe  winter  weather. 

MAIN,  CHARLES  T.  Foundations.  1915.  (Transactions,  Am.  Soc.  Mech.  Engrs., 
V.  37,  p.  821-837.)  Discussion,  p.  837-843.  Covers  briefly  the  general  subject 
of  foundations.  Touches  on  kinds  of  soil  and  methods  of  testing  soils,  with 
special    reference   to    foundation    work. 

MAIN,  CHARLES  T.,  and  SAWTELL,  H.  E.  Pile  Tests  Indicate  Type  of  Sub- 
structure for  Technology  Buildings.  1915.  (Engineering  Record,  v.  72,  p. 
235-238.)  Presents  data  on  the  determination  of  the  character  of  soil  by  the 
use  of  piles  of  different  types.  Also  gives  tables  and  diagrams  illustrating  the 
test  results  obtained  by  this  method  in  making  tests  for  the  substructure  of 
buildings  at  Massachusetts   Institute  of  Technology. 

MECHANICAL  ANALYSIS  OF  SOILS.  1906.  (United  States  Department  of  Agri- 
culture, Experiment  Station  Record,  v.  18,  p.  114-115.)  Abstract  from  Juur. 
Agr.  Set.,  v.  1,  p.  470-474.  Outlines  method  adopted  by  committee  of  the 
Agricultural  Education  Association. 

MEEM,  JAMES  C.  Notes  and  Experiments  on  Earth  Pressures.  1912.  (Pro- 
eerdi)tgs,  Engrs.'  Club,  Philadelphia,  v.  29,  p.  114-130.)  Includes  calcula- 
tions, based  mainly  on  experiments  carried  out  on  laboratory  scale. 

MEEM,  JAMES  C.  Pressure,  Resistance,  and  Stability  of  Earth.  2  diag.,  12  ill., 
11  dr.  1910.  (Transactions,  Am.  Soc.  C.  E.,  v.  70,  p.  352-388.)  Discussion, 
p.  389-411.  Gives  results  of  practical  experiments,  makes  deductions,  and 
gives  applications  of  the   deductions   to  works   carried  out. 

Abstract.      1910.      (Minutes   of  Proceedings.      Inst.    C.    E.,   v.    182,    p.    355.) 

Editorial.      (Engineering  Record,  v.  61,  p.  744.) 

METHODS  AND  COSTS  OF  MAKING  A   TEST  OF  THE  BEARING   POWER  OF  SOIL 

for  a   Building.      1  diag..   1   dr.      1910.       (Engineering-Contracting,  v.   34,   p.  31.) 
Test  conducted  by  the  Noel  Construction  Co.,  Chicago. 
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MILLER,  RUDOLPH  P.  Standard  Tests  of  SoiL  1912.  (Engineering  Record,  v. 
66,  p.  112.)  Letter  to  editor  giving  the  test  regulations  of  the  New  York 
Building  Code  for  determining  the  sustaining  power  of  soils. 
MOVER,  J.  A.  Distribution  of  Vertical  Soil  Pressures.  1915.  (Engineering 
Record,  v.  71,  p.  330-332.)  Tests  were  carried  out  on  sand,  a  clay  mixture, 
and  loam. 
MURRAY,  J.  ALAN.  Mechanical  Analysis  of  Soils  ;  a  Suggestion  for  a  Long  Tube 
Sedimentation  Process.  1906.  (Chemical  News,  v.  93,  p.  40-42.)  Method 
consisted  of  washing  and  decanting.  A  fairly  long  column  of  water  was  taken. 
The  particles  all  started  from  the  top  at  the  same  time.  The  separation  was 
made  according  to   the  time   at  which  the   particles   reached  the  bottom. 

Abstract.      1906.      (Analyst,    v.    31,    p.    129.) 

NEATE,  CHARLES.  Description  of  the  Coffer-dam  at  Great  Grimsby.  1850. 
(Minutes  of  Proceedings.  Inst.  C.  E.,  v.  9,  p.  1-23.)  With  discussion.  Gives 
tests  on  bearing  value  of  soils,   based   on   proportion  of  water  contained,   p.   17. 

NEW  HENRY  R.  WORTHINGTON  HYDRAULIC  WORKS  AT  HARRISON,  N.  J. 
1904.  (Engineering  Record,  v.  49,  p.  148-152.)  See  also  letter  to  editor 
"Testing  Foundations  for  Buildings".  (Engineering  Record,  v.  49,  p.  436.) 
Gives   method   of   testing   the   bearing  power  of   soil. 

ORTH,  ALBERT.  Ueber  mechanische  und  chemische  Bodenanalyse.  1882. 
(Berichte  der  Deutschen  Chemischen  Gesellschaft,  v.  15,  p.  3025-3034.)  Soil 
is  first  sifted  with  sieves  into  particles  of  5,  2,  1,  0.5  and  0.2  mm.  diameter. 
A  further  division  is  made  according  to  the  time  required  by  different-sized 
particles  to  be  deposited  from  a  stream  of  running  water. 

OSBORNE,  THOMAS  B.  Methods  of  Mechanical  Soil-Analysis.  1887.  (Annual  Report, 
Connecticut  Agricultural  Experiment  Station,  1887,  p.  144-162.)  Discusses 
and  compares  different  methods,  including  those  of  Schone,  the  Berlln-Schone, 
and   Schloesing  and  Hilgard.      "Beaker"   method   is  preferred. 

PFEIFFER,  K.  Contributions  to  the  Study  of  the  Mechanical  Analysis  of  Soils 
and  of  the  Determination  of  Outer  Soil  Surface  by  Heat  of  Wetting  and  Hygro- 
scopicity.  1912.  (United  States  Department  of  Agriculture.  Exjierimcnt  Sta- 
tion Record,  v.  26,  p.  219-220.)  Abstract  from  Landw.  Jahrb.,  v.  41,  p.  1-55. 
Author  believes  that  study  of  mechanical  analysis  of  soils  by  sieve  and 
sedimentation  should  be  vigorously  pursued,  and  that  it  is  entirely  possible 
to  classify  mineral  soils  on  the  basis  of  their  content  of  finer  particles.  An 
adequate  classification  of  fine  soils  would  be  one  of  two  groups  on  the  basis  of 
current  velocities  of  0.02  -and  7  mm.,  respectively. 

PRECAUTIONS  IN  INTERPRETING  RECORDS  OF  TEST  BORINGS.  1910.  (Engi- 
ncering-Contracting,   v.   33,   p.   585.)      Editorial. 

RANDALL,  FRANK  A.  Hardpan  Test  at  the  New  Cook  County  Hospital.  1912. 
(Jouriial,  Western  Soc.  of  Engrs.,  v.  17,  p.  725-744.)  Satisfactory  tests  of 
Chicago    soil. 

Condensed.      1913.      (Engineering   Nexos,  v.    69,    p.    463-464.) 

Abstract.      1    dr.,    1    ill.      1912.      (Engineering-Contracting,   v.    37,   p.    436-437.) 

SABANIN,  A.  Different  Methods  of  Mechanical  Analysis  of  Soils  and  the  Method 
of  Double  Sedimentation  with  a  Small  Sample.  1904.  (United  States  De- 
partment of  Agriculture,  Experiment  Station  Record,  v.  16.  p.  331.)  Abstract 
from  Joiir.  Expt.  Landw.,  v.  5,  p.  121-123.  Describes  modiflcation  of  Fadyeyev- 
Williams  method.  Separation  of  particles  of  soil  in  beakers,  by  double  sedi- 
mentation method. 

SABANIN,  A.  Ueber  eine  neue  Methode  der  Schlammanalyse.  1903.  (V-Inter- 
nationaler  Kongress  fiir  Angewandte  Chemie,  v.  3,  p.  896-898.)  Briefly  de- 
scribes method  using  only  small  quantity  of  soil  (3.75  to  4  grammes).  Con- 
sists of  boiling  in  small  Erlenmeyer  flask,  passing  through  sieves  and  allowing 
to  settle  in  cylinders. 

ST.  PAUL  BUILDING,  NEW  YORK  CITY.  1896.  (Engineering  News,  v.  35,  p. 
310-312.)  Includes  outline  of  methods  used  and  results  obtained  in  tests  to 
determine  the  character  of  the  soil  on  which  it  was  proposed  to  set  the  foun- 
dations  of   the   building. 

SCHLOESING.  TH.  Determination  de  I'Argile  dans  la  Terre  Arable.  1874. 
(Comptes  Rendris  TIebdomadaircs  des  Seances  de  1' Academic  des  Sciences,  v. 
78,  p.  1276-1279.)  Preliminary  treatment  is  given,  in  which  soil  is  treated 
with  dilute  acid,  and  salts  and  acid  removed  by  washing.  Simple  sedimen- 
tation  process   is   then   used. 

SCHLOESING,  TH.  Sur  I'Analyse  Mccanique  des  Sols.  1903.  (Comptes  Rendus 
Hcbd07nadaircs  des  Seances  de  I'Academie  des  Sciences,  v.  136,  p.  1608-1613  ;  v. 
137,  p.  369-374,  398-402.)  Describes  method  for  separating  soil  into  a  num- 
ber of  grades  of  fineness  by  observing  the  time  required  for  deposition  from 
water  of  a  given  depth,  and  the  weight  of  deposits  formed  during  successive 
intervals    of    time. 
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SCHMOLL  V.  EISENWERTH,  ADOLPH.  Mitthoilungcn  iiber  pneumatisohe  Pun- 
(liruiiBeii.  unil  Erfalirungsresullate  iiber  die  (label  vorkoimnLiiden  Reibungs- 
widerstiinde.  2  pi.  1S77.  {Zcitsrhrift,  Verein  deutscher  Ingenieure,  v.  21, 
p.  433-456.)  Results  of  extensive  experiments  to  determine  the  load  necessary  to 
overcome  the  frictional  resistance  encountered  by  caissons  in  various  strata,  or, 
In  case  of  light  soil,  to  determine  the  depth  to  which  a  pier  must  be  sunk  to 
carry   the  load. 

Ab.stract.      (Translation.)      1878.      {Minutes   of  Proceedings,  Inst.   C.   E..   v.   52, 

p.  298-302.) 

Abstract.     (Translation.)     1879.     (.Van  Nostrand's  Engineering  Magazine,  v.  20, 

p.   119-122.) 

SHANKLAND,  E.  C.  Chicago  Foundations.  1905.  (Techno  graph,  v.  19,  p. 
5-12.)      Discusses  kinds  of  soils,  with  brief  mention  of  load  tests. 

1905.      (Engineering  Record,  v.  52,  p.  131-132.) 

SMITH,  J.  H.AMMOND.  Laboratory  Method  of  Determining  Pressures  on  Walls 
and  Bins.  1915.  (Proceedinas,  Am.  Soc.  for  Testing  Materials,  v.  15,  p.  382- 
394.)  Discussion,  p.  395-398.  Describes  apparatus  for  determining  the  point 
of  application,  line  of  action,  and  intensity  of  resultant  pressures,  on  walls 
and    bins.      Also    contains    results    of    tests. 

SOIL  BEARING  TESTS.  1912.  (Engineering  Record,  v.  66,  p.  304.)  Describes 
tests  performed  during  the  construction  of  the  Dallas-Oak  Cliff  Viaduct,  Dallas, 
Texas. 

SOIL  TESTS  REPORTED,  AND  SAFE  UNDERPINNING  METHODS  IN  SAND 

Described.  1915.  (Engineering  Record,  v.  72,  p.  631-633.)  Gives  methods 
and  results  of  soil  te.sts,  and  describes  underpinning  used,  in  the  construc- 
tion of  William  Street  subway  excavation,  New  York  City. 
STEEL,  A.  A.  Experiments  on  Earth  Pressure  Against  Retaining  Walls.  1899. 
(Engineering  News,  v.  42,  p.  261-263.)  Abstract  of  graduating  thesis.  Uni- 
versity of  Nebraska.      Experiments  indicate  need  of  further  investigation. 

STONE,  0.  E.,  and  CHAPMAN,  G.  H.  New  Method  for  the  Approximate  Mechani- 
cal Analysis  of  Soils.  1911.  (Twenty-fourth  Annual  Report  of  Massachu- 
setts Agricultural  Experiment  Station,  p.  115-120.)  Describes  short  method 
that  gives   approximately  accurate   results. 

SUDLER,  EMORY.  Tests  of  Soil  for  Use  in  Constructing  an  Earth  Dam  for  a 
Water-works  Reservoir,  Baltimore,  Md.  1909.  (Engineering  Neics,  v.  61,  p. 
312.)  Soils  tested  were  soft  rotten  rock  and  yellow  clay.  Pressure  and  im- 
permeability   tests    were    made. 

TEST  BORING  DATA,  SHOAL  LAKE  AQUEDUCT.  1915.  (Canadian  Engineer, 
V.  29.  p.  321-322.)  Tables  of  cost  data  of  hand  auger  test  boring  for  inves- 
tigations of  soils. 

TEST-BORINGS  FOR  FOUNDATIONS.  1889.  (Engineering  Neivs,  v.  21,  p.  324.) 
Describes   tools    and   methods    for   making   test-borings. 

TESTING  SOIL  BELOW  THE  SURFACE  FOR  FOUNDATION  LOADS.  1910. 
(Engineerinq  Record,  v.  62,  p.  71.)  Tests  were  made  during  construction  of 
warehouse  building  in  New  York  City  by  various  loads  on  pipe  resting  on  sand 
at    considerable    depth. 

TESTING  THE  BEARING  CAPACITY  OF  EARTH  IN  EXCAVATIONS.  1  dr.  1912. 
(Engineering  Record,  v.  65,  p.  584.)  Gives  methods  and  results  of  tests  of 
hardpan. 

THOULET,  J.  Etude  Experimentale  et  Considerations  G6nerales  sur  I'lnclinaison 
des  Talus  de  Mati&res  Meubles.  1887.  (Antiales  de  Chiinie  et  de  Physique, 
ser.   6,   v.   12,   p.   33-64.) 

UNITED  STATES — SOILS  DIVISION.  Methods  of  the  Mechanical  Analysis  of  Soils, 
and  of  the  Determination  of  the  Amount  of  Moisture  in  Soils  in  the  Field. 
24  p.  1896.  (United  States  Soils  Division,  Bulletin  J,.)  Describes  methods 
used  by  Division.  Method  of  sampling  is  described.  Osborne's  method  for 
mechanical   analysis   is   used. 

VAN  de  GREYN,  E.  B.  Sand  Testing  at  Denver.  1915.  (Engineering  Record, 
V.  71,  p.  551.)  Describes  the  inexpensive  apparatus  used,  and  the  details  of 
methods  of  testing  sand,  as  devised  for  the  Engineering  Department  of  the  City 
of   Denver,    about    1913. 

WETTICH,  HANS.  Die  Bewegung  des  Fordergutes  im  Fiilbrumpf.  1915.  (Stahl 
und  Eisen,  v.  35,  p.  521-527.)  Flow  of  vertical  and  horizontal  layers  of  ma- 
terial   was    studied    in    models. 

WHITNEY,  MILTON,  and  BRIGQS.  LYMAN  J.  Electrical  Method  of  Determining 
the  Temperature  of  Soils.  30  p.  1897.  (United  States  Soils  Division,  Bul- 
letin   7.)      Wheatstone   bridge   method. 
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WHITNEY,  MILTON.  Some  Physical  Properties  of  Soils  in  Their  Relation  to 
Moisture  and  Crop  Distribution.  1892.  (United  States  Weather  Bureau, 
Bulletin  4.)  Johnson  and  Osborn's  "beaker  method"  of  mechanical  analysis 
of  soils,  p.   31. 

WINKLER,  E.  Versuche  iiber  den  Erddruck.  2  diag.,  5  dr.  1871.  (ZeitscJirift, 
Oesterreichischen  Ingenieur-  und  Architekten-Vereines,  v.  23,  p.  255-262.) 
Reviews  the  experimental  work  of  Gadroy  (1746),  Gauthey  (1785),  Rondelet, 
"Woltmann,   Mayniel   and  others,   and  gives  results  of  author's  own   experiments. 

WOOLSON,  IRA  H.  Some  Remarkable  Tests  Indicating  "Flow"  of  Concrete  under 
Pressure.  1  ill.  1905.  (Engineering  News,  v.  54,  p.  459.)  E.  P.  Goodrich 
and  others  believe  that  almost  every  variety  of  soil  discloses  similar  phe- 
nomena which  can  be  explained  by  existence  of  a  sort  of  viscosity. 

Instruments. 

BRIGQS,  LYMAN  J.  Electrical  Instruments  for  Determining  the  Moisture,  Tem- 
perature and  Soluble  Salt  Content  of  Soils.  35  p.  1899.  (United  States 
Soils  Division,  Bulletin  15.)  Describes  in  detail  the  electrical  soil  hygrometer, 
thermometer,  and  electrolytic  bridge.  Gives  methods  of  standardization  and 
practical   operation. 

DEVICE  FOR  MAKING  SUBSURFACE  TESTS  OF  THE  BEARING  POWER  OF  SOILS, 
with  Some  Examples  of  Operation.  3  diag.  1910.  (Engineering-Contract- 
ing, V.  34,  p.  94.)  Briefly  describes  the  apparatus  invented  by  John  F. 
O'Rourke,  of  the  O'Rourke  Engineering  Construction  Co.  of  New  York,  and  gives 
the  tests  performed  by  means  of  this  apparatus  on  the  site  of  the  Municipal 
Building  and  a  warehouse  in  New  York. 

DYNAMOMETRE  POUR  L'ESSAI  DES  TERRAIN.  6  dr.  1900.  (Le  Ginie  Civil, 
V.  36,  p.  394.)      Describes  Rudolf  Mayer's  apparatus. 

GOLDBECK,  A.  T.,  and  SMITH,  E.  B.  Apparatus  for  Determining  Soil  Pressures. 
1916.  (Proceedings,  Am.  Soc.  for  Testing  Materials,  v.  16,  p.  309-319.) 
Describes  and  illustrates  an  apparatus  for  measuring  pressure  under  earth 
fills   or   against   walls. 

Condensed.      1916.      (Engineering   News,   v.    76,    p.    339.) 

MAYER,  RUDOLF.  Apparatus  for  Determining  the  Safe  Load  upon  Foundations.  1900. 
(Minutes  of  Proceedings.  Inst.  C.  E.,  v.  142,  p.  408-409.)  Abstract  of  paper 
in   Schweizerische   Bauzeitung,    v.    28,    No.    22. 

MAYER,  RUDOLF.  Ueber  den  "Fundamentpriifer."  6  ill.  1900.^  (Zeitschrift, 
Oesterreichischen  Ingenieur-und  Architekten-Vereines,  v.  52,  p.  673-674.)  De- 
scribes the  hand-operated  apparatus  designed  by  the  author. 

MAYER,  RUDOLF.  Ueber  einen  Apparat  und  ein  Verfahren  zur  Ermittlung  der 
Tragfahigkeit  des  Baugrundes.  1  diag.,  1  dr.  1896.  (Zeitschrift  des  Oester- 
reichischen Ingenieur-und  Architekten-Vereines,  v.  48,  p.  588-589.)  Appar- 
atus   designed   by    the    author. 

MOVER,  J.  A.  Distribution  of  Vertical  Soil  Pressures ;  Dry-Sand  Tests  Recently 
Completed  at  the  Engineering  Experiment  Station  of  the  Pennsylvania  State 
College.  1914.  (Engineering  Record,  v.  69,  p.  608-609.)  A  platform-scale 
apparatus   was  used   for  determining  the   downward-pressure. 

NEW  INSTRUMENT  TESTS  SANDS  QUICKLY  IN  THE  FIELD.  1915.  (Engineer- 
ing Record,  v.  71,  p.  821-822.)  Describes  construction  and  operation  of  a  new 
sand-testing  device  for  use  in  the  field. 

SCHONE,  EM.  Ueber  einen  neuen  Apparat  fiir  die  Schlammanalyse.  1868.  (Zeit- 
schrift fur  Analytische  Chemie,  v.  7,  p.  29-47.)  Describes  apparatus  and 
method  for  the  mechanical  analysis  of  soils. 

TESTS  OF  SETTLEMENTS  OF  HEAVY  LOADS  ON  SOIL.  1897.  (Engineering 
Record,  v.  35,  p.  332.)  Briefly  describes  Meyer's  apparatus  for  measuring 
settlement  produced   by   test  loads  on   small   areas   of  soil. 

VODER,  P.  A.  New  Centrifugal  Soil  Elutriator.  1905.  (United  States  Depart- 
ment of  Agriculture,  Experiment  Station  Record,  v.  16,  p.  448-450.)  Abstract 
from  Utah  Agricultural  Experiment  Station,  Bulletin  89.  Describes  apparatus 
combining  principles  of  centrifugal  and  elutriator  methods. 

BEARING   VALUE. 

Sec  also  Piles. 

AMERICAN  RAILWAY  ENGINEERING  ASSOCIATION.  Report  [of  Committee]  on 
Unit  Pressures  Allowable  on  Road-beds  of  Different  Materials.  1912.  (Pro- 
ceedings, Thirteenth  Annual  Convention,  Am.  Ry.  Eng.  Assoc,  p.  388-396.) 
Discusses  bearing  value  of  soils  of  different  kinds,  as  found  by  previous 
investigators. 
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ANGIJN,  S.  Foundations  of  Riiildinss.  1S99.  {Journnl.  Royal  Inst,  of  Drltlsh 
Archltpcts,  V.  49,  p.  14-18.)  Paper  before  Manchester  Society  of  Architects. 
Considers  what  foundation  soils  may  be  looked  on  as  reliable  substrata.  Dis- 
cusses bearing  values  of  different  clays,  gravels,  and  .«ands. 

1900.      {Stone,  V.  21.  p.  243-2.50.) 

Abstract.      1S99.      (Enciinccring  Record,  v.  40,  p.  679-680.) 

APJOHN.  JAMES  HENRY.  Note  on  the  Movement  of  the  Walls  of  the  Kldderpur 
Docks.  4  dr.  189.5.  (Minutes  of  Proceedings,  Inst.  C.  E.,  v.  121,  p.  104- 
151.)  With  discussion.  The  precarious  nature  of  clay  soil  is  brought  out  in 
discussion  by  W.  R.  Galbraith,  Sir  Douglas  Fox,  and  F.  E.  Robertson,  p.  114 
125,    149. 

BAKER,  IRA  O.  Treatise  on  Masonry  Construction,  ed.  8.  556  p.  1898.  (Sec- 
tion on  "Bearing  Power  of  Soils",  p.  188-199.  Considers  different  kinds  of 
soils,  and  gives  figures  and  calculations,  and  means  for  improving  the  bearing 
value.      "Bearing  Power  of  Piles",   p.  233-250.      "Retaining  Walls",  p.  338-352. 

BARTLETT,  JAMES.  Foundations.  1910.  (Encycloptedia  Britannica,  ed.  11,  v. 
10.  p.  738-743.)  Discusses  safe  loads  for  soils  of  different  characters,  and 
making  of  trial  borings. 

BAl'MANN,  FREDERICK.  Foundations.  1898.  (Inland  Architect,  v.  32,  p.  42-45.) 
Gives  figures  and  estimates  for  safe  loads  for  rock,  gravel,  gravel  and  clay, 
snnd,    and   clay.      Considers    nature   of   Chiragn    soil    and    adequate    loads. 

BEARING  CAPACITY  OF  EARTH  FOUNDATION  BEDS.  1906.  (Engineering  Rec- 
ord, v.  54,  p.  647-648.)  Editorial  comment  on  work  done  by  Corthell  on 
pressures  on  foundation  beds  of  certain  structures.  See  also  Corthell,  Elmer 
Uawrence. 

BEARING  TESTS  FOR  HEAVY  FOUNDATION  LOADS.  1  dr.  1909.  (Engineering 
Record,  v.  60,  p.  55.)  Describes  method  and  gives  results  of  test  of  the  sup- 
porting power  of  soil  composed  of  fine,  compact  sand,  together  with  small 
pebbles    and    gravel. 

BOULNOIS,  W.  A.  On  the  Foundations  of  Some  of  the  Metropolitan  Bridges  in 
the  River  Thames.  1857.  (Papers,  Royal  Inst,  of  British  Architects,  v.  8,  p. 
31-44.)      Bearing  power  of  London  clay,   p.   33,   39,   42. 

CAMBRIA  STEEL  COMPANY.  Safe  Bearing  Capacity  of  Soils,  etc..  Tons  per 
Square  Foot.  1914.  (Cambria  Steel  Company's  "Handbook  of  Information 
Relating  to  Structural  Steel",  ed.  11,  p.  310.)  Table  giving  bearing  values 
of   different   soils   for   twenty-nine   different   cities    in   the   United    States. 

CLEGQ,  SAMUEL.  On  Foundations,  Natural  and  Artificial.  1851.  (Minutes  of 
Proceedings,  Inst.  C.  E.,  v.  10,  p.  317-320.)  Touches  on  bearing  value  of 
various   soils. 

CORTHELL,  ELMER  LAWRENCE.  Allowable  Pressures  on  Deep  Foundations. 
98  p.  1907.  Wiley.  Bibliography,  p.  37-40.  Contains  great  quantity  of  infor- 
mation and  tabulated  data  showing  allowable  ranges  of  pressure  of  struc- 
tures on  fine  sand,  coarse  sand  and  gravel,  sand  and  clay,  alluvium  and  silt, 
hard  clay,  and  hardpan.  Contains,  also,  letters  from  various  engineers  giving 
Information  from  projects  under  personal  observation  of  writers,  and  abstracts 
of    many   technical   papers   on   foundations. 

Abstract.      1906.      (Minutes    of   Proceedings,    Inst.    C.    E.,    v.    165,    p.    249-251.) 

Abstract.      1906.      (Engineering   News,  v.    56,   p.    657-658.) 

Abstract.     1906.      (EngineeiHng    Record,    v.    54,    p.    629.)      See    also    editorial 

"Bearing  Capacity  of  Earth  Foundation  Beds."  (Engineering  Record,  v.  54,  p. 
647-648.) 

CRANDALL,  CHARLES  LEE,  and  BARNES,  FRED  ASA.  Railroad  Construction. 
321  p.  1913.  Contains  brief  treatment  of  bearing  values  of  different  soils 
(p.   156),   retaining  wall   design    (p.   201),   etc. 

CRUTTWELL,  GEORGE  EDWARD  WILSON.  Foundations  of  the  River-Piers  of 
the  Tower  Bridge.  1S93.  (Minutes  of  Proceedings,  Inst.  C.  E.,  v.  113,  p. 
117-150.)  \S'ith  discussion.  Gives  reasons  for  limiting  pressure  on  the  London 
clay  to  4  tons  per  sq.  in.,  p.  148-149. 

CUNNINGHAM,  BRYSSON.  Dock  and  Harbour  Engineers'  Reference  Book.  319 
p.  1914.  Griffln.  Data  on  foundations  for  quay  and  dock  walls,  earth  pressure, 
angles  of  repose,  and  bearing  values  of  different  soil   materials,   p.   145-152. 

DON  SECTION,  BLOOR  STREET  VIADUCT,  TORONTO.  1914.  (Canadian  Engi- 
neer, V.  27,  p.  581-584.)  Notes  on  the  preliminary  work  attending  the  whole 
project,  foundation  tests,  features  of  design.  Is  principally  concerned  with  the 
design  of  the  bridge  proper,  but  includes  data  on  tests  of  bearing  power  of  the 
soil     involved. 
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FOUNDATION  LOADS.  1911.  {The  Builder,  London,  v.  101,  p.  332-333,  453- 
454,  780-781.)  Gives  figures  to  show  pressures  of  structures  on  different 
earth  soils  at  which  no  settlement  was  observed.  Includes  also  compressive 
resistance  of  different  stones,  and  discusses  foundations  under  differing  soil 
conditions. 

FOUNDATIONS  OF  MUD  FLOTATION.  1905.  (Engineering  Record,  v.  52,  p.  251.) 
Editorial,  indicating  methods  of  increasing  the  bearing  value  of  mud. 

FRANCIS,  GEORGE  B.  Foundations.  1  dr.  1903.  (Journal,  Assoc.  Eng.  Soc, 
V.  30,  p.  336-342.)  Gives  author's  figures  for  safe  supporting  loads  for  ledge 
rock,    hardpan,    gravel,    clean    sand,    dry    clay,    wet    clay,    and    loam. 

FRANCKE,  ADOLF.  La  Pression  des  Socles  de  Colonnes  sur  le  Terrain.  1907. 
(Le  Genie  Civil,  v.  51,  p.  222.)  Abstract  of  a  paper  in  Oesterreicliische 
Wochcnschrift   developing   an    analytical    theory. 

GIBSON,  THOMAS.  Huelva  Pier  of  the  Rio  Tinto  Railway.  2  dr.  1878.  (Min- 
utes of  Proceedings,  Inst.  C.  E.,  v.  53,  p.  130-163.)  With  discussion.  Gives 
supporting  power  of  mud,  p.  135-137,  tables,  144-158. 

HANCOCK,  EDWIN.  Bearing  Power  of  Moist  Blue  Clay ;  Result  of  Tests  in  the 
Loop  District,  Chicago,  111.  1912.  (Journal,  Western  Soc.  of  Engrs.,  v.  17,  p. 
745.) 

1913.      (Engineering  News,   v.    69,    p.   464.) 

HARRISON,  THOMAS  ELLIOT.  On  the  Tyne  Docks  at  South  Shields  ;  and  the 
Mode  Adopted  for  Shipping  Coals.  1859.  (Minutes  of  Proceedings,  Inst.  C. 
E.,  v.  18,  p.  490-503.)  Tells  of  experiments  on  bearing  value  of  mud  or  slake, 
p.  493. 

HERMANY,  CHARLES.  Foundations  of  the  New  Capitol  at  Albany,  N.  Y.  1873. 
(Transactions,  Am.  Soc.  C.  E.,  v.  2,  p.  287-289.)  Gives  maximum  pressure 
per  square  foot. 

HUNT,  RANDELL.  Supporting  Power  of  Soils.  1888.  (Journal,  Assoc.  Eng.  Soc, 
V.  7,  p.  189-196.) 

Abstract.      1888.      (Minutes  of  Proceedings,  Inst.  C.  E.,  v.  94,  p.   327-328.) 

Abstract.      1888.      (Engineering  Neivs,   v.   19,    p.   484-486.) 

Abstract.     1888.      (Scientific    American    Supplement,    v.    25,    p.    10412.) 

Abstract.      1888.      (Engineering   Record,   v.    18,    p.    39-40.) 

LEONARD,  HUGH.  Supporting  Power  of  Rocks  and  Soils ;  Experiments  at  Cal- 
cutta. 1900.  (Journal,  Royal  Inst,  of  British  Architects,  v.  49,  p.  390-393.) 
Tabulated  data  from  results  of  experiments,  showing  supporting  power  of 
ordinary  undisturbed  alluvial  soil  of  Calcutta.  The  successive  formations  of 
earth  in  and  about  Calcutta,  where  tests  were  carried  out  are,  rich  soil,  dry 
bluish  clay,  dry  brownish  clay,  brownish  clay  mixed  with  sand  and  not  so 
dry,  impure  peat,  wet  sand,  and  clay.  Blocks  of  masonry  were  laid  on  foun- 
dations of  various  depths  up  to  77  ft.,  and  were  loaded  and  the  settlement 
observed. 

MAGINNIS,  OWEN  B.  Consideration  of  the  Earth's  Surface  in  Its  Relation  to 
Building  Construction.  1907.  (Architects'  and  Builders'  Magazine,  v.  9,  p. 
82-84.)  General  discussion  of  value  of  different  soil  materials  in  foundation 
work  and  their  bearing  values.     Very   little   quantitative   information   gi.ven. 

MILLER,  RUDOLPH  P.  Allowable  Pressure  on  Hardpan.  1910.  (Engineering 
Record,  v.  62,  p.  783.)  Letter  to  editor  proposing  a  rule  for  allowable  pressure 
on  hardpan. 

1910.      (Engineering  News,   v.   64,   p.    727.) 

PNEUMATIC  CAISSON  FOUNDATIONS,  WHITEHALL  BUILDING,  NEW  YORK.  1  dr. 
1910.  (Engijieering  Record,  v.  61,  p.  792-794.)  Gives  tests  of  bearing  power 
of  hardpan,  p.  792-793. 

PURDY,  CORYDON  TYLER.  New  York  Times  Building.  1909.  (Minutes  of  Pro- 
ceedings, Inst.  C.  E.,  V.  178,  p.  185-205.)  Gives  pressure  allowed  per  unit 
area,   p.   188. 

SAFE  LOAD  ON  SOIL  AT  NEW  ORLEANS,  LA.  1899.  (Engineering  News,  v.  41, 
p.  303.)      See  also  letter  to  editor,  p.  333.      Loading  tests  on  blue  clay. 

SCHNEIDER,  C.  C.  Structural  Design  of  Buildings.  1905.  (Transactions,  Am. 
Soc.  C.  E.,  V.  54,  p.  371-489.)  With  discussion.  Gives  specification  for  per- 
missible pressures  on  various  soils  and  for  bearing  power  of  piles,  p.  383-384  ; 
also  a  table  of  bearing  value  of  different  kinds  of  soils  as  specified  in  various 
communities,  p.  405.  In  discussion,  W.  B.  W.  Howe  gives  results  of  pile  tests 
in  alluvial  soil,  p.  413. 

SEAMAN,  HENRY  B.  Specifications  for  the  Design  of  Bridges  and  Subways.  1912. 
(Transactions,  Am.  Soc.  C.  E.,  v.  75,  p.  311-392.)  With  discussion.  Gives 
allowable  static  pressures  on  soils,  and  a  formula  for  bearing  power  of  piles, 
p.    330. 
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SHANKLAND,  EDWARD  CLAPP.  Stool  Skeleton  Construction  in  Chicago.  1896. 
{Minutes  of  l'n>cc(din;is.  Inst.  C.  K.,  v.  128,  p.  1-43.)  Some  data  on  bearing 
value  of   soft   ground,    p.    1-2,    15-16,    28. 

SMITH,  EUGENE  R.  Compressibility  of  Salt  Marsli  Under  the  Weight  of  Earth 
Fill.      1897.      (Transactions,    Am.    Soc.    C.    E.,    v.    37,    p.    213-219.) 

S.MITH,  J.  A.  Some  Foundations  for  Buildings  in  Cleveland.  1906.  (Journal 
.\ss(io.  Eng.  Soc,  V.  3(!,  p.  155-184.)  Presents  data  on  the  sustaining  power 
of   soil    in    Cleveland    district. 

SOOYSMITH,  CHARLES.  Concerning  Foundations  for  Heavy  Buildings  in  New 
York  City.  1896.  (Transactions,  Am.  Soc.  C.  E.,  v.  35,  p.  459-469.)  Dis- 
cussion, p.  469-476.  Correspondence,  p.  477-483.  Briefly  describes  nature  of 
soil    in   Manhattan.      Gives   safe   loads   per  unit   area. 

STRUCTURAL  REGULATIONS  OF  THE  NEW  YORK  BUILDING  LAW.  1899. 
(En<jincerin(;  Record,  v.  40,  p.  367-369.)  Gives  allowable  safe  load  for  vari- 
ous   soils. 

TAYLOR,  FREDERICK  W.,  and  THOMPSON,  SANFORD  E.  Treatise  on  Concrete 
Plain  and  Reinforced,  ed.  2.  807  p.  1909.  Wiley.  Contains  a  section  on 
"Bearing  Power  of  Soils  and  Rock,"  p.   639-641. 

THOMSON,  T.  KENNARD.  Supporting  Capacity  of  Hardpan.  1911.  (Engineering 
Record,   V.   63,   p.    59.)      Letter   to   editor. 

TUSKA,  GUSTAVE  R.  Construction  of  Substructure  for  Lonesome  Valley  Viaduct, 
Knoxville,  Cumberland  Gap  and  Louisville  Railroad.  1895.  (Transactions, 
Am.  Soc.  C.  E.,  V.  34,  p.  247-252.)  Gives  maximum  pressure  per  unit  area, 
p.  249. 

W.ADDELL,  J.  A.  L.  A  Study  in  the  Designing  and  Construction  of  Elevated  Rail- 
roads, with  Special  Reference  to  the  Northwestern  Elevated  Railroad  and  the 
Union  Loop  Elevated  Railroad  of  Chicago,  111.  1897.  (Transactions,  Am. 
Soc.   C.  E.,  V.   37,  p.  308-360.)      Gives  bearing  value  of  Chicago  soil,   p.   321. 

WALMISLEY,  A.  T,  Foundations  as  Applied  to  London  Buildings  and  Riverside 
Foundations.  17  dr.  1898.  (The  Builder,  London,  v.  74,  p.  514-521.) 
Shows  soil  strata  underlying  London  by  examination  of  borings  from  vari- 
ous localities.  Gives  much  information  on  safe  bearing  power  of  various 
kinds  of  ground.  Includes  also  table  showing  angle  of  repose  for  different 
materials. 

WILLM.ANN,  L.  von.  Tragfahigkeit  des  Baugrundes.  1  diag.,  4  dr.  1906.  (Hand- 
bu(  h  der  Ingenieurwissenschaften,  4  Aufg.,  1  Teil,  3.      Band,  p.  12-20.) 

WORCESTER,  JOSEPH  R.  Boston  Foundations.  6  folding  diag.,  2  folding  dr., 
1  folding  map.  1903.  (Journal,  Assoc.  Eng.  Soc,  v.  30,  p.  285-302.)  Dis- 
cussion, p.  302-335.  Information  is  given  both  in  paper  and  in  discussion 
concerning  allowable  pressure  on  soils.  Tabulated  data  are  included  on  kinds 
of  soils   and   soil  combinations   to  be   found   in   different  parts   of   Boston. 

Condensed.      1903.      (Engineering  Neics,  v.   49,   p.   136.) 

WYATT,  MATTHEW  DIGBY.  On  the  Construction  of  the  Building  for  the  Exhi- 
bition of  the  Works  of  Industry  of  All  Nations.  1851.  (Minutes  of  Pro- 
ceedings, Inst.  C.  E.,  v.  10,  p.   127-191.)      Gives  pressures  allowed,  p.   173. 

GENERAL    AND    MISCELLANEOUS    PROPERTIES. 

BAILLY,  THOMAS  C.  J.  Determination  of  Actual  Earth  Pressure  from  a  Coffei;- 
dam  Failure.      1906.      (Engineering  News,  v.  56,  p.  170.) 

BECQUEREL,  EDM.,  and  BECQUEREL,  HENRI.  Mcmoire  sur  la  Temperature  de 
r.\ir  a  la  Surface  du  Sol  et  de  la  Terre  jusriu'a  36m.  de  Profondeur,  Ainsi  que 
sur  la  Temperature  de  Deux  Sols.  I'un  Denude,  I'autre  Convert  de  Gazon, 
Pendant  I'Annee  1881.  1882.  (Coniptes  Rendus  Hchdoniadaircs  des  Seances  de 
I'Academie  des  Sciences,  v.  94,  p.  1147-1151.)  Similar  reports  for  other  years 
are  to  be  found  in  v.  82,  p.  587,  700  ;  v.  86,  p.  122  ;  v.  89,  p.  207  ;  v.  90,  p.  578  ; 
v.  92,  p.  1253  ;  v.  94,  p.  1147  ;  v.  96,  p.  1107  :  v.  93,  p.  483. 

BRIQOS,  LYMAN  J.  Mechanics  of  Soil  Moisture.  24  p.  1897.  (United  States 
Soils  Division,  Bulletin  JO.)  Among  other  topics,  discusses  the  capacity  of  soil 
for  water,  adjustment  of  water  between  a  dry  and  a  wet  soil,  and  the  relation 
of  texture,  structure,  and  temperature  to  water  capacity. 

BRIGGS,  LYMAN  J.,  and  McLANE,  JOHN  W.  Moisture  Equivalents  of  Soils.  23  p. 
1907.  (United  States  Soils  Bureau,  Bulletin  JfS.)  Deals  with  method  of 
determining  the  quantity  of  water  which  different  soils  are  capable  of  retaining 
when  the  soil  moisture  is  subjected  to  a  constant  measured  force  sufficient  in 
magnitude  to  remove  the  moisture  from  the  larger  capillary  spaces. 

BRIGGS,  LYMAN  J.  Movement  and  Retention  of  Water  in  Soils.  (Yearbook, 
United  States  Department  of  Agriculture.  1898,  p.  .'',99-404.)  Discusses  surface 
tension  and  capillary  movement  of  water,  and  infiuence  of  texture  of  soils  oa 
movement  of  water. 
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BUCKINGHAM,  EDQAR.  Studies  on  the  Movement  of  Soil  Moisture.  61  p.  1907 
(United  States  Soils  Bureau,  Bulletin  38.)  Devoted  mainly  to  capillary  action 
in  soils. 

CAMERON.    FRANK    K.,    and    BELL,    JAMES    M.      Mineral    Constituents    of   the    Soil 
Solution,      70  p.      1905.      (United  States  Soils   Bureau,   Bulletin  30.)      Treats  of 
soil   in   general,   minerals   in   the  soil   and  their   solubility,    giving   the   effects   of 
various  agencies  on  solubility. 
CAMERON,    FRANK    K.,    and    GALLAGHER,    FRANCIS    E.       Moisture    Content    and 
Physical     Condition     of     Soils.      70     p.      1908.      (United     States     Soils     Bureau, 
Bulletin    50.)      Discusses    penetration    and    cohesion    of    soils,    apparent    specifle 
gravity,  moisture  distribution  and  its  various  effects.      Gives  methods  and  results 
of  experimental  work. 
CAUSE    OF    CAVE-IN    OF    RANDOLPH    STREET,    CHICAGO.       1913.       {Engineering 
Record,  v.   68,   p.   715-716.)      Abstract  of   report   by   a  commission   of  municipal 
engineers.     Inadequate  provision  for  earth  pressure. 
COFFEY,    GEORGE    NELSON.       Study    of    the    Soils    of    the    United    States.       114    p. 
1912.      (United   States  Soils  Bureau,  Bulletin  85.)      "Bibliography",   p.   100-114. 
Discusses  nature  and  origin  of  soils,  soil-forming  agencies,  classification  of  soils. 
Takes  up  the  most  important  soils  in  detail  and  gives  their  mineralogical  com- 
position. 
0AUD.4RD,    JULES.      Notes    on    the    Consolidation    of    Earthworks.      44    dr.      1875. 
(Minutes  of  Proceedings,   Inst.  C.   E.,  v.   39,  p.   218-247.)      Translated   from  the 
French    by    James    Dredge. 
HANCOCK,    WALTER    C.     Physical    Properties    of    Clays.      1913.      (Journal,    Royal 
Society  of  Arts,  v.  61,  p.  560-567.)      Careful  study  and  clear  exposition  of  clays, 
without  special  reference  to  their  value  for  foundations. 
HAYTER,     HARRISON.      Charing     Cross     Bridge.      1863.      {Minutes     of    Proceedings, 
Inst.  C.  E.,  v.  22,  p.  512-539.)      Gives  some  information  on  frictional  resistance 
of  bed  to  descent  of  cylindrical  piers,  p.  514-515. 
HAZARD,    J.       Judging    the    More    Important    Physical    Properties    of    Soils    on    the 
Basis  of  Mechanical  Analysis.      1905.      (United  States  Department  of  Agriculture, 
Experiment  Station  Record,  v.  16,   p.  857.)      Abstract  from  Landw.   Vers.  Stat., 
V.  60,  p.  449-474.     Author  attempts  to  trace  relation  between  size  and  physical 
character  of  particles  and  the  fertility  of  soil. 
HILGARD,     EUGENE     W.       Soils,    Their    Formation,     Properties,     Composition,     and 
Relations  to  Climate  and  Plant  Growth  in  the  Humid  and  Arid  Regions.      593  p. 
1906.      Macmillan    Company,    New    York.      Contents :   Origin    and    Formation    of 
Soils  ;   Physics  of  Soils  ;   Soils  and   Native  Vegetation. 
KARPIZOV,  K.  S.      On  the  Absorptive  Capacity  of  Different  Layers  of  Soils.      1905. 
(United   States    Department   of   Agriculture,   Experiment   Station   Record,    v.    16, 
p.       652-653.)       Ab.stract     from     Pochvovyedenie,     v.     6,     p.     137-151.      Studies 
four   soils,    chernozem,    clay,    podzol   clay    and   sandy   soil,    for   their   capacity   to 
absorb   ammonia,   phosphoric   acid,   and   lime. 
MARBUT,    CURTIS    F.,    and    others.      Soils    of    the    United    States.      791    p.      1913. 
(United  States  Soils  Bureau,  Bulletin   96.)      Complete  handbook  on  the  subject. 
MOLESWORTH,    GUILFORD.      [Physical    Properties   of    Black    Cotton    Soil.]      5    diag. 
1898.      (Minutes   of  Proceedings,   Inst.   C.   E.,    v.    132,    p.    209-213.)      In   discus- 
sion on  W.  L.  Strange's  paper:     "Reservoirs  with  High  Earthen  Dams  in  Western 
^      India." 
MORRIS,    ELLWOOD.      On    the    Compression    of    Earth,    and    the    Increase    of    Rock 
in   Embankment,   Compared  with   the  Volume   in   Excavation.      1841.      {Journal, 
Franklin   Inst.,  v.  32,   p.  236-240.) 
POURIAU,   A.      Comparison   de  la   Marche    de   la   Temperature   dans   I'Air  et   dans   le 
Sol    a    2    Metres   de    Profondeur.      1861.      (Comptes    Rendus    Hebdomadaires    des 
Seances  de  I'Academie  des  Sciences,  v.  53,  p.  647-649.)      Results  of  many  obser- 
vations are  given. 
TOPOGRAPHY    OF   THE    BED    ROCK    UNDERLYING    CHICAGO.      1914.       (Engineer- 
ing-Contracting, V.  42,  p.  601-607.)      Gives  information  about  a  contour  map  of 
Chicago    with   a  contour   interval  of   10   ft.,   based  on   all   records   that  could   be 
obtained. 
UNITED    STATES— SOILS    BUREAU.     Bulletin     1-96,     1895-1913.       No     more     pub- 
lished.     Bulletins   55    and    76    contain    general    information    on   the   soils   of    the 
United  States.     Bulletin  96  is  virtually  a  complete  handbook  on  the  subject. 
UNITED    STATES— SOILS    BUREAU.       Field    Operations    of    the    Division    of    Soils, 
Reports    [1st] — date,    1899 — date.      1900 — date.      First    report    is    Report    61,    of 
the  Department  of  Agriculture.      Although  primarily  undertaken  to   provide  the 
agriculturist   with    accurate   knowledge  of  the   soils,    it   contains   much   informa- 
tion of  value  to  engineers  and  builders. 
WARINQTON,    ROBERT.     Lectures    on    Some    of    the    Physical    Properties    of    Soil. 
231    p.      1900.      Clarendon    Press.      Oxford,    England. 
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WIECHERT.  E.  Distribution  of  Mass  in  the  Earth.  1898.  (Minutes  of  Proceed- 
inris.  Inst.  C.  E.,  v.  133,  p.  463.)  Abstract  from  a  paper  In  Gottinpen 
Nachrichten,  1897,  v.  3,  p.  221-243.  Deals  with  earth-density  at  various 
depths. 

GRANULAR  MATERIALS. 

SAND    AND    GRAVEL. 

Sec  also  Retaining  Walls. 

BORHEK,  R.  J.  Cost  of  Hydraulic  Sand  and  Gravel  Mining.  1915.  (Engineering- 
Contracting,  V.  43,  p.  573-574.)  Gives  cost  figures,  which  are  influenced  con- 
siderably by  the  character  of  the  deposit. 

BOL'SSINESQ,  J.  Note  on  G.  H.  Darwin's  Paper  "On  the  Horizontal  Thrust  of  a 
.Mass  of  Sand."  1882.  (Minutes  of  Proceedings,  In.st.  C.  E.,  v.  12,  p.  262-271.) 
Attempts  to  show  that  Darwin's  conclusions  are  very  similar  to  his  own  as  ex- 
pounded in  his  "Essai  Theorique  sur  I'Equilibre  des  Massifs  Pulverulcnts" 
(Paris,  Gauthier-Villars.  1876).  Refers  to  Darwin's  paper  in  Minutes  of  Pro- 
ceedings,  Inst.  C.  E.,  V.   71,   p.  350. 

BR.\UNING,  C.  Gravel  as  Ballast.  1912.  (Proceedings,  Thirteenth  Annual  Con- 
vention, Am.  Ry.  Eng.  Assoc,  v.  13,  p.  267-289.)  Translated  from  Zeitschrift 
fur  liauwcsen,  1904.      Considers  bearing  value  of  gravel  particles. 

Bl'RGESS,  PHILIP.  Mechanical  Analysis  of  Sands.  1915.  (Journal.  Am.  Water 
Works  Assoc,  v.  2.  p.  493-500.)  Discussion,  p.  500-514.  Advocates  the  adop- 
tion, by  the  Engineering  Profession,  of  a  standard  method  and  standard  ap- 
paratus for  making  mechanical  analyses  of  sands  and  gravels.  Pertains  almost 
exclusively  to  the  analysis  of  filter-bed  materials,  but  some  of  the  subject-matter 
is  adaptable  to  the  analysis  of  concrete  mixtures,  paving  mixtures,  etc. 

CARTWRIGHT,  H.  H.  Tests  of  Grouting  Gravel  in  River  Beds.  1913.  (Engi- 
neering Neivs,  V.  69,  p.  979-984.)  E:xperiments  indicated  formation  of  hard 
foundation  strata  to  be  feasible,  by  forcing  cement  grout  into  soft  foundation 
gravel. 

CHAPMAN.  CLOYD  M.,  and  JOHNSON,  NATHAN  C.  Economic  Side  of  Sand  Test- 
ing. 1915.  (Engineering  Record,  v.  71,  p.  734-737.)  Letter  containing  cor- 
rection to  above,  p.  813.  Emphasizes  the  importance  and  the  practical  value  of 
the  testing  of  sand  that  is  to  be  used  in  concrete.  Outlines  methods  and  cites 
examples  showing  saving  effected. 

CURTIS,  W.  W,  Sand  as  a  Foundation.  1886.  (Engineering  News,  v.  15,  p. 
314-316,  340-342.)  Presents  data  obtained  by  several  French  investigators  on 
the  physical  and  mechanical  properties  of  sand. 

DARWIN,  GEORGE  HOWARD.  On  the  Horizontal  Thrust  of  a  Mass  of  Sand.  10 
diag.,  2  dr.  1882.  (Minutes  of  Proceedings,  Inst.  C.  E.,  v.  71,  p.  350-378.) 
Attempts  to  verify  the  theoretical  investigations  of  Coulomb,  Rankine,  and  others, 
by  a  series  of  experiments.     See  also  note  by  Gaudard. 

FORCHHEIMER,  PH.  Ueber  Sanddruck  und  Bewegungserscheinungen  im  innern 
Trockenen  Sandes.  7  diag.,  2  dr.,  1  pi.  1882-83.  (Zeitschrift,  Oester- 
reichischen  Ingenieur—  und  Architekten-Vereines,  v.  34,  p.  111-126  ;  v.  35,  p. 
103-108.)  Gives  a  brief  historical  review  of  the  work  done  on  sand  pressure, 
lateral  movement  of  sand,  and  angle  of  repose  of  sand  masses.  Describes  author's 
own  experiments,  giving  the  kinds  of  sand  used,  apparatus,  methods  of  meas- 
urement and  results  obtained. 

GAL'DARD,  JULES.  Note  on  Mr.  G.  H.  Darwin's  Paper  "On  the  Horizontal  Thrust 
of  a  Mass  of  Sand."  1882.  (Minutes  of  Proceedings,  Inst.  C.  E.,  v  72.  p. 
272-274.) 

HERSHAM,  ERNEST  A.  Flow  of  Sands  Through  Orifices.  1914.  (Journal, 
Franklin  Inst.,  v.  177,  p.  419-444.)  Experiments  to  determine  fiow  of  dry  sands 
and  similar  substances  through  orifices,  under  varied  conditions  and  different 
sand-heads.      Results   shown  with   charts   and  tables. 

HUBBE.  Von  der  Deschaffenheit  und  dem  verhalten  des  Sandes.  2  pi  1861 
(Zeitschrift  filr  Bauwesen,  v.   11,   p.   19-42,    183-226.) 

KICK,  FR.  Das  Gesetz  der  proportionalen  Widerstande  und  seine  Anwendung  auf 
Sanddruck  und  Sprengen.  2  diag.  1883.  (Dinglcr's  Polytechnisches  Journal, 
V.  250,  p.  141-145.) 

McCULLOUGH,  F.  M.  Local  Sands  and  Gravels  as  Aggregates  in  Concrete.  1915. 
(Proceedings,  Engrs.'  Soc.  of  Western  Pennsylvania,  v.  30,  p.  334-367.)  Discus- 
sion, p.  368-379.  Concerned  mainly  with  behavior  of  sand  and  gravel  in  con- 
crete, but  discusses  briefly  the  mechanical  and  physical  properties  of  sands  and 
gravels  of  the  Pittsburgh  region. 

MARSH,  GEORGE  P.  The  Earth  as  Modified  by  Human  Action  ;  a  Last  Revision 
of  "Man  and  Nature."  629  p.  1885.  Scribner.  Chapter  5  ("The  Sands",  p. 
525-583)    deals  with  nature  and  distribution  of  sand  and  sand  dunes. 
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MERRIMAN,  MANSFIELD.  On  the  Theories  of  the  Lateral  Pressure  of  Sand 
Against  Retaining  Walls.  1887.  (School  of  Mi7ies  Quarterly,  v.  9,  p.  109-112.) 
Paper  read  before  the  American  Association  for  the  Advancement  of  Science.  Re- 
views accepted  formulas  and  claims  that  they  are  not  sufficiently  based  on 
experiment. 

• Abstract.      1888.      (Eniiineering  Newti,  v.  19,  p.  152.) 

Abstract.      1887.      {Proceedings,  Am.   Assoc,  for  the  Advancement  of  Science,  v. 

36,   p.   166.) 

MONTGOMERY,  CHARLES  M.  Sand  Testing  at  New  York.  1915.  (Engineering 
Record,  v.  71,  p.  551-552.)  Discusses  test  requirements  for  acceptance  of  sand 
used   by   Board   of  Water   Supply  of  New  York. 

MURPHY,  E.  C.  Density  and  Draining  Capacity  of  Artificial  and  Natural  Mix- 
tures  of   Sand   and   Gravel.      1909.      (Engineering   Neios,   v.    62,    p.   335.) 

PARTIOT.  Memoire  sur  les  Sables  de  la  Loire.  1871.  (Annalcs  des  Fonts  et 
Cliaussees,  ser.  5,  v.   1,   p.  233-292.) 

ROLLAND,  G.  Sur  les  Grandes  Dunes  de  Sable  de  Sahara.  1881.  (Comptes 
Rendus  Hehdonvidaires  des  Seances  de  I'Academie  des  Sciences,  v.  92,  p. 
968-971.) 

SAND  FOUNDATIONS  FOR  HIGH  BUILDINGS.  1912.  (Engineering  Record,  v. 
66,  p.  310.)      Gives  various  loads  on  sand. 

SINGULAR  PHENOMENON  IN  SAND.  1884.  (Engineering  News,  v.  11,  p.  65.) 
Short  note.  Pile  embedded  upright  in  sand  has  been  seen  to  move  bodily  down 
stream. 

STANDARD  APPARATUS  AND  PROCEDURE  RECOMMENDED  FOR  SAND  ANALY- 
sis.  1915.  (Engineering  Record,  v.  71,  p.  644.)  Discussiov.  by  Allen  Hazen, 
p.  644-646.  Abstract  of  paper  by  Philip  Burgess  before  American  Water  Works 
Association,  May,  1915.  Outlines  difficulties  encountered  in  making  tests  of 
sand  for  filters,  for  concrete,  and  for  asphalt  mixtures.      Suggests  remedies. 

SUBSTRUCTURE  OP  THE  NEW  YORK  MUNICIPAL  BUILDING.  1910.  (Engineer- 
ing Record,  V.  62,  p.  57-58.)  Editorial,  chiefly  discussing  the  tests  on  the 
bearing  value  of  sand. 

WILMS,  W.  H.  Stripping  of  Gravel  Pits  by  Hydraulic  Methods.  1915.  (Rail- 
way Age  Gazette,  v.  58,  p.  1430-1433.)  Outline  of  conditions  under  which  this 
practice  is  economical,  and  description  of  the  manner  of  handling  the  work. 

WILSON,  GEORGE.  Some  Experiments  on  Conjugate  Pressures  in  Fine  Sand,  and 
Their  Variation  with  the  Presence  of  Water.  4  diag.,  2  dr.  1902.  (Minutes 
of  Proceedings,  Inst.  C.  E.,  v.  149,  p.  208-222.)  Experiments  on  lateral  pressure 
of   earth   work. 

QUICKSAND. 

BRIGDEN,  W.  W.  Quicksand  Excavation  at  Battle  Creek  [Mich.].  1914.  (Engi- 
neering Record,  v.  69,  p.  163-164.)  Paper  before  Michigan  Engineering  Society. 
Describes  difficult  piece  of  excavation  in  quicksand,  in  constructing  a  pumping 
station  for  an  Artesian-well  water-supply. 

BRUNLEES,  JAMES.  Description  of  the  Iron  Viaducts  Erected  Across  the  Tidal 
Estuaries  of  the  Rivers  Leven  and  Kent,  in  Morecambe  Bay,  for  the  Ulverstone 
and  Lancaster  Railway.  1  pi.  1858.  (Minutes  of  Proceedings,  Inst.  C.  E.,  v. 
17,   p.  442-447.)      Treats  of  bearing  value  of  quicksands. 

BUILDING  AND  MACHINERY  FOUNDATIONS  IN  QUICKSAND.  2  dr.  1906.  (En- 
gineering Record,  v.  53,  p.  247-248.)  Fourteen-story  office  building,  with  pile 
foundation. 

LANDRETH,  WILLIAM  B.  Improvement  of  a  Portion  of  the  Jordan  Level  of  the 
Erie  Canal.  1900.  (Transactions,  Am.  Soc.  G.  E.,  v.  43,  p.  566-602.)  Paper 
and  discussion  giving  valuable  information  on  quick^=and   and  its  bearing  value. 

Abstract.      1900.      (Engineering   Record,   v.   41,    p.    137.) 

SINKING  MACHINERY  FOUNDATIONS  IN  QUICKSAND  WITHOUT  EXCAVATION. 
1905.  (Engineering  Record,  v.  52,  p.  526.)  Describes  erection  of  boring  mill 
in  General  Electric  Company's  plant  at  Schenectady. 

STEEL  PILE  FOUNDATION  IN  A  QUICKSAND  POCKET.  1908.  (Engineering 
Record,  v.  57,  p.  203.)  Details  of  work  on  foundation  of  16-story  building  in 
New  York  City. 

GRAIN. 
See   also    Retaining    Walls. 

AIRY,  WILFRID.  Pressure  of  Grain.  1897.  (Minutes  of  Proceedings,  Inst.  C.  E., 
V.  131,  p.  347-358.)  Considers  grain  as  semi-fluid.  Confirms  formulas  of 
Roberts. 

ORANDVOINNET,  J.  A.,  and  RICHOU,  G.  De  la  Pression  des  Grains  en  Magasin. 
1883.  (Le  Genie  Civil,  v.  3,  p.  109-111.)  Reviews  the  experimental  work  on 
this  subject,  especially  that  of  Isaac  Roberts. 


l''M''"'"'l  BEARING    VALUK   OF   SOILS  1221 

JAMIl:SON,  J.  A.  Grain  Pressures  in  Deep  Bins.  1903.  (Transactions,  Can. 
Soc.  C.  IC.  V.  17.  p.  554-654.)  Reviews  previous  work  and  describes  experiments 
witli  grain  in  the  bins  of  tlie  Canadian  Pacific  Railway  elevator  at  West  St 
John,  N.  B. 

1904.      (Engineering  News,  v.  51,  p.  236-243.) 

JANSSEN,  H.  A.  Versuche  iiber  Oetreidedruck  in  Silozellen.  1895.  (Zeitschrift, 
Verein  deutscher  Ingenieure.  v.  39,  p.  1045-1049.)  Tests  to  obtain  vertical 
pressure  of  grain.  After  obtaining  the  coefflc-icnt  of  friction  between  grain 
and  the  bin  wall  materials,  author  derived  a  formula  for  calculating  pressures  in 
bins   of  different  sizes. 

Condensed.      1896.      (Minutes  of  Proceedings,  Inst.  C.  E.,  v.  124,  p.  553-555.) 

LL'FFT.  ECKHARDT.  Tests  of  Grain  Pressure  in  Deep  Bins  at  Buenos  Aires, 
.•\rgi  iitina.  1904.  (Engineering  Neivs,  v.  52,  p.  531-532.)  Tests  were  made 
on  a  bin  of  19  000  bushels  capacity.  Satisfactory  agreement  was  obtained  be- 
tween the  calculated  and  observed  pressures. 

Abstract.     1905.      (Le  Genie  Civilj  v.  46,  p.  214-215.) 

Pl.EISSNER,  J.  Versuche  zur  Ermittlung  der  Boden-  und  Leitenwanddriicke  in 
Getreidesilos.  1906.  (Zeitschrift,  Verein  deutscher  Ingenieure,  v.  50,  p.  976- 
986.  1017-1022.)  Experimental  determination  of  the  actual  vertical  and  lateral 
pressures  of  grain  in  wooden  and  reinforced  concrete  bins. 

Abstract.      1906.      (Le  Genie  Civil,  v.  49,  p.  271-272.) 

PRANTE.  Messungen  des  Getreidedruckes  gegen  Silowandungen.  1896.  (Zcit- 
schift,  Verein  deutscher  Ingenieure,  v.  40,  p.  1122-1125.)  Tests  were  made 
with  a  view  to  obtaining  the  lateral  pressure  of  grain  in  a  cylindrical  bin. 
Greatly  increased  pressure  obtained  with  grain  in  motion,  when  being  drawn 
out  of  the  bin. 

ROBERTS,  ISAAC.  Pressure  of  Stored  Grain  ;  on  the  Pressure  of  Wheat  Stored  in 
Elongated  Cells  or  Bins.  1882.  (Engineering,  v.  34,  p.  399.)  Paper  before 
British  Association  for  the  Advancement  of  Science. 

SEE,  ALEXANDRE.  Calcul  des  Parois  des  Silos  a  Grains.  8  diag.  1905. 
(Le  Genie  Civil,  v.  46,  p.  377-379.)  Develops  a  mathematical  theory  of  grain 
pressure  on  container  walls. 

WHITED,  WILLIS.  Plow  of  Semi-fluids  Through  Orifices.  1901.  (Proceedings, 
Engrs."  Soc.  of  Western  Pennsylvania,  v.  17,  p.  113-129.)  Investigates  flow  of 
solid  particle.-;,  somewhat  spherical  in  form,  and  without  adhesion.  Advances  no 
theory  to  explain  results  obtained.     WTieat  was  used  in  carrying  out  experiments. 

MISCELLANEOUS. 

COMPUTATION  OF  STRAINS  IN  COAL  AND  GRAIN  BINS.  1897.  (Engineering 
Sews,  v.  38,  p.  200-201.)  Discusses  pressure  of  solids  upon  sides  of  bins.  See 
also  Letters,  p.  293-296,  426-428. 

COYKENDALL.  T.  C.  Theory  of  Stress  in  a  Granular  Mass.  6  diag.  1890. 
(School  of  Mines  Quarterly,  v.   12,   p.   1-13.)      Mathematical   paper. 

DESIGN  OF  THE  COAL  BIN  AT  THE  PATERSON  ELECTRIC  LIGHT  STATION. 
1897.  (Engineerino  Neics,  v.  38.  p.  196-198.)  Discusses  lateral  pressure  of 
coal  against  sides  of  bin,  that  had  failed.  Includes  letter  from  the  designers  on 
the  principles  of  design  followed. 

DULL,  R.  W.  Some  Formulas  and  Tables  for  Bin  Designing.  1904.  (Engineer- 
ing Neu-s,  V.  52,  p.  62-66.)  Considers  pressures  on  bin  walls,  with  particular 
reference  to  pressure  of  bituminous  coal. 

FAILURE  OF  A  LARGE  COAL  BIN  AT  PATERSON,  N.  J.  1897.  (Engineering 
-Veirs,  v.  38,  p.  142-144.)      Does  not  go  into  details  of  design. 

KETCHUM,  MILO  S.  Desipn  of  Walls.  Bins  and  Grain  Elevators,  ed.  2.  556  p. 
1911.  Pt.  1.  p.  3-163,  is  on  "The  Design  of  Retaining  Walls."  Di.scusses  work 
of  previous  investigators,  and  draws  conclusions  from  it.  Exhaustive  review  of 
experiments  on  pressures  of  grain  and  other  materials  in  bins. 

LATERAL  PRESSURE  OF  GRANULAR  MATERIALS.  1904.  (Engineering  Rec- 
irrd,  v.  49.  p.  502.)  Editorial  discussion  of  experimental  work  by  Jamieson  with 
grain,  and  by  Goodrich  with  earth. 

RANKINE,  WILLIAM  JOHN  MACQUORN.  On  the  Stability  of  Loose  Earth.  4 
diag.  1857.  (Philosophical  Transactions,  Royal  Soc.  of  London,  v.  147,  pt.  1, 
p.  9-27.)  "Mathematical  theory  of  that  kind  of  stability,  which,  in  a  mass 
composed  of  separate  grains,  arises  wholly  from  the  mutual  friction  of  those 
grains,  and  not  from  any  adhesion  amongst  them." 

Translated.     1874.      (Annales  des  Ponts  et  Chaussees,  ser.  5,  v.  8,  p.  131-168.) 
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ROBERTS,  ISAAC.  Determination  of  the  Vertical  and  Lateral  Pressures  of  Gran- 
iilar  Substances.  1884.  (Proceedinps,  Royal  Soc.  of  London,  v.  36,  p.  225-240.) 
B.xperiments  were  carried  out  with  wheat  and  peas,  with  the  object  of  deter- 
mining pressures,   to   be  used  in  calculations  for  the  design  of  bins. 

SMITH,  J.  HAMMOND.  Laboratory  Method  of  Determining  Pressure  on  Walls  and 
Bins.  1915.  (Proceedings,  Am.  Soc.  for  Testing  Materials,  v.  15,  pt.  2,  p.  382- 
394.)  Discussion,  p.  395-398.  Describes  apparatus  for  testing  pressure  on 
walls  and  bins,  explains  theory  of  apparatus,  and  presents  test  results  in  tab- 
ulated  form. 

FOUNDATIONS 

See  also  Chemical  and  Physical  Properties  of  Soils.      Bearing  Value.      Piles. 

ABBOTT,   HUNLEV.      Method  of  Constructing  Gas  Holder  Foundations  in  Soft  Soils, 

with   Some   Costs.      1912.      (Engineei'ing-Contracting,   v.   37,   p.    199-200.) 
AKADEMISCHER    VEREIN    HUTTE.      Hiitte,    des    Ingenieurs    Taschenbuch.      ed.    21. 

3  V.      1911.      "Statik  der  Baukonstruktionen",   v.   3,   p.   56-225  ;    "Grundbau",   v. 

3,    p.    226-264.      Includes    consideration    of    earth    pressure    and    retaining    wall 

design. 

ALLAIRE,  ALEXANDER.  Foundation  Work  in  Montreal.  1  dr.,  4  ill.  1912. 
[Canadian  Engineer,  v.  22,  p.  188-190.)  Considers,  in  general,  quality  of  soils 
underlying  Montreal  and  types  of  foundations  constructed  for  different 
structures. 

AMERICAN  RAILWAY  ENGINEERING  ASSOCIATION.  Design  of  Foundations  for 
Piers,  Abutments,  Retaining  Walls  and  Arches  in  Various  Soils  and  Depths  of 
Water  (not  Including  Pneumatic  Foundations).  1916.  (Proceedings,  Seven- 
teenth Annual  Convention,  Am.  Ry.  Eng.  Assoc,  v.  17,  p.  225-231.)  Report  of 
Committee  VII,  Sub-Committee  "D".  Considers  bearing  value  of  soils  for  foun- 
dations ;  allowable  pressure  on  foundation  soils  and  on  piles  ;  uplift  or  buoy- 
ancy effect  on  submerged  foundations  ;  formulas  for  determining  pressures  on 
foundations  ;  pile  cut-off  and  proper  depth  of  foundation  to  avoid  frost  action. 

ANDERSON,  WILLIAM.  Antwerp  Water  Works.  1883.  (Minutes  of  Proceedings, 
Inst.  C.  E.,  V.  72,  p.  24-44.)  Discussion,  p.  44-78.  Foundations,  p.  37-38, 
53-55.  Different  ways  of  building  foundations  are  discussed,  also  supporting 
power  of  piles  as  calculated  by  Sanders'  formula. 

AUS,  GUNVALD.  Reinforced  Wall  Foundations  on  Yielding  Subsoil.  800  w. 
3  dr.  1908.  (EngineoHng  News,  v.  60,  p.  5.)  Briefly  touches  on  yielding  prop- 
erties of  light  soils,  and  favors  use  of  continuous  foundation  under  walls,  heavily 
reinforced  with  longitudinal  and  transverse  steel  or  reinforced  concrete   beams. 

BASSELL,  BURR.  Earth  Dams :  A  Study.  66  p.  1904.  Careful  study  of  prin- 
ciples involved  in  building  dams,  with  descriptions  of  important  dams.  Contains 
chapter,  "Outline  Study  of  Soils." 

BLIGH,  W.  G.  Dams  and  Weirs.  206  p.  1915.  American  Technical  Society. 
Contains  considerable  data  on  the  influence  of  the  character  of  foundation  soils, 
with  special  reference  to  dams  and  weirs. 

BLIGH,  W.  Q.  Practical  Design  of  Irrigation  Works,  ed.  2,  rev.  and  enl.  443  p. 
1910.  Van  Nostrand.  Chapter  6,  p.  162-205,  treats  of  "Diversion  Weirs  on 
Sand  Foundations."  Devoted  to  the  construction  and  performance  of  weirs  hav- 
ing no  foundation  other  than  sand. 

BLYTH,  EDWARD  LAWRENCE  IRELAND.  Description  of  the  Loch  Ken  Viaduct, 
Portpatrick  Railway.  1862.  (Minutes  of  Proceedings,  Inst.  C.  E.,  v.  21,  p. 
258-264.)      Presents  data  on  load  supported  on  piers,  p.  260. 

BOWEN,  CHARLES  F.  Difficult  Foundation  Work  on  the  Amoskeag  Savings  Bank 
Building,  Manchester,  N.  H.  1914.  (Engineering  News,  v.  71,  p.  1126-1129.) 
Difficulty  caused  by  water-bearing  strata  below  basement  level,  and  by  pres- 
ence  of   adjacent  party   wall. 

BRICK  AND  IRON  FOUNDATION  FOR  A  GERMAN  BUILDING.  800  w.  1898. 
(Engineering  Record,  v.  38,  p.  9.)  Alluvial  clay  stratum  with  supporting  power 
of  about  3  200  lb.  per  sq.  ft.  makes  up  foundation  soil. 

BUETTELL,  R.  B.  Foundations  of  the  Union  National  Bank  Building  Cleveland 
Ohio.  1916,  (Wisconsin  Engineer,  v.  20,  p.  268-273.)  Gives  details  of  diffi- 
culties encountered  in  designing  foundations  for  this  building,  and,  in  some  detail, 
treats  of  the  influence  of  the  character  of  the  soil  on  such  design. 

BUILDING  POWER  HOUSE  AND  DAM  ON  SAND  FOUNDATION.  1916  (Enai- 
neering  News,  v.  75,  p.  1113-1116.)  Power-house  and  1  000-ft.  concrete  dam 
built  on  deep  sand  bed  of  Wisconsin  River.  Sand  confined  between  lines  of  steel 
sheeting  and  covered  with  loose  rock.  Wood  piles  driven  within  the  inclosure. 
Special  protection  against  wash  at  down-stream  side  of  dam. 
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CHRISTENSEN,  C.  L.  Design  of  Pole  Foundations:  Derivation  of  Formula  Based 
on  the  Compressive  and  Frictional  Resistance  to  Overturning  Offered  by  Ordinary 
Soil.  1914.  {Eitfjinccrinci  Record,  v.  70,  p.  243-244.)  Deals  with  design  of 
foundations  for  transmission  line  poles.  Considers  resisting  moment  from  pas- 
sive earth  pressure. 

COMPOSITE  SAND  AND  ROCK  FOUNDATION  FOR  A  TALL  BUILDING.  2  dr. 
1910.  {Euijinrcriixj  Xcics,  v.  G3,  p.  24-26.)  Describes  foundation  base  of 
Municipal  Building,  New  York  City,  25-story  office  building  with  a  tower  rising 
560  ft.  above  street  level.  Decision  is  for  two-thirds  of  building  to  be  founded 
on   rock,  the  remainder  on  sand. 

CONCRETE  FOUNDATIONS  IN  SHIFTING  GROUND.  1908.  {Engineering  Neivs, 
V.  59,  p.  57,3.)  Stable  foundations  were  obtained  by  founding  chain-conveyor 
footings  on  rock  below  earth  which  had  been  gradually  creeping  or  sliding. 

CONSTRUCTING  THE  FOUNDATIONS  OF  THE  SEAMEN'S  CHURCH  INSTITUTE. 
New  York.  1912.  (Enginca-ing  Record,  v.  65,  p.  105-107.)  Pneumatic  wall 
caissons  were  sunk  through  mud,  clay,  sand,  and  hardpan,  to  about  40  ft.  below 
street. 

CONSTRUCTION  D'UN  GRAND  BATIMENT  INDUSTRIEL  EN  BETON  ARME  SUR  UN 
Terrain  sans  Resistance.  1910.  (Le  Genie  Civil,  v.  56,  p.  454.)  Short  note 
giving  Italian  practice. 

CORRIVEAU,  R.  de  B.  Settlement  of  a  Foundation  on  Silt  and  Alluvium.  1907. 
[Engincerijig  News.  v.  57,  p.  71.)  Letter  to  editor.  Gives  case  of  settlement 
of   a    shallow   foundation    in   silt    and    alluvium. 

CREMERS,  J.  J.  CANTER.  Determination  des  Elements  Necessaires  au  Calcul  de 
la  Pouss6e  des  Terres.  1916.  (Le  Genie  Civil,  v.  69,  p.  75-77.)  Calculation  of 
earth  pressures  with  reference  to  the  use  of  concrete  in  foundations. 

DANTIN,  CH.  Calcul  des  Dimensions  et  du  Pouvoir  Porteur  des  Pieux  de  Fonda- 
tion.  G  diag.  1912.  (Le  Genie  Civil,  v.  60,  p.  246-250.)  Mostly  a  review 
of  the   work   by   Benabeng  and   Resal   on  the   subject. 

DESNOVER,  CROIZETTE.  Memoire  sur  I'Etablissement  des  Travaux  dans  les 
Terrains  Vaseaux  de  Bretagne.  8  pi.  1864.  (Annalcs  des  Fonts  '  et 
Chaitssees,  ser.  4,  v.  7,  p.  275-396.)  French  foundation  practice  on  alluvial 
soils. 

DETERMINATION    EXPERIMENTALE    DE    LA     RESISTANCE    DES    TERRAINS     DE 

Fondation.      1908.      (Le  Genie  Civil,  v.   53,   p.  293-294.) 
DEVELOPMENT  OF  SHALLOW  AND   DEEP  FOUNDATIONS   FOR   CHICAGO   BUILD- 

ings.  1904.  (Engineering  Ncivs,  v.  52,  p.  560-563.)  Gives  brief  informa- 
tion   as   to   nature  of   Chicago   soils   at   different   depths. 

DILLEY,  WILFRID  JOSEPH.  Footings  in  Foundations.  6  diag.  1905.  (Minutes 
of  Proceedings,  Inst.  C.  E.,  v.  163,  p.  309-318.)  Discusses  tangential  stress 
on  the  soil,  and  stresses  and  reactions  when  center  of  pressure  coincides  with 
geometrical    center    of    area    of    foundation. 

DOBSON,  E.  Foundations  and  Concrete  Works,  ed.  3,  enl.  120  p.  1872.  Lock- 
wood.  Contains  synopsis  of  principal  kinds  of  foundation  works,  with  the  usual 
modes  of  treatment.  Includes  remarks  on  footings,  planking,  sand,  concrete,  pile- 
driving,  caissons,  and  coffer-dams. 

DRAKE,  FRANCIS  E.  Concrete-Pile  Holder  Foundation.  1915.  (Gas  Age,  v.  35, 
p.  221-224.)  Paper  before  New  England  Association  of  Gas  Engineers.  Gas 
holder  constructed  on  filled  ground.  Hardpan  was  reached  by  the  piles  at  an 
average   depth   of   13    ft.    9    in.      The    "pedestal    pile"    was   used. 

DYE,  IRA  W.  Tower  Foundations  for  the  Cristobal-Balboa  Transmission  Line. 
1915.  (Proceedings,  Engrs.'  Soc.  of  Western  Pennsylvania,  v.  30,  p.  973- 
990.)  Describes  work  under  difficult  conditions.  Some  of  the  foundations 
were   on   steep   fills,    in    swamps,    and    in    other    unusual    locations. 

ESPITALLIER,  G.  La  Fondation  des  Ouvrages  en  Terrains  Vaseux.  1905.  (Le 
Genie  Civil,  v.  47,  p.  329-331.)  Considers  diEacult  foundation  work  at  Saigon, 
Indo-China,    on   muddy    ground. 

.\b.^tract.      1906.      (Mimites   of  Proceedings,   Inst.    C.    E.,    v.    164,   p.    451-452.) 

EWEN,  JOHN  M.  Foundations  for  Chicago  Buildings.  1905.  (Journal,  Western 
Soc.  of  Engrs.,  v.  10,  p.  687-704.)  Gives  information  regarding  nature  of 
Chicago   soils   at   different   depths   and   discusses   foundation   practice. 

FOUNDATION  FOR  THE  CANAL  AND  CLAIBORNE  ELECTRIC  RAILWAY  POWER 
House,  New  Orleans,  La.  1  dr.  1897.  ( Engitn-ering  yews,  v.  38,  p.  124- 
125.)  Foundation  soil  is  new  material  to  depth  of  about  35  ft.  underlaid 
with  natural  stratum  of  gravel  and  shells,  from  3  to  7  ft.  thick.  Building 
walls    were   carried   on   piles. 

FOUNDATION  WORK  ON  THE  MUNICIPAL  BUILDING,  NEW  YORK.  3  diag.  1910. 
(Engineering  Record,  v.  62,  p.  46-48.)  Gives  tests  of  bearing  value  of  sand, 
p.  46-47. 
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FOUNDATIONS  AND  UNDERPINNING  IN  MUD  AND  SAND.  1906.  (Engineering 
Record,  v.  53,  p.  167.)  Describes  fouudations  of  eight-story  building  in  New 
York  City. 

FOUNDATIONS  FOR  HEAVY  BUILDINGS.  1891.  (Engineering  Record,  v.  23,  p. 
140-142.)  Mostly  a  discussion  of  the  ever-increasing  foundation  ICads  per  unit 
area  and  of  the  proper  means  of  securing  safety. 

FOUNDATIONS  FOR  THE  NEW  CITY  HALL  IN  CHICAGO.  2  ill.  1909.  (Engi- 
neering Record,  v.  59,  p.  745-747.)  Bed-rock  at  site  of  building  is  overlaid  by 
successive  layers  of  water-bearing  strata,  hardpan,  blue  clay,  yellow  clay,  muck, 
and  refuse  filling  material. 

FOUNDATIONS    OF    THE    FIREMEN'S    INSURANCE    BUILDING    IN    NEWARK.      1911. 

(Engineering   Record,   v.    64,    p.    636-637.)      Excavations   were   through    quaking 

sand   and   a  subterranean   stream.      Steel   sheet-piling   was   used. 
FOUNDATIONS  OF  THE   MUNICIPAL   BUILDING,  NEW   YORK  CITY.       2  diag.,  3  dr.. 

6  ill.      1910.      (Engineering  Nev)s,  v.  64,  p.  523-529.)      Partly  on  rock  and  partly 

on  sand.      Results  of  tests  are  given. 

FOUNDATIONS    OF    THE    NEW    POST    OFFICE    AND    GOVERNMENT    BUILDING    AT 

Chicago.  5  diag.,  1  dr.  1898.  (Engineering  Neivs,  v.  39,  p.  66-68.)  Indi- 
cates successive  soil  strata  for  four  borings,  showing,  in  general,  blue  clay  of 
varying  consistency  between  layer  of  filling  and  the  hardpan. 
FOUNDATIONS  OF  THE  NORTHWESTERN  RAILWAY  TERMINAL,  CHICAGO. 
1909.  (Engineering  Record,  v.  59,  p.  595-597.)  Details  of  unusual  foundation 
work  through  soft  soil,  blue  clay,  and  hardpan  to  rock. 

FOWLER,  CHARLES  EVAN.  Practical  Treatise  on  Subaqueous  Foundations,  In- 
cluding the  Coffer-dam  Process  for  Piers  and  Dredges  and  Dredging,  with 
Numerous  Practical  Examples  from  Actual  Work.      ed.   3,   rev.  and  enl.      814  p. 

1914.  John  Wiley  &  Sons,  New  York.      [Bearing  value  of  soils],  p.  409-423,  491. 

FRYE,  ALBERT  1.  Civil  Engineers'  Pocket-book.  1611  p.  1913.  Van  Nostrand. 
Includes  data  on  theory  and  properties  of  earth,  earthworks,  foundations,  retain- 
ing walls,  piles  and  pile  driving,  earth  dams.  Bibliographical  notes  at  end  of 
each  main  division. 

OAUDARD,  JULES.  On  Foundations.  1877.  (Minvtes  of  Proceedings,  Inst.  C.  E.,  v. 
50,  p.  112-147.)  Gives  various  methods  of  foundation  construction,  safe  loads 
for  various  soils,  and  information  on  friction  of  cylinders  in  soils. 

GOTTLIEB,  A.  Foundations  and  Floors  for  the  World's  Fair  Buildings.  1891. 
(Engineering  Record,  v.  25,  p.  15-16.)  After  tests  with  loaded  platforms,  spread 
foundations  were  adopted  on  a  sandy  bottom  with  clay  substrata. 

GREAT  BRITAIN — PATENT  OFFICE.  Abridgment  of  Specifications:  Class  68, 
Hydraulic  Engineering.  1855-1908.  Classified  abstracts  of  British  patents. 
Includes  subaqueous  structures,  caissons,  coffer-dams,  piles  and  pile-driving,  sea 
walls,  and  retaining  walls. 

GRUEBER,  PAUL.  Wetzmann  Retaining  Dam.  7  diag.  1886.  (Engineering 
Nexvs,  V.  15,  p.  353-354.)  Translated  from  Central-Blatt  der  Bauverwaltung, 
June,  1885.  The  principles  of  the  erosive  action  of  torrential  streams,  as 
developed  by  Alexander  Surrell,  were  successfully  applied  to  protective  works  in 
the  Alps. 

GUARINI,  EMILE.  Mechanical  Compression  of  the  Ground  in  the  Construction  of 
Ftoundations.  1906.  (Scientific  Amei-ican,  v.  108.  n.  s.,  v.  94,  p.  476-477.) 
Method  "consists  in  compressing  the  ground  by  treating  it  with  concrete  in  such 
a  way  as  to  compress   it   laterally   and   depthwise." 

HASELER,  E.,  and  others.  Erd-  und  Felsarbeiten.  Erdrutschungen.  Stiitz- 
und  Futtermauern.  414  p.  12  folding  pi.  1905.  (Handbuch  der  Ingenieur- 
wlsseuschaften,  pt.  1,  v.  2,   ed.  4,   rev.)      Literatur,  p.  403-407. 

HATCH,  JAMES  N.  Chicago  Foundations.  1  diag.,  3  dr.  1904.  (Architects' 
and  Builders'  Magazine,  v.  5,  p.  555-561  ;  v.  6,  p.  18-24.)  Depth  and  nature 
of  strata  determined  from  borings  at  time  of  construction  of  Post  Office  Build- 
ing.     Discusses  generally  soils  underlying  business  district  of  Chicago. 

HICKS,    LEWIS    A.      Standardized    Square    Footings    of    Reinforced    Concrete.      62    p. 

1915.  Accompanied  by  a  working  chart,  15%  by  17%  in.  Presentation  of 
methods  for  practical  utilization  of  the  data  given  in  Bulletin  67  of  the  Univer- 
sity of  Illinois. 

HILL,    GEORGE.      Foundations.      1893.      (American    Architect,    v.    41,    p.    179-182.) 

Discusses  testing  of  soils,  bearing  value  of  various  soils,  bearing  value  of  piles, 

and  treatment  of  soils. 
HOWE,    MALVERD   A.      Foundations :    a   Short   Text-book   on   Ordinary   Foundations, 

Including    a    Brief   Description    of   the   Methods    Used    for    Difficult    Foundations. 

110   p.      1914.      John   Wiley   and   Sons,   New  York.      "References"   at   the   end   of 

each  chapter.     "Supporting  Capacity  of  Soils,"  p.  1-12. 
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HlfNT,  RANDELL.  Priiiriijlcs  Goveininp  the  Design  of  Foundations  for  Tall 
ItuildinKs.  JSOO.  {Journal,  Assoc.  Eng.  Soc-.,  v.  17.  p.  1-26.)  Gives  brief 
inforinntion  ami  suggestions  regarding  soil  foiindations  and  the  desirable  factor 
of  safety  in  loading  soils. 

HUTTON,  VV.  R.  Foundations  of  High  Buildings.  1893.  (Engineering  Record, 
V.  2S.  p.  2C8-270.)  Paper  before  Congress  of  Architects,  Chicago.  Discusses 
N'ew  York  and  Chicago  foundation  practice,  and  the  nature  of  the  underlying 
soils.      Considers  extent  of  lateral  displacement  of  soil  due  to  vertical  load. 

JACOBY,  HENRY  S.,  and  DAVIS,  ROLAND  P.  Foundations  of  Bridges  and  Build- 
ings. 603  p.  1014.  McGraw-Hill  Book  Company,  New  York.  Excellent  book, 
covering  subject  thoroughly.  "Bearing  Power  of  Piles,"  p.  75-115.  Formulas 
for  bearing  power  of  concrete  piles,  p.  161-162.  "Tests  f6r  Bearing  Capacity," 
p.  531-534.  "Values  of  Bearing  Capacity,"  p.  534-537.  "References  to  Engi- 
neering Literature,"  p.  562-597. 

KENT,  WILLIAM.  Mechanical  Engineer's  Pocket-book.  ed.  9.  1526  p.  1916. 
Wiley.     Brief  treatment  of  properties  of  soils,  foundations,  piles,  etc. 

KIDDER,  FRANK  EUGENE.  Architects'  and  Builders'  Pocket-book.  ed.  16.  Thomas 
Xolait.  Editor-in-Chief.  1S16  p.  1916.  Wiley.  Inchulos  considerable  data  on 
soil  cliaracteristics  as  relating  to  bearing  power,  foundations,  piles,  retaining 
walls,  etc. 

KOENICi,  ARNOLD  C.  Dams  on  Sand  Foundations  ;  Some  Principles  Involved  in 
Their  Design,  and  the  Law  Governing  the  Depth  of  Penetration  Required  for 
Sheet-piling.  4  dr.  1911.  {Transactions,  Am.  Soc.  C.  E.,  v.  73,  p.  175-189.) 
Disrupsion,  2  diag.,  6  dr..  p.  190-224. 

KL'RDJUMOFF,  V,  J.  Foundations  on  Natural  Ground.  1893.  {Minutes  of  Pro- 
ceedings, Inst.  C.  E.,  V.  Ill,  p.  414-415.)  Abstract  from  Der  Civilingenieur, 
1S02,  p.  293.  Deals  with  foundations  in  loose  or  sandy  soils.  Uses  photo- 
graphic methods.  Finds  that  Rankine's  formula,  based  on  the  theory  of 
granular  masses,  does  not  give  accurate  results. 

LEA,  SAMUEL  H.  Foundation  Construction  for  the  New  State  Capitol  of  South 
Dakota.  2  dr.,  1  ill.  1908.  (Engineering  Record,  v.  57,  p.  437-438.)  Tests 
of  bearing  capacity  of  hard,  firm  soil  a  few  feet  below  surface. 

LEONARD,  HUGH.  Foundations  for  Buildings  in  Calcutta.  4  dr.  1895. 
(Journal,  Royal  Inst,  of  British  Architects,  v.  44,  p.  593-595.)  Results  of  tests 
of  sandy  clay. 

1875.      (Engineering,  v.  20,  p.  103.) 

Abstract.     4  dr.     1895.      (Engineering  Record,  v.  32,  p.  317.) 

LESLIE,  BRADFORD.  Account  of  the  Bridge  Over  the  Gorai  River  on  the  Goalundo 
Extension  of  the  Eastern  Bengal  Railway.  1872.  (Minutes  of  Proceedings, 
Inst.  C.  E.,  V.  ."^4,  p.  1-42.)      Considers  foundations. 

LEUREY,  L.  F.  Soft-ground  Foundations.  Panama-Pacific  International  Exposi- 
tion :  Penetration  and  I»ad  Tests  of  Piles.  1914.  (Engineering  News,  v.  72, 
p.  250-254.)  Soil  consisted  of  soft  sand  and  mud  (hydraulic-dredge  fill). 
Pile  foundations  were  adopted  for  a  large  part  of  the  building  area.  Test 
borings  were  made. 

McALPINE,  WILLIAM  JARVIS.  Foundations  of  the  New  Capitol  at  Albany,  N.  Y. 
1874.  (Transactions,  Am.  Soc.  C.  E.,  v.  2,  p.  287-288.)  Briefly  discusses 
bearing  value  of  soils,   and  gives   results  of  tests. 

McALPINE,  WILLIAM  JARVIS.  Foundations' of  the  New  Capitol  at  Albany,  New 
York.  1879.  (Minutes  of  Proceedings,  Inst.  C.  E.,  v.  57,  p.  198-207.) 
Describes  experiments,  and  also  various  considerations  taken  into  account  for 
determining  the  bearing  value  of  soil. 

MAHAN,  D.  H.  Treatise  on  Civil  Engineering;  Revised  and  Edited  by  De  Volson 
Wood.  637  p.  1893.  Includes  treatment  of  "Foundations  of  Structures  on 
Land,"  and  of  retaining  walls. 

MARKS,  LIONEL  SIMEON,  and  others,  ed.  Mechanical  Engineers'  Handbook. 
1836  p.  1916.  McGraw.  Data  on  bearing  value  of  soils,  pile  foundations, 
safe  loads  for  piles,  and  retaining  walls,  p.  1264-1268. 

MANER,  RL'DOLF.  Ueber  die  Bedingiingen  einer  Gleichformigen  Druckverthellung 
in  den  Fundamenten.  3  diag.  1897.  (Zcitschrift,  Oesterreichischen-Ingenieur- 
und  Architekten-Vereines,  v.  49,  p.  34-36.) 

MERRIMAN,  MANSFIELD.  American  Civil  Engineers'  Pocket  Book.  1380  p. 
1911.  Wiley.  Data  on  foundations,  bearing  capacities  of  soils,  retaining  walls, 
earth  pressure,  etc. 
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METHODS  USED  TO  PROTECT  THE  FOUNDATION  OF  A  HEAVY  TOWER  DURING 

Adjacent  Subway  Construction  in  Boston,  Mass.  1914.  (Enginecrin(j-Contract- 
ing,  V.  42,  p.  604-605.)  Means  for  protecting  foundation  of  Old  South  Church 
during  subway  construction.  Steel  sheet-piling  driven  on  both  sides  of  the  sub- 
way, and  the  soil  inside  the  coffer-dam  thus  formed  grouted.  The  subway  was 
then  constructed  in  short  sections,  each  section  being  completed  before  excava- 
tion for  the  next  section  had  reached  a  depth  of  more  than  10  ft. 

MOLESWORTH,  GUILFORD  L.,  and  MOLESWORTH,  HENRY  B.  Pocket-book  of 
Useful  Formula  and  Memoranda  for  Civil,  Mechanical  and  Electrical  Engineers, 
ed.   27.      936   p.      1913.      Includes   data  on   retaining  walls,    foundations,    etc. 

O'ROURKE,  JOHN  F.  Foundations  for  Heavy  Structures  in  Deep  Alluvial  Soil. 
1907.  (Enf/ineering  News,  v.  58,  p.  87-88.)  Much  information  on  bearing 
value  of  such  soils. 

PATTON,  WILLIAM  MACFARLAND.  Practical  Treatise  on  Foundations,  Explain- 
ing Fully  the  Principles  Involved,  Supplemented  by  Articles  on  the  Use  of  Con- 
crete in  Foundations,  ed.  2,  enl.  549  p.  1906.  John  Wiley  and  Sons,  New 
York.  [Bearing  resistances  of  materials]  p.  3-8,  146,  149,  213-216,  291-294, 
308,  343-352,  358,  532.  [Bearing  power  of  piles  and  formulas],  p.  376-378, 
395,  472. 

PATTON,  WILLIAM  MACFARLAND.  Treatise  on  Civil  Engineering,  ed.  2.  1654  p. 
1907.  Includes  articles  on  foundations  and  foundation-beds,  ordinary  earthwork, 
retaining  walls,  reservoir  walls,  dams  and  weirs,  etc. 

POWELL,  GEORGE  T.  Foundations  and  Foundation  Walls  for  All  Classes  of 
Buildings.  Pile  Driving,  Building  Stones  and  Bricks,  Pier  and  Wall  Construc- 
tion, Mortars,  Limes,  Cements,  Concretes,  Stuccos,  etc.,  to  Which  is  Added  a 
Treatise  on  Foundations,  with  Practical  Illustrations  of  the  Method  of  Isolated 
Piers,  as  Followed  in  Chicago,  by  Frederick  Bauman.  ed.  4.  166  p.  1889. 
W.  T.  Comstock. 

PRELIMINARY  FOUNDATION  TESTS  FOR  THE  ST.  PAUL  BUILDING.  1896. 
(Engineering  Record,  v.  33,  p.  388.)  Loading  tests  on  sand  soil  with  solid  rock 
about  86  ft.  below  the  curb. 

RANKINE,    WILLIAM    JOHN    MACQUORN.     Manual    of    Civil    Engineering,      ed.    24. 
822   p.      1911.      Includes  considerable   information   on   soils  for  foundation  work. 
,     "Strength   and   Stability  of  Earthwork   in  General,"   p.   315  ;    "Ordinary   Founda- 
tions," p.  377  ;  "Timber,  Iron  and  Submerged  Foundations,"  p.  601. 

REINFORCED  CONCRETE  FOOTINGS  OF  SPECIAL  CONSTRUCTION.  1  dr.  1915. 
(Engineering  Record,  v.  72,  p.  355-356.)  Outside  corner  columns  for  the  ten- 
story  storehouse  of  the  Appleton  Company  at  Lowell,  Mass.,  supported  on  low- 
bearing  soil,  without  extending  beyond  the  lot  line. 

REINFORCEMENT  OF  ENGINE  FOUNDATIONS  ON  SOFT  SOIL.  1907  (Engineer- 
ing Record,  v.  55,  p.  254.)  Soil  consisted  of  sand  and  silt.  Foundations  of 
plant  were  carried  down  to  clean  building  sand,  on  which  footings  were  spread. 
Foundations  of  engines  were  extended  down  to  lower  stratum. 

REITER,  J.  Pneumatic  Caisson  Foundations  of  the  Prague-Smichow  Bridge. 
1878.  (Minutes  of  Proceedings,.  Inst.  C.  E.,  v.  51,  p.  288-290.)  Abstract 
from  Mittheilungcn  des  Architekten-  und  Ingenieur-Vereines  im  Konigreiche 
Bohmen,  v.  11,  p.  7-9,  13-16  ;  v.  12,  p.  20-24.  Treats  of  frictional  resistance 
of  a  caisson  in  san'd  or  gravel,  p.  290. 

RIPLEY,    CHARLES    M.      Concrete    Fo'undations  of    the    Tallest    Sky-scraper.      4    dr., 

1    ill.      1907.      (Ceinent,    v.    8,    p.    52-59.)  Consider.s    soils    underlying    Singer 

Building,  New  York  City,  and  information  gained  by  borings  to  level  of  solid 
rock. 

RIPLEY,  CHARLES  M.  Foundation  Problems  in  New  York  City  ;  How  the  Collapse  of 
Neighboring  Buildings  is  Prevented  and  Caissons  are  Sunk  to  Bedrock,  Using 
the  Moran  Air  Lock.      1907.      (Iron  Age,  v.  79,   p.  480-484.) 

1907.      (Compressed  Air,  v.  12,  p.  4381-4388.) 

ROHAN,  W.  D.  Grouting  Natural  Soils  for  Bridge  and  Building  Foundations. 
1910.  (Engineering-Contracting,  v.  34,  p.  545.)  Favors  use  of  grout  in 
foundation  work. 

ROYAL  BANK  BUILDING  FOUNDATION  WORK.  1914.  (Canadian  Engineer,  v. 
26,  p.  525-529.)  Describes  foundations  of  twenty-story  building.  Soil  is  com- 
posed of  an  upper  layer  of  clay  extending  to  a  depth  of  about  30  ft.,  with  a 
deposit  of  moderately  hard  and  shaly  clay  beneath  for  a  depth  of  from  2  to  3  ft. 
Below   is  a  very   hard,   dense  shale,   with   little   variation   in   a   depth   of   600   ft. 
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SCHAEFER,  R.  Unterdruck  bel  Staumauern.  10  diag.,  1  ill.,  2  pi.  1913.  {Zcit- 
schrift  filr  Bauwcsen,  v.  63,  p.  101-118.) 

SCHILL,  A.  K.  J.  Calculation  of  Reinforced  Concrete  Foundation  Slabs.  1911. 
(Minutes  of  Proceedings,  Inst,  C.  E.,  v.  186,  p.  479.)  Abstract  from  De 
Imicnicur.  1911,  v.  20,  p.  329-330. 

SCHMITT,  EDUARD.  Fundamente.  1901.  (Handbuch  der  Archltektur,  v.  3,  pt. 
1,  p.  281-40G.)  Contains  many  bibliographies.  Includes  section  on  character 
and  investigation  of  the  soil  on  the  sites  of  structures,  and  precautious  against 
sinking  and  sliding.  Also  includes  a  section  on  the  construction  of  masonry, 
concrete,  concrete  and  sand,  and  grillage  foundations.  A  third  section  takes  up 
deep  and  submerged  foundations. 

SCHUYLER,  JAMES  DIX.  Reservoirs  for  Irrigation,  Water-Power  and  Domestic 
Water-Supply,  with  an  Account  of  Various  Types  of  Dams  and  the  Methods, 
Plans  and  Cost  of  Their  Construction,  ed.  2.  556  p.  1908.  Contains  chapter 
on  "Earthen   Dams,"  p.  41G-451. 

SICCAMA.  H.  T.  H.  Foundations.  1903.  (Bulletin  News,  v.  85,  p.  646-647.) 
Paper  before  Civil  and  Mechanical  Engineers'  Society.  Shows  effect  of  nature 
of  soil  on  depth  and  construction  of  foundations. 

1903.      (A7nei-iehn  Architect,  v.  82,  p.  92-93.) 

SKINNER,  FRANK  W.  Development  of  Building  Foundations.  7  ill.,  12  dr. 
190S.  (Engineering  Record,  v.  57,  p.  412-422.)  Gives  tests  of  bearing  value 
of  soil  and  piles,  p.  413. 

SPREAD  FOUNDATIONS  IN  HAMBURG.  1911.  (Engineering  Record,  v.  63,  p. 
659.)      Editorial,  describing  foundations  of  very  large  bearing  surface. 

STREET,  WILLIAM  C.  Foundations.  1882.  (Van  Nostrand's  Engineering  Maga- 
zine, V.  26.  p.  337-342.)  Paper  read  before  the  Civil  and  Mechanical  Engineers' 
Society.      Gives  experience  with  foundations  on  sand  and   clay. 

STRESS,  WILLIAM  H.  Method  for  Figuring  Foundation  Pressures  Under  U-A-but- 
ments.      3  dr.      1910.      (Engineering  Record,  v.  62,  p.   560.) 

TALBOT,  ARTHUR  N.  Reinforced  Concrete  Wall  Footings  and  Column  Footings. 
114  p.  1913.  (University  of  Illinois  Engineering  Experiment  Station,  Bulletin 
67.)  Extensive  tests.  Bearing  value  of  soils  is  discussed  briefly  on  p.  7. 
See  also  Hicks,  Lewis  A. 

TALL  BUILDING  FOUNDATIONS  ON  SOFT  CLAY.  1907.  (Engineering  Record, 
V.  55,  p.  731-732.)  Tests  of  bearing  capacity  of  clay  in  connection  with  con- 
struction of  15-story  building  in  Toronto. 

TESTING  FOUNDATIONS  AT  THE  MUNICIPAL  BUILDING,  NEW  YORK.  3  dr., 
1  ill.  1911.  (Engineering  Record,  v.  63,  p.  196-197.)  Gives  results  of  load- 
ing tests,  with  pier  resting  on  sand,  about  35  ft.  below  the  surface  and  80  ft. 
above  rock  level.  ^ 

TRAUTWINE,  JOHN  C.  Civil  Engineer's  Pocket-book.  ed.  18.  1079  p.  1907. 
Includes  sections  on  Foundations  (p.  582-600),  and  Retaining  Walls  (p.  603- 
613). 

USINA,  D.  A.  Recent  Developments  in  Pneumatic  Foundations  for  Buildings.  17 
dr.  1908.  (Transactions,  Am.  Soc.  C.  E.,  v.  61,  p.  211-221.)  Discussion, 
3  ill.,  4  dr.,  p.  222-237.  Reviews  development  of  foundations  in  New  York  and 
refers  to  pneumatic  foundations  as  most  economical  type  for  maximum  bearing 
pressure. 

Abstract.     1908.      (Minutes  of  Proceedings,  Inst.  C.  E.,  v.  173,  p.  357.) 

VERNON-HARCOURT,  LEVESON  FRANCIS.  Civil  Engineering  as  Applied  in  Con- 
struction. 624  p.  1902.  Includes  brief  treatment  of  foundations,  and  of  earth- 
work in  cuttings  and  embankments. 

WADDELL,  J.  A.  L.  Bridge  Engineering.  2  v.  2177  p.  1916.  Wiley.  An 
important  work.  Contains  chapter  on  "Foundations  in  General,"  v.  1,  p.  946- 
972,  giving  considerable  data  on  permissible  pressures.  Also  contains  a  chapter 
on  "Piles  and  Pile  Driving,"  v.  1,  p.  1008-1019,  in  which  is  included  material 
on  characteristics,  compacting,  and  equilibrium  of  soils. 

UEGMANN,     EDWARD.      Design    and    Construction    of  Dams,     Including    Masonry, 

Earth,  Rock-fill,  Timber,  and  Steel  Structures  ;   also  Principal  Types  of  Movable 

Dams.      ed.    6.      529    p.      1911.      "Bibliography,"    p.  507-519.      Includes    chapter 
on  "Earthen  Dams,"  p.  221-247. 

YOUNG,  EVELYN  HENRY.  Foundations  in  "Black  Cotton  Soil"  in  India.  1893. 
(Minutes  of  Proceedings,  Inst.  C.  E.,  v.  113,  p.  323-326.)  Soil  is  rich,  black 
earth  composed  of  disintegrated  trap,  which  swells  and  exerts  an  enormous 
pressure,  when  filled  with  water. 
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RETAINING  WALLS,  INCLUDING  LATERAL  EARTH  PRESSURE. 

See   also    Granular    Materials. 

ALEXANDER,  T.,  and  THOMSON,  A.  W.  Elementary  Applied  Mechanics.  575  p. 
1902.  Contains  chapters,  "Application  of  the  Ellipse  of  Stress  to  the  Stability 
of  Earthwork,"  p.  70-86,  and  "The  Scientific  Design  of  Masonry  Retaining 
Walls." 

ALLEN,  J.  ROMILLY.  Investigation  of  the  Question  of  the  Thrust  of  Earth  Be- 
hind a  Retaining  Wall.  3  diag.  1877.  (Van  Nostrand's  Engineering  Maga- 
zine, V.  17,  p.  155-158.)      Mathematical  solution. 

ALLEN,  KENNETH.  Design  of  Retaining  Walls.  1892.  {Engineering  Record, 
V.  26,  p.  341-342,  356-357,  374,  393.)  On  practical  design  of  retaining  walls, 
sea  wails,   and  dock  walls.      Illustrated  with  actual  designs. 

AMERICAN    RAILWAY    ENGINEERING    AND    MAINTENANCE    OF    WAY    ASSOCIA- 

tion.  [Report  of  Committee  on]  Retaining  Walls  and  Abutments.  1909.  {Pro- 
ceedings, Tenth  Annual  Convention,  Am.  Ry.  Eng.  and  Maintenance  of  Way  Assoc, 
p.  1317-1337.)  Gives  information  showing  practice  of  various  railroads  in  the 
designing  of  retaining  walls.  Committee  submits  method  of  determining  earth 
pressures  based  on  Rankine's  formula. 

Condensed.      1909.      {Engineering  Record,  v.  60,   p.  288-290.) 

AUDE.  Nouvelles  Experiences  sur  la  Poussee  des  Terres.  1849.  {Comptes 
Rendus  Hebdomadaires  des  Seances  de  I'Academie  des  Sciences,  v.  28,  p.  565- 
566.)      Short  review  of  Aude's  work  presented  by  Poncelet. 

BAKER,  BENJAMIN.  Actual  Lateral  Pressure  of  Earthwork.  1881.  {Minutes 
of  Proceedings,  Inst.  C.  E.,  v.  65,  p.  140-186.)  Discussion,  p.  187-241.  Aims 
to  present  data  on  actual  lateral  pressure  of  earthwork,  as  distinguished  from 
"text-book"  pressures,  which  latter  the  author  holds  to  be  generally  incorrect. 

1881.      {Van  Nostrand's  Engineering  Magazine,  v.  25,  p.  333-342,  353-371,  492- 

505.) 

BARDWELL,  F.  W.  Note  on  the  "Horizontal  Thrust  of  Embankments."  1861. 
{Mathematical  Monthly,  v.  3,  p.  6-7.)  Finds  the  formula  derived  by  D.  P. 
Woodbury  to  be  correct. 

BOARDMAN,  H.  P.  Concerning  Retaining  Walls  and  Earth  Pressures.  1905. 
(Engineering  News,  v.  54,  p.  166-169.)  Concludes  that  information  regarding 
earth  pressures  is  quite  inexact.  Suggests  conducting  series  of  tests  on  large 
scale. 

BONE,  EVAN  P.  Reinforced  Concrete  Retaining  Wall  Design.  1907.  (Engineer- 
ing News,  V.  57,  p.  448-452.)      Calculations  of  earth  pressures,  and  diagrams. 

BOUSSINESQ,  J.  Calcul  Approche  de  la  Poussee  et  de  la  Surface  de  Rupture, 
dans  un  Terre-plein  Horizontal  Homogene,  Contenu  par  un  Mur  Vertical.  1884. 
(Comptes  Rendus  Hebdomadaires  des  Seances  de  TAcademie  des  Sciences,  v. 
98,  p.  790-793.) 

BOUSSINESQ,  J.  Complement  a  de  Precedentes  Notes  sur  la  Poussee  des  Terres. 
1884.      (Annales  des  Ponts  et  Chaussees,  ser.  6,  v.  7,  p.  443-481.) 

BOUSSINESQ,  J.  Equilibrium  of  Pulverulent  Bodies.  1  diag.  1877.  (Minutes 
of  Proceedings,  Inst.  C.  E.,  v.  51,  p.  277-283.)  Abstract  translation  of  "Essai 
Theorique  sur  TEquilibre  des  Massifs  Pulverulents,  Compare  a  celui  de  Massifs 
Solides  et  sur  la  Poussee  des  Terres  sans  Cohesion."      Brussels.      1876. 

1881.      (Van  Nostrand's  Engineering  Magazine,  v.  25,  p.  107-110.) 

BOUSSINESQ,  J.  Integration  de  I'Equation  Differentielle  qui  pent  Donner  une 
Deuxidme  Approximation,  dans  le  Calcul  Rationnel  de  la  Poussee  Exercee  centre 
un  Mur  par  des  Terres  Depourvues  de  Cohesion.  1  diag.  1870.  (Comptes 
Rendus  Hebdom,adaires  des  Seances  de  I'AcadSmie  des  Sciences,  v.  70,  p.  751- 
754.) 

BOUSSINESQ,  J.  Note  sur  la  Determination  de  I'Epaisseur  Minimum  que  doit 
avoir  un  Mur  Vertical,  d'une  Hauteur  et  d'une  Densite  Donnees,  pour  Contenir 
un  Massif  Terreux,  sans  Cohesion,  dont  la  Surface  Superieure  est  Horizontale. 
1  diag.  1882.  (Annales  des  Ponts  et  Chaussees,  ser.  6,  v.  3,  p.  625-643.) 
Application  of  the  theory  of  earth-pressure,  as  developed  by  Rankine  and 
Darwin,  to  design  of  vertical  walls. 

BOUSSINESQ,  J.  Note  sur  la  Methode  de  M.  Macquorn-Rankine  pour  le  Calcul 
des  Presslons  Exercees  aux  Divers  Points  d'un  Massif  Pesant  que  Limite,  du 
Cote  Superieur,  une  Surface  Cylindrique  d.  Generatrices  Horizontales,  et  qui  est 
Indeflni  de  Tous  les  Autres  Cotes.  1874.  (Annales  des  Ponts  et  Chaussees,  ser. 
5,  V.  8,  p.  169-187.)      Criticism  of  Rankine's  theory  of  earth  pressure. 
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HOUSSINESQ,  J.  Sur  la  Pouss^e  d'une  Masse  de  Sable,  a  Surface  Sup6rleure 
Horlzontale,  Centre  une  Parol  Verticale  dans  le  Volslnage  de  Laquelle  son  Angle 
dp  Frottenient  Int^rleur  est  Suppose  Croltre  L;>g6rement  d'apriis  une  Certalne 
Lol.  1884.  (Coniplcs  JRcndus  Ilchdomadaires  des  Stances  de  TAcadfimle  des 
Sciences,  v.  98,  p.  720-723.) 

IIOL'SSINESQ,  J.  Sur  la  Poussfie  d'une  Masse  de  Sable,  a  Surface  Superl6ure 
ITorUontale,  Contre  une  Parol  Verticale  ou  Inclin^e.  1884.  (Com-ptea  Rendua 
llebdomadaires   des   Seances   de   I'Acadgmle  des   Sciences,   v.   98,    p.    667-670.) 

HOUSSINESQ,  J.  Sur  le  Principe  du  Prisme  de  plus  grande  Pouss^e,  Pos6  par 
Coulomb  dans  la  Theorie  de  I'Equilibre  Llmite  des  Terres.  1884.  {Comptes 
Rrndii.i  flrhdnitiathiirrn  des  Stances  de  TAcadomie  des  Sciences,  v.  98,  p.  901- 
904.   975-978.)      Critical   review. 

HOUSSINESQ,  J.  Sur  les  Lois  de  la  Distribution  Plane  des  Pressions  a 
I'lnterieur  des  Corps  Isotropes  dans  I'Etat  d'Eiiuilibre  Limite.  1874.  (Comptes 
Rctuhts  Hebdomadaires  des  Sfiances  de  I'Academie  des  Sciences,  v.  78,  p.  757- 
759.) 

HOVEV,  HENRY  T.  Theory  of  Structures  and  Strength  of  Materials,  ed.  3.  835  p. 
1000.      Includes  section  on  earthwork  and   retaining  walls. 

BURSTING  PRESSURE  OF  AN  EARTH  FILL.  1912.  (Engineering  Neios,  v.  68, 
p.  593-594.)  Editorial  discussing  the  causes  of  failure  of  a  retaining  wall  in 
St.   Louis. 

CAIN,  WILLIAM.  Cohesion  and  the  Plane  of  Rupture  in  Retaining  Wall  Theory. 
1  diag.  1912.  {Engineering  News.  v.  67,  p.  992.)  I.«tter  to  editor  discussing 
Hirschthal's  article  "Some  Contradictory  Retaining  Wall  Results,"  Engineering 
News,  V.   67,   p.   799. 

CAIN,  WILLIAM.  Earth  Pressure,  Retaining  Walls  and  Bins.  287  p.  1916. 
Wiley.  Contains  chapters  on  the  theory  of  earth  friction  and  cohesion,  of  earth 
thrust,  and  of  bins.  Gives  special  attention  to  coherent  and  non-coherent 
earths.  Emphasizes  throughout  the  pre.sence  in  earth  of  cohesion  as  well  as  of 
friction. 

CAIN,  WILLIAM.  Retaining  Walls.  1880.  (Van  Nostrand's  Engineering  Maga- 
zine, V.  22,  p.  265-277.)  Considers  "the  earth  as  a  homogeneous  and  incom- 
pressible mass,  made  up  of  little  grains,  possessing  the  resistance  to  sliding  over 
each  other  called  friction,  but  without  cohesion." 

CALCULATIONS  FOR  RETAINING  WALLS.  1911.  (Architect  and  Contract  Re- 
porter, V.  86,  p.  43-44,  59-61,  75-76,  85-87,  96-97,  109-110.)  Takes  all 
factors  into  consideration,  wind  pressure,  slides,  earth  pressure,  etc.  "Angles 
of  repose  of  various  earths,"  p.  109. 

CARTER,  FRANK  H.  Bracing  and  Sheeting  Trenches.  1910.  (Engineering- 
Contracting,  V.  34,  p.  76-78.)  Computes  pressures  on  bracing  and  shoring  for 
well  under-drained  excavations  in  virgin  soil. 

CARTER,  FRANK  H.  Comparative  Sections  of  Thirty  Retaining  Walls,  and  Some 
Notes  on  Retaining  Wall  Design.  1910.  (Engineering  Netos,  v.  64,  p.  106- 
108.)      Discusses  theoretical  earth  pressures,  giving  formulas. 

CLAVENAD.  Memoire  sur  la  Stabilite,  les  Mouvements,  la  Rupture  des  Massifs 
en  G6n4ral,  Coherents  ou  sans  Cohesion.  Quelques  Considerations  sur  la  Pouss^e 
des  Terres,  Etude  Speciale  des  Murs  de  SoutSnement  et  de  Barrages.  64  diag. 
1887.      (Aymales  des  Fonts  et  Chaussees,  ser.  6,  v.  13,  p.  593-683.) 

COLEMAN,  T.  E.  Retaining  Walls  in  Theory  and  Practice ;  A  Text-book  for 
Students.  160  p.  1909.  Design  and  construction.  Avoids  advanced  mathe- 
matics where  possible. 

CONSIDERE.  Note  sur  la  Poussee  des  Terres.  1870.  (Annales  des  Fonts  et 
Chaussees,  ser.  4,  v.  19,  p.  547-594.)  Extension  of  Levy's  theory  of  earth- 
pressure.  See  Comptes  Rendus  Hebdomadaires  des  Stances  de  I'Academie  des 
Sciences,  v.  68,  p.  1456. 

CONSTABLE,  CASIMIR.  Retaining  Walls:  An  Attempt  to  Reconcile  Theory  with 
Practice.  3  diag.  1874.  (Transactions.  Am.  Soc.  C.  B.,  v.  3,  p.  67-75.) 
Gives  results  of  a  number  of  experiments  with  models,  using  walls  made  of 
wood  blocks  and  filling  composed  of  oats  and  peas. 

Abstract.      1873.      (Van  Nostrand's  Engineering  Magazine,  v.  8,   p.   375-377.) 

Condensed.     1873.      (Journal,   Franklin    Inst.,   v.    95,    p.    317-322.) 

CORNISH,  L.  D.  Earth  Pressures :  A  Practical  Comparison  of  Theories  and  Ex- 
periments. 1916.  (Transactions,  Am.  Soc.  C.  E.,  v.  81,  p.  191-201.)  Dis- 
cussion, p.  202-221.  Endeavors  to  show  graphically  the  results  obtained  in 
actual  wall  design  by  the  use  of  the  different  formulas  (principally  those  of 
Rankine  and  Cain)  and  by  values  obtained  in  certain  experiments,  so  that 
the  points  of  interest  may  be  discussed   without   resorting   to   mathematics. 
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CORNISH,  L.  D.  Fallacies  in  Retaining  Wall  Design  and  the  Lateral  Pressure  of 
Saturated  Earth.  1916.  (United  States  Corps  of  Engineers,  Professio7uil 
Memoirs,  v.  8,  p.  161-172.)  Discussion,  p.  173-195.  Treats  of  lateral  pressure 
of  saturated  soils  in  connection  with  the  design  of  retaining  walls.  Presents 
considerable  mathematical  data  on  the  treatment  of  saturated  soil  in  such 
design  work. 

COUPLET.      De    la    Poussee    des    Terres    Contre  leurs    Revestemens    et   la    Force  des 

Revestemens     qu'on     Leur     Doit     Opposer.  8     pi.       1726-1728.      (Histoire  de 

I'Academie   Royale  des   Sciences,   v.   28,   p.  106-164 ;    v.    29,    p.   132-141  ;   v.  30, 
p.   113-138.) 

COUSINERY.  Determination  Graphique  de  I'Epaisseur  des  Murs  de  Soutenement. 
1  pi.  1841.  (Annales  des  Fonts  ct  Chaussces,  ser.  2,  v.  2,  p.  167-184.) 
Develops  a  method  of  graphical  determination  of  thickness  of  retaining  walls. 
Shows  how  to  apply  the  theory  of  earth  pressure  in  connection  with  this 
graphical  construction. 

CRAMER,  E.  Die  Gleitflache  des  Erddruck-prismas  und  der  Erddruck  gegen 
geneigte  Stiitzwande.  4  diag.  1879.  (Zeitschrift  fiir  Bauwesen,  v.  29,  p. 
521-526.) 

CRELLE.  Zur  Statik  unfester  Korper.  An  dem  Beisplele  des  Drucks  der  Erde 
auf  Futtermauern.  1  pi.  1850.  (Abhandlunpen  der  Koniglichen  Akademie  der 
Wissenschaften  zu  Berlin,  v.  34,  p.  61-97.)  To  be  found  in  section  "Mathe- 
matische  Abhandlungen." 

CUNO.  Die  Steinpackungen  und  Futtermauern  der  Rhein-Nahe-Eisenbahn.  1861. 
(Zeitschrift  fiir  Bauwesen,  v.  11,  p.  613-626.) 

CURIE,  J.  Note  sur  la  Brochure  de  M.  Benjamin  Baker  Intitulee :  "The  Actual 
Lateral  Pressure  of  Earthwork."  9  diag.  1882.  (Annales  des  Fonts  et 
Chaussees,  ser.  6,  v.  3,  p.  558-592.)  Criticism  of  Baker's  paper  in  Minutes  of 
Proceedings.  Inst.  C.  E.,  v.  65,  p.  140. 

CURIE,  J.  Nouvelles  Experiences  Relatives  a  la  Theorie  de  la  Poussge  des  Terres. 
4  diag.  1873.  (Comptes  Rendus  Hebdomadaircs  des  Seances  de  I'Academie 
des  Sciences,  v.  77,  p.  142-146.) 

CURIE,  J.  Sur  la  Poussee  des  Terres  et  la  Stabilite  des  Murs  de  Revetments. 
1868.  (Comptes  Rendus  Hebdomndaires  des  Seances  de  I'Academie  des 
Sciences,  v.   67,  p.   1216-1218.)      Theoretical   paper. 

CURIE,  J.  Sur  la  Theorie  de  la  Poussee  des  Terres.  1871.  (Comptes  Rendus 
Hebdomadaircs  des  Seances  de  I'Academie  des  Sciences,  v.  72,  p.  366-369.) 
Critical  review  of  the  theories  advanced  by  Maurice  Levy. 

CURIE,  J.  Sur  la  Theorie  de  la  Poussee  des  Terres.  1  diag.  1873.  (Comptes 
Rendus  Hebdomadaircs  des  Seances  de  I'Academie  des  Sciences,  v.  77,  p.  778- 
781.)      Reply  to  Saint-Venant's  criticism   in  same  volume. 

CURIE,  J.  Sur  le  Disaccord  qui  Existe  entre  I'Ancienne  Theorie  de  la  Poussee  des 
Terres  et  I'Experience.  1  diag.  1873.  (Comptes  Rendus  Hebdomadaircs  des 
Seances  de  I'Academie  des  Sciences,  v.  76,  p.  1579-1582.) 

CURIE,  J.  Trois  Notes  sur  la  Theorie  de  la  Poussee  des  Terres.  Disaccord  entre 
I'Ancienne  Theorie  et  I'Experience;  Nouvelles  Experiences;  Reponse  aux 
Objections.  1873.  Gauthier-Villars.  Paris.  1875.  (Annales  des  Fonts  et 
Chaussees,  ser.  5,  v.  9,  p.  490.)      Short  review  of  Curie's  pamphlet. 

DALY,    CESAR.      Mur    de    Soutenement    de    la    Terrasse    du     Chateau    de    Meudon, 

I  pi.     1859.      (Revue  Generale  de  V Architecture  et  des  Travaux  Publics,  v.  17, 
p.  243.) 

DIAGRAM  FOR  OVERTURNING  MOMENTS  ON  RETAINING  WALLS  FOR  EARTH 
or  "Water.  1907.  (Enpineering  Netvs,  v.  57,  p.  460.)  Diagram  was  con- 
structed by  Charles  H.  Hoyt. 

DONATH,  AD.  Untersuchungen  iiber  den  Erddruck  auf  Stiitzwande  angestellt  mit 
der  fiir  die  Technische  Hochschule  in  Berlin  erbauten  Versuchsvorrichtung.  1  pi. 
1891.      (Zeitschrift  fiir  Bauioesen,  v.  41,  p.  491-518.) 

DU  BOIS,  A.  J.  Upon  a  New  Theory  of  the  Retaining  Wall.  14  diag.  1879. 
(Journal,  Franklin  Inst,,  v.  108,  p.  361-387.)  Gives  a  concise  history  of  the 
subject,   and  develops  in  detail  Weyrauch's  theory. 

DUNCAN,  LINDSAY.  Plumbing  a  Leaning  Retaining  Wall  and  Bridge  Abutment. 
1906.      (Engineering  News,  v.  55,  p.  386.) 

DYRSSEN,    L.      Analytische  Bestimmung   der    Lage  der   Stiitzlinie   in    Futtermauern. 

II  diag.      1885.      (Zeitschrift  fiir  Bauwesen,  v.   35,   p.  101-106.) 

DYRSSEN,  L.  Ermittlung  von  Futtermauerquerschnitten.  1  diag.  1886.  (Zeit- 
schrift fiir  Bauwesen,  v.  36,  p.  389-392.) 

DYRSSEN,  L.  Ermittlung  von  Futtermauerquerschnitten  miit  gebogener  oder 
gebrochener  vorderer  Begrenzungslinie.  3  diag.  1886.  (Zeitschrift  fiir  Bau- 
wesen, V.  36,  p.  127-130.) 
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EDDY.  HENRY  T.  New  Constructions  In  Graphical  Statics.  1877.  (Van  Noa- 
tr-and's  Kiuiinccrinci  Magazine,  v.  17,  p.  1-10.)  Contains  section  on  "Retaining 
Wall.'!  and  Abutments",   p.  5-10. 

ENGESSER,  FR.  Geometrische  Erddruck-Theorie.  1880.  (Zeitschrift  fiir  Bau- 
wcseii,  V.  30,  p.  189-210.) 

EVEREST,  J.  H.  Treatise  on  Retaining  Wall  Design.  1911  (Canadian  Engineer, 
V.  21.  p.  192-193,  237,  264-265.)  Considers  earth  pressure,  slope,  weights  of 
materials,   etc. 

FLAMANT,  A.  Formules  Simples  et  trds  Approchges  de  la  Pouss^e  des  Terres,  pour 
les  Besains  de  la  Pratique.  1884.  (Comptes  Rendvs  Hebdomadaires  des  Stances 
de  I'Academie  des  Sciences,  v.  99,  p.  1151-1153.) 

FLAMANT,  A.  Note  sur  la  Pouss^e  des  Terres.  1  pi.  1872.  (Annates  des  Fonts 
rt  Chaussces,  ser.  5,  v.  4,   p.  242-275.)      EJxpounds   Rankine's   theory. 

FLAMANT,  A.  Note  sur  la  Poussee  des  Terres.  1882.  (Annales  des  Fonts  et 
Chaussces,  ser.  6,  v.  3,  p.  616-624.)  Mostly  a  review  of  Baker's  paper  in  Min- 
utes of  Froceedings,  Inst.  C.  E.,  v.  65,  p.  140. 

FLAMANT,  A.  R^sumS  d'Articles  Publies  par  la  Society  des  Ingenieurs  Civils  de 
Londres  sur  la  Poust;ee  des  Terres.  1883.  (Annales  des  Fonts  et  Chniisses, 
ser.  6,  V.  6,  p.  477-532.)  Review  of  Darwin's,  Gaudard's  and  Boussinesq's 
papers  in  Minutes  of  Froceedinris,  Inst.  C.  E.,  v.  71  and  72. 

FLAMANT,  A.      Tables  Numeriques  pour  le  Calcul  de  la  Poussee  des  Terres.      2  diag. 

1885.      (Annales  des  Fonts  et  Chaussecs.  ser.  6,  v.  9,  p.  515-540.)      Gives  many 

tables   of   constants    for   the   relations   derived   by    Boussinesq   and   based   on    the 

experiments  of  Darwin  in  England  and  Gobin  in  France. 
GLAUSER,    J.      Bestimmung    der    Starke    genelgter    Stiitz — und    Puttermauern    mit 

Rucksicht   auf   die   Incoharenz   ihrer  Masse.      1880.      (Zeitschrift   fiir   Bauwesen, 

V.  30,  p.  63-72.) 

GOBIN,  A.  Determination  Precise  de  la  Stabilite  des  Murs  de  Soutenement  et  de 
la  Poussee  des  Terres.  71  diag.  1883.  (Annales  des  Fonts  et  Chaussees,  ser. 
6,  V.  6,  p.  98-231.)  Points  out  some  faults  in  Rankine's  theory,  develops  his 
own  theorj',    and   gives   various   applications   and   results   of   experiments. 

GODFREY,  EDWARD.  Design  of  Reinforced  Concrete  Retaining  Walls.  1906. 
(Engineering  News.  v.  56,  p.  402-403.)  Considers  lateral  pressure  of  different 
materials,  angles  of  repose,  and  necessary  calculations. 

GOODRICH,  ERNEST  P.  Lateral  Earth  Pressures  and  Related  Phenomena.  44 
diag..  3  dr.,  1  ill.  1904.  (Tra7isactions,  Am.  Soc.  C.  E.,  v.  53,  p.  272-304.) 
Di.scussion,  p.  305-321.  Experimentally  determines  ratio  of  lateral  to  vertical 
pressure.  Gives  series  of  conclusions.  See  also  editorial,  "Lateral  Earth  Pres- 
sure," Engineering  Record,  v.  49,  p.  633-634. 

Abstract.      1904.      (Minutes  of  Proceedings,   Inst.  C.  E.,   v.   158,   p.  450-451.) 

GOULD,  E.  SHERMAN.  Retaining  Walls.  13  diag.  1877.  (Van  Nostrand's  Engi- 
neering Magazine,  v.  16,  p.  11-17.)      Methods  of  design. 

GOULD,  E.  SHERMAN.  Retaining  Walls.  2  diag.  1883.  (Van  Nostrand's  En- 
gineering Magazine,  v.  28,  p.  204-207.)      Gives  the  theory  of  J.  Dubosque. 

GRAFF,  C.  F.  High  Reinforced  Concrete  Retaining  Wall  Construction  at  Seattle, 
Wash.      1905.      (Engineering  Netcs,  v.  53,   p.   262-264.) 

HIRSCHTHAL,  M.  Some  Contradictory  Retaining  Wall  Results.  1  diag.  1912. 
(Engineering  News,  v.  67,  p.  799-800.)  Letter  to  editor  reviewing  some  accepted 
formulas  of  earth  pressure  on  retaining  walls.  See  also  Cain,  Engineering  News, 
V.  67,  p.  992. 

HISELY.  Constructions  Diverges  pour  Determiner  la  Poussee  des  Terres  sur  un 
Mur  de  Soutenement.  1899.  (Annales  des  Fonts  et  Chaussees,  ser.  7,  v.  17, 
p.  99-120.)  Develops  a  general  graphical  solution  applicable  to  a  load  of  any 
character. 

HOSKINO.  On  the  Introduction  of  Constructions  to  Retain  the  Sides  of  Deep 
Cuttings  in  Clays,  or  Other  Uncertain  Soils.  14  dr.  1844.  (Minutes  of  Fro- 
eeedings,  Inst.  C.  E.,  v.   3,  p.   355-372.) 

Condensed.      1846.      (Journal,  Franklin  Inst.,  v.  41,  p.   73-79.) 

HOWE,  MALVERD  A.  Retaining- Walls  for  Earth,  Including  the  Theory  of  Earth- 
Pressure  as  Developed  from  the  Ellipse  of  Stress,  with  a  Short  Treatise  on  Foun- 
dations,  Illustrated   with   Examples   from   Practice,      ed.   4.      167   p.      1907. 

HUGHES,  THOMAS.  Description  of  the  Method  Employed  for  Draining  some 
Banks  of  Cuttings  on  the  London  and  Croydon,  and  London  and  Birmingham 
Railways;  and  a  Part  of  the  Retaining  Wall  of  the  Euston  Incline,  London  and 
Birmingham  Railway.  4  ill.  1845.  (Minutes  of  Froceedings,  Inst.  C.  E.,  v. 
4.  p.   78-86.) 
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INTERNATIONAL  CORRESPONDENCE  SCHOOLS.  Railroad  Location,  Railroad 
Construction,  Track  Work,  Railroad  Structures.  [473  p.]  (International 
Library  of  Technology,  v.  34B.)  Includes  section  on  theory  and  design  of  re- 
taining walls,  p.  899-912. 

JACOB,  ARTHUR.  On  Retaining  Walls.  27  diag.  1873.  (Van  Nostrand's  En- 
gineering Magazine,  v.  9,  p.  194-204.)  Reprint,  with  a  few  emendations,  of 
author's  original  essay  on  "Practical  Designing  of  Retaining  Walls".  Takes  up 
design.      Considerable  attention  to  earth  pressure. 

• 1873.      (Building  News,  v.  25,  p.  421-422,  465-466,  478-479.) 

JACQUIER.  Note  sur  la  Determination  Graphique  de  la  Pousses  des  Terres.  5  diag. 
1882.  (Annates  dcs  Fonts  et  Chaussees,  ser.  6,  v.  3,  p.  463-472.)  Bases  his 
graphical  construction  on  Ranklne's  theory,  as  developed  by  Levy,  Considere,  and 
others. 

KIRK,   P.   R.      Graphic  Methods  of  Determiining  the  Pressure  of  Earth  on  Retaining 

Walls.     1899.      (Builder,  London,  v.  77,   p,  233-235.) 
KLEIN,   ALBERT.     Die  Form   der  Winkelstiitzmauern  aus  Eisenbeton  mit  Rucksicht 

auf  Bodendruck  und  Relbung  in  der  Fundamentfuge.      1909.      (Beton  und  Eisen, 

V.  8,   p.  384-387.) 

KLEITZ.  Determination  de  la  Poussee  des  Terres  et  Btablissement  des  Murs  de 
Soutenement.  1884.  (Anna.les  des  Fonts  et  Chaussees,  ser.  2,  v.  7,  p.  233- 
256.)      Theoretical  discussion. 

KLEMPERER,  F.  Graphische  Bestimmung  des  Erddruckes  an  eine  ebene  Wand 
mit  Rucksicht  auf  die  Cohasion  des  Brdreiches.  1  pi.  1870.  (Zeitschrift, 
Oesterreichischen    Ingenieur-und    Architekten-Vereines,    v.    31,    p.    116-120.) 

KRANTZ,  J.  B.  Study  on  Reservoir  Walls  ;  Translated  from  the  French  by  F.  A. 
Mahan.      54   p.      1883. 

LACHER,  WALTER  S.  Retaining  Walls  on  Soft  Foundations.  1915.  (Journal, 
Western  Soc.  of  Engrs.,  v.  20,  p.  232-265.)  Experiments  gave  the  following 
conclusions  as  to  types  of  walls  and  their  advantages:  (1)  The  block  wall  is 
economical,  and  may  be  constructed  in  several  stages,  but  It  does  not  possess  as 
great  a  potential  factor  of  safety  as  a  monolithic  wall  ;  (2)  the  heavy  batter  mass 
wall  is  economical,  but  is  open  to  the  same  objections  as  the  block  wall  ;  (3) 
the  cellular  wall  offers  great  resistance  to  overturning  or  sliding,  but  occupies 
considerable  space  before  filling  and  may  thus  interfere  with  use  of  tracks;  (4) 
the  mass  wall  on  piles  gives  maximum  security,  but  is  expensive  and  may  give 
trouble  because  of  damage  to  adjacent  buildings  on  insecure  foundations. 

LAFONT,  de.  Memoire  sur  la  Poussee  des  Terres  et  sur  les  Dimensions  a  Donner, 
Suivant  leurs  Proflls,  aux  Murs  de  Soutenement  et  de  Reservoirs  d'Eau.  1  pi. 
1866.  (Annales  des  Fonts  et  Chaussees,  ser.  4,  v.  12,  p.  380-462.)  Gives  in 
tabulated  form  experiments  performed  and  constants  arrived  at  by  Aude, 
Domergue,  and  Saint-Guilhem,  p.  397-400. 

LAFONT,  de.  Note  sur  la  Repartition  des  Pressions  dans  les  Murs  de  Soutenement 
et  de  Reservoirs,  Nouvelles  Formules  pour  le  Calcul  de  ces  Murs.  1868. 
(Ayinales  des  Fonts  et  Chaussees,  ser.  4,  v.  15,  p.  199-203.) 

LAQRENE,  H.  de.  Note  sur  la  Poussee  des  Terres  Avec  ou  Sans  Surcharges.  8 
diag.,  2  dr.  1881.  (Annales  des  Fonts  ct  Chaussees,  ser.  6,  v.  2,  p.  441-471.) 
Gives  calculations  for  earth  pressure  of  level  surfaces  on  vertical  retaining 
walls. 

Abstract.      1882.      (Minutes  of  Proceedings,  Inst.  C.  E.,  v.  68,  p.   336-337.) 

LATERAL  EARTH  PRESSURE.  1904.  (Enainrering  Record,  v.  49,  p.  633-634.) 
Editorial  comment  on  "Lateral  Earth  Pressure  and  Related  Phenomena",  by 
Ernest  P.  Goodrich. 

LETHIER  and  JOZAN.  Note  sur  la  Consolidation  des  Terrassements  du  Chemin 
de  Fer  de  Gien  a  Auxerre.  2  pi.  1888.  (Annates  des  Fonts  et  Chaussees, 
ser.  6,  V.  16,  p.  5-18.)  Consolidation  of  treacherous  slopes  in  heavy  cuts  by 
means  of  rubble  spurs  perpendicular  to  face  of  slopes. 

Abstract    translation.      1889.      (Minutes    of  Froceedinqs,    Inst.    C.    E.,    v.    95,    p. 

466-468.) 

L'EVEILLE.  De  I'EmpIoi  des  Contre-forts.  1844.  (Annales  des  Fonts  et  Chaus- 
sees,  ser.   2,   v.    7,   p.   208-232.)      Derives   formulas   for   proper   design. 

LEVY,  MAURICE.  Essai  sur  une  Theorie  Rationnelle  de  I'Equilibre  des  Terres 
Fraichement  Remuees  et  ses  Applications  au  Calcul  de  la  Stabilite  des  Murs  de 
Soutenement.  1869.  (Comptes  Rendus  Hebdomadaires  des  Seances  de  I'Aca- 
demie  des  Sciences,  v.  68,  p.  1456-1458.)  Develops  a  theory  of  earth  pressure, 
and  shows  its  application  in  design  of  retaining  walls. 

LEVGUE.  Notice  sur  les  grands  Murs  de  Soutenement  de  la  Ligne  de  Mazamet  a 
Bedarieux.  2  pi.  1887.  (An7iales  des  Fonts  ct  Chaussees,  ser.  6,  v.  13  p. 
98-114.)      Considerable  attention  is  given  to  design. 
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MACONCHY,  G.  C.  Earth-pressures  on  Retaining;  Walls.  189S.  (Engineering, 
V.  (u;.  p.  25(i-257,  484-485,  641-G43.)  Gives  simple  method  for  calculating 
overturning   moments. 

^V\IN,  J.  A.  Graphic  Detormination  of  Pressures  on  Retaining  Walls.  1912. 
(T/if   Engineer,   London,    v.   113,   p.   220.) 

MEEIVI,  J.  C.  Bracing  of  Trenches  and  Tunnels,  with  Practical  Formulas  for 
Barth  Pressures.  2  diag.,  5  ill.,  13  dr.  1908.  (Transactions,  Am.  Soc.  C.  E., 
V.  00.  p.  1-23.)  Discussion,  10  diag.,  5  ill.  54  dr.,  p.  24-100.  Develops  a 
theory  of  earth  pressure,   and   basis  of  this  theory   deduces  analytical   relations. 

Abstract.     1908.      (Mi7i%ites  of  Proceedings,  Inst.  C.   E.,   v.   171,   p.  435-436.) 

Abstract.     1   ill..   3  dr.     1907.      (Engineering  Record,  v.   56,   p.   494-496.)      See 

also  editorial   "Sheet  Piling  and  Earth   Pressure",  p.   528,   and   letter  to   editor, 
p.    60S. 

MERRIMAN,  MANSFIELD.  Te.\t-book  on  Retaining  Walls  and  Masonry  Dams. 
122   p.      1893. 

MOFFET,  J.  S.  D.  Mistaken  Ideas  with  Reference  to  the  Resultant  Force  and 
the  Maximum  Pressure  in  Retaining  Wall  Calculations.  1903.  (Feilden's 
Mifiazine,   v.   9,   p.    197-199.) 

MOHLER,  C.  K.  Tables  for  the  Determination  of  Earth  Pressures  on  Retaining 
Walls.     1909.      (Engineering  News,  v.   62,   p.   588-589.) 

MULLER-BRESLAU,  HEINRICH.  Erddruck  auf  Stiitzmauern.  159  p.  1906.  "Lit- 
eratur".  p.  158-159.  Contains  a  thorough  discussion  of  the  theory  of  the 
lateral  pressure  of  sand  and  loose  earth,  and  a  full  description  of  the  author's 
extensive    experiments. 

PEARL,  JAMES  WARREN.  Retaining  Walls  ;  Failures,  Theories,  and  Safety 
Factors.  1914.  {Join~iuil,  Western  Soc.  of  Engrs.,  v.  19,  p.  113-172.)  Dis- 
cusses foundation   soil  of  retaining  walls,  and  calculates  design  mathematically. 

PETTERSON,  HAROLD  A.  Design  of  Retaining  Walls.  1908.  (Engineering 
Record.  V.  57,  p.  757-759,  777-778.)  Diagrams  are  given.  See  also  letter 
by  C.  E.  Day,  Engineei'ing  Record,  v.  58,  p.  56. 

PICHAULT,  S.  Calcul  des  Murs  de  SoutSnement  des  Terres  en  Cas  de  Surcharges 
Quelcpnques.  1899.  (Memoires  ct  Compte  Rcndxi,  des  Travaux  de  la  Soci6t6 
des  Ing^nieurs  Civlls  de  France,  1899,  pt.  2,  p.  210-266,  844-846.)  Bibliog- 
raphy, p.  264-266.  Mathematical  treatment  of  earth  pressures  on  retaining 
walls. 

PONCELET.  Memoire  sur  la  Stabilit6  des  Revetements  et  de  leurs  Fondations. 
1840.  (Comptes  Rendus  Hehdomadaires  des  Seances  de  I'Academle  des  Sciences, 
v.  11,  p.  134-140.)  Review  of  the  author's  270-page  essay  published  in 
Memorial  de  I'Offlcier  du  Ginie,  No.  IS.  Author  is  an  able  supporter  of 
Coulomb's  theory. 

Abstract.     1840.      (Revue   Generale    de    V Architecture   et    des    Travaux   Publics, 

V.  1,  p.  482-483.) 

PRELINI,  CHARLES.  Graphical  Determination  of  Earth  Slopes,  Retaining  Walls 
and  Dams.  129  p.  1908.  Elementary  treatment,  for  students  rather  than 
professional  engineers.  Graphical  methods  are  given  for  solving  problems  con- 
cerning the  slopes  of  earth  embankments,  the  lateral  pressure  of  earth,  and 
the  thickness  of   retaining  walls   and   dams. 

PURVER,  GEORGE  M.  Design  of  Retaining  Walls,  Adapted  from  Georg  Christoph 
Mfhrtens,  "Vorlesungen  uber  Static  der  Baukonstructionen  und  Festigkeits- 
lehre."  1910.  (Engincerinq-Contractinq,  v.  34,  p.  388-395.)  Includes  "Tables 
for  Allowable  Pressure.  Adopted  by  the  Public  Service  Convention  [Commis- 
sion?],  First  District,   State  of   New  York." 

RAMISCH.  .Neue  Versuche  zur  Bestimmung  des  Erddrucks.  1910.  (Zeitschrift, 
Oesterreichischen  Ingenieur-  und  Architekten-Vereines,  v.  62,  p.  233-240  ;  v.  63, 
p.  423-425.)      Mathematical  calculations. 

REBHANN,  GEORG.  Theorie  des  Erddruckes  und  der  Futtermauern  mit  besonderer 
Rilcksicht  auf  das  Bauwesen.  1871.  (Zeitschrift,  Oesterreichischen  Ingenieur- 
und  Architekten-Vereines,  v.  23,  p.  211.)  Review,  by  O.  Baldermann,  of  Reb- 
bann's  book,  published   in   1870   in   Vienna  by  Carl   Gerold's  Son. 

REISSNER,  H.  Theorie  des  Erddrucks.  1910.  (Enzyklopadie  der  Mathematischen 
Wissenschaften,  v.  4,   pt.  4,  p.  386-417.)      "Literatur",  p.  387. 

REPPERT,  CHARLES  M.  Recent  Retaining  Wall  Practice,  City  of  Pittsburgh. 
1910.  {Proceedings,  Engrs.  Soc.  of  Western  Pennsylvania,  v.  26,  p.  316-354.) 
Discussion,  p.  .T55-367.  Gives  attention  to  calculation  of  earth  pressures  as 
affecting  design. 
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RESAL,  JEAN.  Poussee  des  Terres.  2  v.  1903-1910.  (Enzyklopadie  des 
Travaux  Publics.)  v.  1.  Stabilite  des  Murs  de  Soutenement.  v.  2.  Theorie 
des  Terres  Coherentes. — Applications. — Tables  Numeriques.  Purely  theoretical 
work  on  earth  pressures  as  affecting  the  design  of  structures,  v.  1  deals 
entirely   with   soils   lacking  cohesion. 

REUTERDAHL,  ARVID.  From  the  Soil  Up :  A  New  Method  of  Designing.  1914. 
(Engineering-Contracting,  v.  42,  p.  581-585.)  Considers  especially  retaining 
wall  design.  Advocates  starting  with  the  bearing  capacity  of  the  soil,  and 
working  from  that  basis. 

ROSE,  W.  H.  Formulas  for  the  Design  of  Gravity  Retaining  Walls.  1910.  {En- 
gineering-Contracting, V.  34,  p.  115-117.)  From  Professional  Memoirs,  Corps 
of  Engineers,  U.  S.  Army. 

SAINT=VENANT,  de.  Examen  d'un  Essai  de  Theorie  de  la  Poussee  des  Terres 
Contre  les  Murs  Destines  k  les  Soutenir.  1873.  {Comptes  Bendus  Hebdoma- 
daires  des  Seances  de  I'Academie  des  Sciences,  v.  73,  p.  234-241.)  Criticizes 
Curie's  theory,  and  defends  the  so-called  rational  theory  developed  by  Levy. 

SAINT=VENANT,  de.  Poussee  des  Terres.  Comparaison  de  ses  Evaluations  au 
Moyen  de  la  Consideration  Rationnelle  de  I'Equilibre-limite,  et  au  Moyen  de 
I'EmpIoi  du  Principe  dit  de  Moindre  Resistance,  de  Moseley.  1870.  (Comptes 
Bendus  Hebdoniadaires  des  Seances  de  I'Academie  des  Sciences,  v.  70,  p. 
894-897.) 

SAINT=VENANT,  de.  Rapport  sur  un  Memoire  de  M.  Maurice  Levy,  Presente  le 
3  Juin,  1867,  Reproduit  le  21  Juin,  1869,  et  Intitule  :  Essai  sur  une  Theorie 
Rationnelle  d'Equilibre  des  Terres  Fraicliements  Remuees,  et  ses  Applications 
au  Calcul  de  la  Stabilite  des  Murs  de  Soutenement.  1870.  (Comptes  Bendus 
Hebdoniadaires  des  Seances  de  I'Academie  des  Sciences,  v.  70,  p.  217-235.) 
Report  of  a  committee,  giving  a  historical  review  of  the  works  on  earth  pres- 
sure,   and   discussing  in   detail   Maurice   Levy's   theory. 

SAINT=VENANT,  de.  Recherche  d'une  Deuxieme  Approximation  dans  le  Calcul 
Rationnel  de  la  Poussee  Exercee,  Contre  un  Mur  dont  la  Face  Posterieure  a  une 
Inclinaison  quelconque,  par  des  Terres  non  Coherentes  dont  la  Surface  Supe- 
rieure  s'Eleve  en  un  Talus  Plan  quelconque  a  Partir  du  Haut  de  Cette  Face  du 
Mur.  1  diag.  1870.  (Comptes  Bendus  Hebdomadaircs  des  Seances  de  I'Academie 
des  Sciences,  v.  70,  p.  717-724.)      Based  on  Levy's  theory. 

SAINT=VENANT,  de.  Sur  une  Determination  Rationnelle,  par  Approximation,  de 
la  Poussee  qu'  Exercent  des  Terres  Depourvues  de  Cohesion,  Contre  un  Mur 
ayant  une  Inclinaison  quelconque.  3  diag.  1870.  (Comptes  Bendus  Heb- 
doniadaires des  Seances  de  I'Academie  des  Sciences,  v.  70,  p.  229-235,  281-286.) 
Development  of  Levy's  theory. 

SAINT='VENANT,  de.  Sur  une  Evaluation,  ou  Exacte  ou  d'une  Tres  Grande  Ap- 
proximation, de  la  Poussee  des  Terres  Sablonneuses  Contre  un  Mur  Destin6  a  les 
Soutenir.  1884.  (Comptes  Bendus  Hebdomadaircs  des  Seances  de  I'Academie 
des   Sciences,  v.  98,  p.  850-852.)      Based  on  Boussinesq's  works. 

SCHAFFER.  Erddruck  und  Stiitzwande.  1  diag.,  1  pi.  1878.  (Zeitschrift  fur 
Bauivesen,  v.   28,   p.   527-548.) 

SCHMITT,  EDUARD.  Empirische  Formeln  zur  Bestimmung  der  Starke  der  Fut- 
termauern.  1871.  (Zeitschrift,  Oesterreichischen  Ingenieur-und  Architekten- 
Vereines,  v.  23,  p.  336-338.)  Mathematical  calculations  on  the  basis  of  Reb- 
hann's  tables. 

SCMWEDLER,  J.  W.  [Unterschnittene  Futtermauern.]  1871.  (Zeitschrift  fill 
Bauwesen,  v.  21,  p.  280-282.)  Discussion  of  the  formula  derived  by  Schwedler 
at  a  meeting  of  the  Architekten-Verein  zu  Berlin. 

SERBER,  D.  C.  Stability  of  Sea  Walls.  15  diag.  1906.  (Engineering  News, 
V.  56,  p.  198-200.)      Gives  method  of  design. 

Brief  abstract.      1906.      (Le  Genie  Civil,  v.  50,   p.  32.) 

SHEET^PILING  AND  EARTH  PRESSURE.  1907.  (Engineering  Becord,  v.  56,  p. 
528.)  Refers  particularly  to  paper  on  "The  Bracing  of  Trenches  and  Tunnels," 
by  J.  C.  Meem. 

SIEQLER.  Experiences  Nouvelles  sur  la  Poussee  du  Sable.  1887.  (Annates  des 
Fonts  et  Chaussees,  ser.  6,  13,  p.  488-505.)  Experimental  method  for  studying 
reactions  between  masses  of  earth  and  their  supporting  walls.  Friction  dyna- 
mometer was  used  to  determine  intensity  of  pressure. 

Condensed    translation.      "New    Experiments    on    the    Thrust    of    Sand."      1887. 

(Scientific  American  Supplement,  v.  24,  p.  9724-9725.) 

SINGER,  MAX.  Fliessende  Range.  1902.  (Zeitschrift,  Oesterreichischen  Inge- 
nieur-  und  Architekten-Vereines,  v.  54,  pt.  1,  p.  190-196.)  Describes  yielding 
of  sides  of  railway  cutting  in  valley  of  the  Eger,  Austria,  with  methods  used 
for  retaining  embankment. 
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SINK'S,    F.    F.       Analysis    and    Design    of    a    Reinforced    Concrete    Retaining    Wall. 

1905.      (Engineering  News,  v.  53,  p.  8-9.) 
SINKS,    F.    F.     Design    for   Reinforced    Concrete   Retaining   Wall.      1904.      (Railroad 

Gazette,  V.  37.  p.  676-677.)      Letter. 
SKIBINSKI,    CARL.       Ueber    StiltzmauerquerKchnitte.       1898.       (Zeitschrift,    Oester- 

ri'i.liisihen   Ingenieur-  und  Architekten-Verelnes,  v.  45,  p.  666-670.) 
SKIBINSKI,    KARL.      Theorie    de.-^    Erddrucks    auf    Grund    der    neueren    Versuchen. 

1    diag.,    1    pi.      1885.      (Zeitschrift,    Oe.sterreichischen    Ingenieur-    und    Archi- 

tekten-'Vereines,   v.   37,    p.   65-77.)      Develops  his   own   theory   of   earth   pressure 

based  on   the   experimental   work   of  Forchheiraer,   Gobin,   and   Darwin.      Gives   a 

graphical    construction    of   his   theory,    and    methods    of    practical    application. 
SPILLNER,    E.      Stiitzmauern.      1S»01.        (Handbuch    der    Architektur,    ed.    3.     v.    3, 

pt.  G.  p.  182-197.)      "Literatur,"  p.  196. 
STRUKEL,     M.      Beitrag    zur    Kenntniss     des     Erddruckes.      2     diag.,     4    dr.      1888. 

(Zeitschrift,     Oesterreichischen     Ingenieur-     und     Architekten-Vereines,     v.     40, 

p.  119-125.)      Critical  review  of  the  salient  points  of  the  earth  pressure  theory 

as  developed   by   Coulomb,   Rebhauu,   and  others.      In   support  of   his  own   views, 

gives  results  of  some  e.xperiments. 
SYLVESTER.    J.    J.       On    the    Pressure    of    Earth    on    Revetment    Walls.       1    diag. 

1860.      (London,  Edinburgh  and  Dublin  Philosophical  Magazine  and  Journal  of 

Seicnce,    ser.    4,    v.    20,    p.    489-499.)      Criticism    of    theories    of    Coulomb    and 

Rankine. 
TATE,    JAMES    S.       Surcharged    and    Different    Forms    of    Retaining    Walls.      59    p. 

1873.     Van    Nostrand.      Theoretical    calculations   for    retaining   walls. 

1873.      (Van  Nostrand's  Eng-incering  Magazine,  v.  9,  p.  481-494.) 

THORNTON,  WILLIAM  M.  Retaining  Walls.  7  diag.  1879.  (Van  Nostratid's  Engi- 
neering  Magazine,   v.   20,    p.    313-318.)      Concise    and    simplified    account   of   the 

theory  of  earth  pressure  and  its  application  to  the  design  of  retaining  walls. 
VAN    BUREN,    JOHN    D.,    JR.      Quay    and    Other    Retaining    Walls.      6    diag.      1872. 

(Transactions.  Am.  Soc.  C.  E.,  v.  2,  p.  193-221.)      Establishes  practical  formulas 

for   the    dimensions    of   walls   of    various    shapes    and    under    various    conditions. 

Follows    Coulomb's    theory.      An     appendix    gives    a    number    of    mathematical 

relations. 
VEDEL,    P.     Theorv    of    the    Actual    Earth    Pressure    and    Its    Application    to    Four 

Particular    Cases.      1894.      (JoimioZ,    Franklin    Inst.,    v.    138,    p.    139-148,    189- 

198.)      Mathematical  calculation. 
WALMISLEY,    A.    T.      Retaining    Walls.      1907.      (The    Builder,    London,    v.    93,    p. 

647-G48.)      Discusses  calculations  of  earth  pressure,  foundations,  etc. 
WEINOARTEN.      [Die    Theorie    des    Erddrucks.]      1    diag.      1870.      (Zeitschrift    fiir 

Bautcesen,  v.  20,  p.  122-124.)      Abstract  of  a  paper  read  before  the  Architekten- 

Vereln  zu  Berlin. 
WESTON,    W.    E.       Tables    for    Use    in    Determining    Earth    Pressure    on    Retaining 

Walls.      1911.      (Engineei-ing  News,  v.  65,  p.  756-757.) 
WINKLER,     E.       Neue     Theorie    de.^     Erddruckes.       19     diag.       1871.       (Zeitschrift, 

Oesterreichischen    Ingenieur-    und    Architekten-Vereines,    v.    23,    p.    79-89,    117- 

122.) 
WOODBURY,    D.    P.      On    the   Horizontal    Thrust    of    Embankments.      1    diag.      1859. 

(Mathe)natieal  Monthly,  v.  1,  p.   175-177.)      Mathematical  paper. 
WOODBURY,  D.  P.      Remarks  on  Barlow's  Investigation  of  "the  Pressure  of  Banks, 

and    Dimensions    of    Revetments."      2    diag.      1845.      (Journal,    Franklin    Inst., 

V.  40,  p.  1-7.) 

PILES. 

GENERAL. 
See  also  Foundations. 

ABBOTT,  HUNLEY.  Discussion  of  the  Carrying  Capacity  of  Bulb-pointed  Con- 
crete Piles.  1911.  (Engineering-Contracting,  v.  35,  p.  41-43.)  Takes  into 
consideration  different  kinds  of  soils  and  "safe  bearing  power  of  soils." 

BENABENQ,  J.  Resistance  des  Pieux :  Th6orie  et  Applications.  16  diag.,  29  dr. 
1911.  (Annates  des  Fonts  et  Chaussees,  ser.  9,  v.  5,  p.  263-355  ;  ser.  9,  v.  6, 
p.  475-543.)  Deals  with  the  bearing  value  of  piles  from  a  mathematical  stand- 
point. The  first  part  treats  the  subject  from  a  new  standpoint,  viz.,  that  of 
static  equilibrium.  The  second  part  follows  more  or  less  normal  lines. 
Numerous  formulas   are  deduced.     Gives  many  tables  of  constants. 

Abstract.     1912.      (Minutes  of  Proceedings,  Inst.  C.  E.,  v.  158,  p.  475-476.) 

Abstract.     1912.      (Engineering  Record,  v.  65,  p.  248.) 

Condensed.     1912.      (Le  Genie  Civil,  v.  60,  p.  246-250.) 
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CEZANNE.  Notice  sur  le  Pont  de  la  Theiss  et  sur  les  Pondations  Tubulaires. 
1859.  (Annalcs  des  Fonts  et  Chanssees,  ser.  3,  v.  17,  p.  334-382.)  Loading  of 
piles  at  Szegedin,  p.  340-341. 

COLUMN  ACTION  IN  PILES.  1908.  {Engineering  News,  v.  60,  p.  18-19.) 
Under  the  conditions  of  river  pier  construction,  also  in  other  cases,  the  free 
length  of  pile  is  great.  The  vertical  strength  of  such  columns  is  very  much 
below  the  bearing  value  that  could  be  developed  in  a  firm  gravel  stratum.  To 
design  long  soft-ground  marine  piling  for  pure  bearing  value  incurs  the  risk 
of  overloading  the  piles  as  columns. 

CONCRETE  PILE  WALL  FOUNDATIONS.  1  dr.,  1  ill.  1904.  {Engineering  Record, 
v.  50,  p.  431-432.)  Describes  foundation  work  for  the  United  States  Express 
Company's  building.  New  York.      Gives  results  of  pile  tests. 

COTHRAN,  THOMAS  W.  Form  for  Pile-driving  Records  Used  on  the  Norfolk  and 
Southern  Railway.  1  chart,  1  dr.  1907.  {Engineering  News,  v.  57,  p.  596.) 
Letter  to  editor. 

ECCENTRIC  LOAD  ON  PILES  OR  RIVETS.  1912.  {Engineering  News,  v.  67,  p. 
1190.)  Note  giving  simple  formula  for  section  modulus  of  eccentrically  loaded 
piles  or  rivets. 

FARGO,  WILLIAM  G.  Experience  with  Steel  Sheet-piling  in  Hard  Soils.  1907. 
{Engineering  News,  v.  57,  p.  374-375.)  Paper  before  Michigan  Engineering 
Society.      Methods  and  costs.      Clay  hardpan  was  encountered. 

1907.      {Engineering-Contracting,  v.  27,  p.  193-195.) 

Condensed.      1907.      {Engineering  Record,  v.  55,  p.  175-176.) 

GOODRICH,  E.  P.  Column  Action  In  Piles;  Stiffening  Piles  by  Rip-rap.  1908. 
{Engineering  News,  v.  60,  p.  41.)      Letter  to  editor. 

GOODRICH,  E.  P.  Why  Not  a  Rational  Specification  for  a  Wooden  Pile?  1915. 
{Engineering  Record,  v.  71,  p.  627-628.)      Letter  to  editor. 

HOOPER,  HENRY.  Description  of  the  Pier  at  Southport,  Lancashire.  1861. 
{Minutes  of  Proceedings,  Inst.  C.  E.,  v.  20,  p.  292-299.)  Gives  load  used  on 
cast-iron  piles,  p.  295. 

HOWE,  W.  B.  W.  Some  Facts  of  Experience  in  Pile  Driving.  1892.  {Engineer- 
ing Neivs,  V.  28,  p.  543-545.)  Letter  to  editor  and  reply  by  editor,  A.  M. 
Wellington. 

HURTZIG,  ARTHUR  CAMERON.  Note  on  the  Friction  of  Timber  Piles  in  Clay. 
1  dr.,  1  pi.  1881.  {Minutes  of  Proceedings,  Inst.  C,  E.,  v.  64,  p.  311-315.) 
Gives  results  of  observations  on  frictional  resistance  to  motion  of  piles  and 
deduces  a  formula  for  maximum  load. 

Condensed.      1    diag.      1881.      {Van    Nostrand's    Engineering    Magazine,    v.    25, 

p.  273-276.) 

KNIGHT,  G.  L.  Underpinning  with  Hollow  Piles  Driven  with  Point.  1916.  {En- 
gineering  News,  v.  76,  p.  982-985.)  Two-story  building  underpinned  for  unit 
load  of  600  lb.  p6r  sq.  ft.,  and  increased  to  four  stories.  Special  pile-driver 
drove  hollow  steel  piles  25  ft.  with  lower  ends  closed  by  a  special  projectile- 
shaped  point. 

LENTZ,  H.  Drawing  Piles  in  Cuxhaven  Harbor.  1880.  {Minutes  of  Proceed- 
ings, Inst.  C.  E.,  V.  59,  p.  396-397.)  Abstract  from  Deutsche  Bauzeit\ing, 
1879,  p.  340.  Discusses  difficult  operation  of  drawing  piles  and  gives  the  pull 
required  in  certain  special  cases. 

LESSON  IN  PILE-DRIVING.  1  dr.  1889.  {Engineering  News,  v.  22,  p.  368.) 
Editorial,  pointing  out  the  faulty  pile  work  of  the  South  Street  Bridge, 
Philadelphia. 

MARQUARDSEN,  R.  P.  V.  Pressures  on  Piles  Supporting  Masonry.  1915.  {Jour- 
nal, Western  Soc.  of  Engrs.,  v.  20,  p.  541-547.) 

MAYER,  RUDOLF.  Ueber  die  Vertheilung  des  Pfeilerdruckes  in  den  Fundamenten. 
4  diag.  1896.  {Zeitschrift,  Oesterreichischen  Ingenieur-  und  Architekten- 
Vereines,  v.  48,  p.  654-656.)  Discusses  the  conditions  favorable  to  a  uniformly 
distributed  loading  on  soil. 

METHODS   OF    CONSTRUCTING    REINFORCED   CONCRETE    PILE    BENTS    FOR    THE 

Atlantic  City  Boardwalk.      1909.      {Engineering-Contracting,  v.  31,   p.   126-128.) 
Gives  method  used  in  constructing  a  concrete  pile  foundation  in  sea  sand. 

PILE  DRIVING;  PRINCIPLES  OF  PRACTICE.  1911.  {Proceedings,  Am.  Ry.  Eng. 
and  Maintenance  of  Way  Assoc,  v.  12,  p.  278-302.)  Also  gives  pile  record 
forms.      See  aluo.  Amendments,  p.  306. 

PILE  DRIVING  DESTROYS  A  TUNNEL  BY  CLAY  PRESSURE.  1  diag.,  1  ill.  1915. 
{Engineering  News,  v.  74,  p.  404-405.)  An  8-ft.  brick  tunnel  under  the 
Cuyahoga  River,  Cleveland,  Ohio,  was  completely  crushed  by  lateral  pressure 
and  flow  of  the  clay  subsoil. 
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PILES   AND    PILE   DRIV'INO.      1910.      (Procccdinfjs,  Am.   Ry.   Eng.  and   Maintenance 

of  Way  Assoc,  v.  11.  pt.   1.  p.  185-216.)      Gives  pile  record  forms. 
PLACING   PILE   FOUNDATION    PIERS   FOR   NEW   BUILDING   BEFORE   DEMOLITION 

of  Old.      1914.      (KtKjinccriiuj  Xvivs,  v.  71,  p.  910-912.)      New  York  building. 
RENO.   J.   W.      File  Foundations   for   Tunnels   in    Soft   Ground.      2   dr.      1907.      (En- 

(jiiircrinD  Ncus,  v.  ."SS.  p.  4:5.)      Describes  Reno  pile-driver;  gives  pressure  piles 

will  sustain  in  soft  ground  after  standing  a  few  days. 
SCHURCH,     H.      Eine     eigenartige     Eisenbetonpfablgriindung.       1914.       (Beton      und 

Kuscn.  V.  13.  p.  373-375:  v.  14,  p.  11-16.)      Describes  foundations  of  a  hotel  in 

Triost  on  floating  piles,  which  have  no  solid  bearing. 

SHERTZER,  TYRRELL  B.     Another  Form   for  Pile-driving  Records.      1   chart.      1907. 

(Entnnecrituj  iVeics,  v.  58,  p.  66.)      Letter  to  editor. 
STEEL     SHEET-PILING     FOR     RETAINING     EARTH     UNDER     SPREAD     FOOTINGS. 

1908.  (Engineering  Record,  v.  58,  p.  15-16.)  Describes  methods  used  under 
old  Custom  House,  New  York  City.  Soil  consisted  of  mixture  of  clay  and 
brownish  sand  containing  many  small  stones  and  a  great  quantity  of  water. 

STEEL  PILING  FOUNDATIONS.  1906.  (Engineering  Record,  v.  53,  p.  246). 
Considers  soil  and  load  on  concrete  filling  of  caissons. 

USE  OF  TIMBER  IN  ENGINEERING  STRUCTURES.  1892.  (Engineering,  London, 
V.  53,  p.  412-413.)  Editorial  indicating  the  extensive  use  of  wood  piling  in 
I'nited  States  and  discussing  some  formulas  for  supporting  power  of  piles  used 
by  American  engineers. 

WEIHE,    H.,    ed.       Rammen    und    zugehorige    Hulfsmaschinen.       1910.       (Handbuch 

der  Ingenieurwissenschaften,  v.   4,  pt.   1,   p.  211-312.)      "Literatur,"  p.  309-312. 

Good  review  of  the  use  of  piles  in  foundation  work. 
WELLINGTON,    A.    M.,    ed.      Piles    and    Pile    Driving.      145    p.      1893.      Engineering 

News    Pub.    Co.      Reprint   of    articles    that    appeared    previously    in    Engineering 

yews,  particularly  on  the  safe  loading  of  piles. 
WILLMANN,    L.    von.     Tragfahigkeit   eingerammter   Pfahle.      1906.      (Handbuch    der 

Ingenieurwissenschaften,  ed.  4,  pt.  1,  v.  3,  p.  88-93.) 

THEORY    AND   FORMULAS. 

BAILLAIRGE,  C.  Supporting  Power  of  Piles.  1902.  (Engineering  Record,  v.  45, 
p.  183-184.)  Letter  to  editor  discussing  defects  of  existing  formulas  and  sug- 
gesting a  board  of  inquiry  into  the  subject  of  pile  foundations  by  American  and 
Canadian   Governments. 

COLE,  HOWARD  J.  Concrete  Piles.  12  ill.,  1  dr.  1909.  (Transactions.  Am. 
Soc.  C.  E.,  V.  65,  p.  467-487.)  Discussion,  3  diag.,  4  ill.,  5  dr.,  p.  488-513. 
Important  discussion  on  concrete  piles.  Formulas  for  their  bearing  value  are 
derived. 

.\bstract.      4    diag.      1909.      (Engineering-Contracting,    v.    32,    p.    308-310.) 

DIAGRAMS  FOR  SAFE  LOADS  ON  PILES.  1  diag.  1912.  (Engineering-Con- 
tracting, V.  37,  p.  94.)      Constructed  with  the  use  of  Engineering  News  formula. 

ELLIS,  G.  W.  New  Pile  Formula  Desired.  1905.  (Engineering  Record,  v.  52,  p. 
390.)  Letter  to  editor  criticizing  accepted  formulas  for  bearing  value  of  piles 
and  urging  the  Engineering  Profession  to  evolve  a  new  one. 

[ENQINEERINO  NEWS  FORMULA.]  1906.  (Engineering  News,  v.  55,  p.  499.) 
Editorial. 

FORMULAE  FOR  SAFE  BEARING  LOAD  OF  PILES.  1889.  (Engineering  News, 
v.  22,  p.  368-369.)      Editorial  digest. 

FORMULAE  FOR  SAFE  LOADS  OF  BEARING  PILES.  1888.  (Engineering  News, 
v.  20,  p.  509-512.)  A.  M.  Wellington,  editor,  derives  a  formula  which  later 
became  known  as  the  "Engineering  News  formula."  Compares  this  formula 
with  others. 

GOODRICH,  ERNEST  P.  The  Supporting  Power  of  Piles.  18  diag.,  3  dr.  1902. 
(Transactiotis,  Am.  Soc.  C.  E.,  v.  48.  p.  180-212.)  Discussion,  p.  213-219. 
.Author  develops  a  general  formula  for  the  bearing  value  of  piles,  and  compares 
it  with  numerous  existing  formulas. 

Abstract.      (Minutes  of  Proceedings,  Inst.  C.   E.,  v.  149,   p.  383-384.)      See  also 

editorial  "Supporting  Power  of  Piles,"  Engineering  Record,  v.  45,  p.  97.  See 
also  letters  to  editor.  1  diag.  1902.  (Engineering  Record,  v.  45,  p.  183- 
184.) 

GOODRICH,  ERNEST  P.  The  Supporting  Power  of  Piles.  1910.  (Proceedings, 
Am.  Ry.  Eng.  and  Maintenance  of  Way  Assoc,  v.  11,  pt.  1.  p.  217-236.)  Suggests 
further  experimental  work  for  developing  a  dependable  formula. 

Condensed.      1910.      (Engineering-Contracting,    v.     33,     p.    371-373.)      See    also 

editorial.  Engineering  Record,  v.  61,  p.  744. 


123S  BEARING   VALUE  OF   SOILS  [Papers. 

GRIFFITH,  JOHN  H.  Ultimate  Load  on  Pile  Foundations,  Static  Theory.  6  diag. 
1910.  (Transactions.  Am.  Soc.  C.  E.,  v.  70,  p.  412-441.)  Discussion,  p.  442- 
447.  See  also  editorial,  Engineering  Record,  v.  61,  p.  744.  Attempts  to  con- 
struct a  formula  by  statical  methods. 

HAAQSMA,  R.  Allowable  Load  on  Piles.  1892.  (Engineering,  London,  v.  53, 
p.  553-554.)  Discusses  his  formula  which  was  originally  published  in 
Tijdskrift  van  het  Koninklyk  Instituut  van  Ingenieurs,  1886-1887,  and  which 
is  much  used  in   Holland. 

HASWELL,  CHARLES  H.  On  Formulas  for  Pile-Driving.  1893.  (Minutes  of 
Proceedings,  Inst.  C.  E.,  v.  115,  p.  315-320.)  Discusses  formulas  of  Rankine, 
Sanders,  Molesworth,  and  others,  and  derives  his  own  formula. 

HASWELL,  CHARLES  H.  Pile-Driving  Formulas:  Their  Construction  and  Factors 
of  Safety.  1899.  (Transactions,  Am.  Soc.  C.  E.,  v.  42,  p.  267-276.)  Discus- 
sion, 1  diag.,  p.  277-287.  See  also  Railroad  Gazette,  v.  31,  p.  608.  Reviews 
and  criticizes  the  pile  formulas  most  in  use,  and  presents  for  consideration  a  new 
one  devised  by  himself. 

HENDRY,  M.  C.  Bearing  Power  of  Piles.  1909.  (Canadian  Engineer,  v.  16, 
p.  485-490.)      Discusses  formulas  and  their  basis,  action  of  soil,  etc. 

HERING,  RUDOLPH,  comp.  Bearing  Piles.  (Engineering  News,  v.  5,  p.  56,  88, 
103-104,  116,  124.)  Gives  formulas  for  bearing  value,  size,  and  location  in  any 
foundation. 

K.,  F.  P.  Short  Formula  for  Bearing  Piles.  1888.  (Engineering  News,  v.  20, 
p.  326.)      Letter  to  editor. 

KAFKA,  RICHARD.  Praktische  Anwendungen  der  Methoden  zur  Bestimmung  der 
zulassigen  Pfahlbelastung.  1909.  (Beton  und  Eisen,  v.  8,  p.  161-164,  196-198, 
212-216.)      Static,   geometrical  method  is  used  in   calculating. 

KNOWLES,  A.  M.  Steam-Hammer  Pile  Formulas  ;  Suggestions  and  Queries. 
1916.  (Engineering  News,  v.  75,  pt.  1,  p.  372-373.)  See  also  Rohde, 
Charles  F. 

KREUTER,  FRANZ.  New  Method  for  Determining  the  Supporting  Power  of  Piles. 
1896.  (Minutes  of  Proceedings,  Inst.  C.  E.,  v.  124,  p.  373-377.)  Analytical 
method  verified  experimentally.  See  also  editorial  "A  New  Formula  for  the 
Supporting  Power  of  Piles."      1896.      (Engineering  Record,  v.   33,   p.   343.) 

Abstract.      1896.      (Engineering  Record,  v.  33,  p.   330.) 

Condensed.      1896.      (Railway   Review,   v.    36,    p.   262.) 

KRIEQSMAN,  EUGEN  F.  Pile-Driver  Diagram.  1  diag.  1912.  (Engineering 
Record,  v.  65,  p.  417.)  Gives  logarithmic  diagram  for  ascertaining  bearing 
value  of  piles  by  measuring  penetration   under  drop-hammer. 

McALPINE,  WILLIAM  JARVIS.  Supporting  Power  of  Piles  ;  and  on  the  Pneu- 
matic Process  for  Sinking  Iron  Columns,  as  Practised  in  America.  With  Dis- 
cussion. 1  pi.,  2  dr.  1868.  (Minutes  of  Proceedings,  Inst.  C.  E.,  v.  27,  p. 
275-319.)  Discusses  formulas  of  Sanders,  Molesworth,  and  Weisbach,  and 
deduces    his   own   theory,    based   on    extensive   experiments. 

McALPINE,  WILLIAM  JARVIS.  Supporting  Power  of  Piles,  Both  of  Wood  and 
Iron,  and  the  Use  of  the  Latter,  Either  as  Piles  or  Columns  of  Support  for 
Foundations.  1  ill.  1868.  (Journal,  Franklin  Inst.,  v.  85,  p.  98-110,  170- 
182.)  Gives  results  of  tests  with  various  piles.  Discusses  several  pile  formulas, 
and  suggests  his  own  for  consideration. 

MAVNARD,  HENRY  NATHAN.  New  Ross  Bridge.  1871.  (Minutes  of  Proceed- 
ings, Inst.  C.  E.,  V.  32,  p.  146-191.)  Discussion  refers  to  Sander's  formula  for 
bearing  value  of  piles,  p.  165-167. 

MILINOWSKI,  ARTHUR  S.  Diagram  for  Determining  the  Safe  Load  on  Piles.  1 
diag.      1911.      (Engineering  News,  v.  65,  p.  139.) 

PILE  DRIVING  FACTORS  OF  SAFETY.  1889.  (Engineering  Netvs,  v.  21,  pp.  313- 
314.)      Editorial  by  A.  M.  Wellington. 

PILE  DRIVING  FORMULAS.  1899.  (Railroad  Gazette,  v.  31,  p.  608-609.) 
Reviews  Charles  H.  Haswell's  paper,  which  appeared  in  v.  27  of  Transactions, 
Am.    Soc.    C.   E. 

PILE  FOUNDATIONS  AND  PILE  DRIVING  FORMULAE.  3  diag.  1882.  (Van 
Nofiirand's  Engineering  Ma(ia::ine,  v.  27,  p.  22-31.)  From  a  circular  of  the 
office  of  Chief  of  Engineers.  Compares  experimental  results  with  twenty-one 
formulas. 

RANDOLPH,  RD.  Pile-Driving  Formulas  and  Practice.  1882.  (Van  Nostrand's 
Engineering  Magazine,  v.  27,  p.  298-302.) 

ROHDE,^  CHARLES  F.  Proposes  a  New  Pile  Formula.  1916.  (Engineering  News, 
V.  75,  pt.  1,  p.  476.)  Letter  discussing  an  article  on  steam-hammer  pile  for- 
mulas :   suggestions   and   queries.     See  also   Knowles,   A.   M. 

SAFE  LOAD  FOR  BEARING  PILES.  1892.  (Engineering  Neivs,  v.  28  p  469- 
470.)      Editorial  by  A.  M.  Wellington. 
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SANDERS,  JOHN.  Rule  for  CalcuIatiiiK  the  Weight  That  can  be  Safely  Trusted 
upon  a  Flic  Which  Is  Driven  for  the  Foundation  of  a  Heavy  Structure.  1851. 
(.loiiriKil.   Franklin   Inst.,   v.   52,   p.    304-305.) 

STERN,  OTTOKAR.  Kilnstliche  Befestigung  des  Baubodensmittels  "schwebender" 
rilotage.  1007.  {lieton  und  Eiscn,  v.  6,  p.  1-4,  56-57.)  Calculates  bearing 
value  of  concrete  piles. 

STICKNEY,  G.  F.  Diagrams  to  Determine  the  Bearing  Power  of  Piles.  2  diag., 
1  dr.  1907.  (Engineering  Record,  v.  56,  p.  720-721.)  Gives  also  the  con- 
struction of  a  pile-driver  for  testing  purposes. 

STRENGTH  OF  SHEET-PILING.  1911.  (Proceedings,  Am.  Ry.  Eng.  and  Main- 
tiMiance  of  Way  Assoc,  v.  12,  pt.  1,  p.  303-304.)  Derives  formulas  for  pressure 
due  to  water,  due  to  dry  sand  and  due  to  wet  slipping  material. 

SUPPORTING  POWER  OF  PILES.  1902.  (Engineering  Record,  v.  45,  p.  97. 
Editorial,  pointing  out  uncertainty  of  knowledge  on  the  subject.  See  also  letter 
by  C.  Baillairge,  p.   183. 

TESTING. 
See  also  Chemical  and  Physical  Properties  of  Soils,  Testing. 
ACTUAL    RESISTANCE    OF    BEARING    PILES.      1893.      (Engineering    News,    v.    29, 
p.    171-173.)      Records,     with    notes,     seventeen    different    examples    of    actual 
weight    supported    by    piles    at    different    places. 
ADHESION    OF    TIMBER    PILES    TO     CONCRETE.      6    dr.      1904.      (The    Engineer, 
London,   v.   98,  p.    167-168.)      Abstract  of  paper   published  in   "Travaux   Publics 
de  Belgique,"      Gives  results  of  experiments  with  piles  sliding  in  a  mass  of  con- 
crete  and    on    resistance  developed   by    piles   when    passing   through   a    concrete 
platform. 

Condensed.     1904.      (Engineering  Record,  v.  50,  p.  358-359.) 

ALLEYNE,  JOHN  GAY  NEWTON.  Dordrecht  Railway  Bridge,  and  the  Founda- 
tions of  the  Railwav  Bridge  at  Rotterdam.  1875.  (Minutes  of  Proceedings, 
Inst.  C.  E.,  v.  42,  p.  213-227.)  Gives  tests  of  piles  and  formulas  used  by  Dutch 
engineers  for  bearing  value,  p.  216. 
BEARING  POWER  OF  PILES.  1894.  (Engineering  News,  v.  31,  p.  283-284.) 
Tests  made  while  driving  piles  for  foundations  of  Chicago  Public  Library.  Bear- 
ing value  of  soils  is  considered,  and  formulas  tested  for  bearing  power  of  piles. 
BIHLER,  C.  S.  Strength  of  Piles.  1  diag.  1904.  (Railway  and  Engineering 
Review,  v.  44,  p.  206-209.)      Gives  results  of  test  of  long  timber  piles. 

.Abstract.     1904.      (Minutes   of   Proceedings,   Inst.    C.    E.,    v.    158,    p.    475-476.)  - 

CARLIN,    J.    P.      Progress    of    Work    at    the    United    States    Naval    Academy.      3    ill. 
1901.      (Engineering    Record,    v.    43,    p.    449-452.)      Gives    results    of    tests    on 
bearing  value  of  piles  made  at  Annapolis,   Md. 
COLBERG,      OTTO.        Eine      Probelastung     mit      dem      Betonpfahlgriindungssystem 
"Strauss".      1909.      (Beton    und    Eisen,    v.    8,    p.    54-58.)      Describes    "Strauss" 
system   and   tests    in   very    soft,    yielding   soils. 
CONCRETE  PILE  FOUNDATION  OF  THE  U.  S.  EXPRESS  CO.  BUILDING,  NEW  YORK 
City.      1904.       (Engineering    News,    v.    52,    p.    348-349.)       Gives    tests    for    bear- 
ing  value    of    Raymond    system    concrete    piles. 
COTTERILL,  GEORGE  F.      Supporting  Power  of  Piles.      1902.      (Engineering  Record, 

V.  45,  p.  231-232.)      Letter  to  editor  giving  results  of  tests  on  piles  in  Seattle. 
FOLLANSBEE,    ROBERT.      Supporting   Power   of   Piles   Driven   by   a   Steam   Hammer 
After    Standing.      1904.      (Engineering    News,    v.    51,    p.    542.)      Short    letter    to 
editor  giving  test  data. 
GOW,    CHARLES    R.      Concrete   Piles.      1    dr.,    3    ill.      1907.      (Journal,    Assoc.    Eng. 
Soc,  V.  39,  p.  255-265.)      Gives  tests  on  bearing  value  of  concrete  piles. 

.Abstract.      1907.      (Engineering    News,    v.    59,    p.    305-307.) 

HOWE,  HORACE  J.  Piles  and  Pile-Driving,  New  and  Old.  1898.  (Journal, 
Assoc.  Eng.  Soc,  v.  20,  p.  257-294.)  Discussion,  1  ill.,  p.  294-312.  Reviews 
a  number  of  important  papers  on  piles  and  pile  driving.  Gives  results  of 
many  tests  performed  bv  various  experimenters. 
LOAD-TESTS  ON  CONCRETE  PILES,  NORTH  SIDE  POINT  BRIDGE  APPROACH, 
Pittsburgh.  1  diag.,  1  ill.  1914.  (Enqineering  News,  v.  72,  p.  310-311, 
507,  510.) 
PILE-DRIVING    TEST.     1    ill.     1899.      (Engineering,   London,    v.    68,    p.    824,    826.) 

Loading  tests   at  New   Quay,   Royal   Victoria   Dock,    London. 
RESULTS    OF    A    60-TON,    TWO    MONTHS    LOAD    TEST    ON    A    CONCRETE    PILE. 

1911.      (Engineering-Contracting,   v.    36,   p.    224.) 
SANDEMAN,    JOHN    WATT.      Experiments    on    the   Resistance    to    Horizontal    Stress 
of   Timber   Piling.     1   pi.     1879.      (Minutes   of  Proceedings,   Inst.   C.   E.,   v.    59, 
p.    282-285.) 
1880.      (Van   Nostrand's   Engineering  Magazine,   v.    23,   p.    493-497.) 
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SCHUYLER,  MONT.  Kingshighway  Viaduct.  St.  Louis,  Mo.  1912.  (Engineering 
News,^  V.    67,    p.    1226-1233.)      Importance    of    test    loading    for    concrete    piles, 

TEST     COMPARING     STEAM      AND      DROP=HAMMER      PILE      FORMULAS.      1916. 

(Engineering  Ncivs,  v.  75,  p.  33-34.)  Nine  pile.s  were  driven  with  drop  ham- 
mer and  eleven  with  steam  hammer,  in  an  area  having  soil  of  uniform  con- 
sistency and  therefore  presumably  of  uniform  bearing  value.  From  data  so 
obtained,  comparisons  were  made  of  accepted  bearing  value  formulas. 

TEST  OF  BEARING  POWER  OF  PILES.  1893.  (Engineering  News,  v.  30,  p.  3.) 
Tests  were  made  before  construction  of  Chicago  Public  Library  Building'.  Con- 
siders nature  and  bearing  value  of  soil.     See  also  editorial,  v.  31,  p.  283. 

TEST  OF  CONCRETE  PILES.  1910.  (Engineering  Record,  v.  62,  p.  715.)  Gives 
methods    and    results    of    tests. 

TEST  OF  THE  SAFE  LOADS  FOR  PILES.  1902.  (Engineering  Record,  v.  46, 
p.  8-t.)      Note  giving  results  of  tests  at  New  Quay,  Royal  Victoria  Dock,  London. 

TESTS  OF  THE  BEARING  POWER  OF  PILES.  1894.  (Engineering  Neios,  v.  31, 
p.  348.)      Gives  abstract  of  thesis  of  R.  F.  Gadd. 

WELSH,  J.  J.  Observations  on  Driving  Piles  with  a  Steam  Hammer.  1904. 
(Journal,  Assoc.  Eng.  Soc,  v.  33,  p.  193-197.)  Compares  results  of  test  load- 
ings of  piles   with    formulas   for   bearing   value. 

Condensed.      1904.      (Engineering  News,  v.  52,  p.   497.) 

WELSH,  J.  J.  Test  Loads  of  Piles  Driven  with  a  Steam  Hammer.  1904.  (Engi- 
neering News,  V.  52,  p.  497.)  Tests  were  made  at  a  San  Francisco  site,  in 
soft   soil. 

ZIMMERMANN,  KARL.  Rammwirkung  im  Erdreich,  versuche  auf  neuer  Grundlage. 
1915.  (Bcton  uiid  Eisen,  v.  14,  p.  188-190,  p.  205-209.)  Interesting  lab- 
oratory tests  of  the  effect  of  piles  on  the  surrounding  earth.  Small  model  piles, 
both  blunt  and  pointed,  were  driven  through  strata  separated  by  thin  layers 
with  distinctive  coloring.  After  driving,  the  effect  on  displacement  and  com- 
pression of  the  adjacent  earth  was  determined  by  a  study  of  the  vertical  cross- 
section. 

PILE-DRIVING. 

BURNELL,  Q.  R.  Practical  Observations  on  Pile  Driving.  1855.  (Papers  Read 
at  the  Royal  Inst,  of  British  Architects,  v.  5,  p.  115-122.)  Supporting  powe-r 
of    wooden    piles,    p.    117. 

CROWELL,  J.  FOSTER.  Uniform  Practice  in  Pile-Driving.  7  diag.  1892. 
{Transactions,  Am.  Soc.  C.  B.,  v.  27,  p.  99-114,  129-172,  589-602.)  Trautwine, 
Wellington,  and  others  took  part  in  the  discussion.  Gives  a  comprehensive 
review  of  the  subject  of  bearing  value  of  piles. 

Condensed.      1892.      (Engineering    News,    v.    28,    p.    398-400,    412-413,    438-440, 

460-461.) 

DE  BURGH,  ERNEST  MACARTNEY.  Pile-Sinking  by  Means  of  a  Hydraulic  Jet 
at  Moruya  and  Carrington  Bridges,  New  South  Wales.  1  pi.  1902.  (Min- 
utes of  Proceedings,  Inst.  C.  E.,  v.  150,  p.  340-351.)  Tests  of  bearing  power 
of  piles,   p.   348. 

HAMMATT,  W.  C.  Anomalous  Resistance  in  Soft  Mud  ;  Effect  of  Hammer  Shock. 
1907.  (Engineering  News,  v.  58,  p.  173-174.)  Letter  to  editor.  Gives 
experience   with  pile-driving  while  building   a  wharf  in   San   Francisco    Bay. 

HOWELL,  C.  S.  Bottom  Driven  Concrete  Piles  on  Government  Job.  1916. 
(Engineering  News,  v.  76,  p.  1207.)  Piles  driven  by  temporary  follower  against 
projections  on  pile  point.  Author  also  advocates  designing  concrete  piles 
according  to  the  load  they  will  have  to  carry,  rather  than  according  to  the 
usual    haphazard   methods. 

JAMES,  JOHN  WILLIAM.  On  the  Driving  of  Piles  to  Resist  the  Force  of  Ice 
Tending  to  Draw  Them  from  the  Ground.  1875.  (Minutes  of  Proceedings, 
Inst.  C.  E.,  V.  41,   p.   191-202.)      Results  of  series  of  experiments. 

LARGE  CONCRETE  PILE  INSTALLATION;  DATA  ON  PRELIMINARY  BEARING 
Tests  and  Details  of  Driving  more  than  11  000  Cast-in-place  Piles  for  Steel 
Plant  Foundations.  1913.  (Engineering  Record,  v.  67,  p.  36-37.)  Piles  were 
driven  through  layers  of  granulated  slag,  loam,  yellow  clay,  sand,  sand  and  clay, 
and  running  sand,  to  rock. 

RICHARDSON,  P.  A.  Chief  Features  in  Building  a  Long  Concrete  Viaduct  in  St. 
Louis.  1914.  (Engineering  Record,  v.  70,  p.  692-693.)  Experiences  in  driving 
concrete  piles  with  two  types  of  hammers. 

VAN  AUKEN,  A.  M.  Driving  Piles.  1887.  (Railroad  Gazette,  v.  19,  p.  507.) 
Results  of  experiments  in  alluvial  soil. 

WHITTEMORE,  D.  J.  On  the  Nasmyth  Pile  Driver.  1883.  (Transactions,  Am. 
Soc.  C.  E.,  V.  12,  p.  441-443.)  Shows  that  whenever  the  head  of  the  pile 
becomes  broomed,  the  effectiveness  of  any  hammer  is  greatly  lessened,  due  to 
elasticity  of  the  pile  head. 
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A  STANDAKD  SCEEEN  SCALE  FOR  TESTING  SIEVES. 

Adopted  by  a  Conference  of  Representatives  of  Various  Scientific 
and  Technical  Societies,  Government  Bureaus,  and  Private  Firms, 
held  at  the  Bureau  of  Standards,  and  Recommended  for  General 
Adoption  in  the  Interests  of  Securing  Uniformity  of  Usage. 

Since  the  adoption  by  the  Bureau  of  Standards,  several  years  ago, 
of  specifications  for  standard  100-  and  200-mesh  sieves,  frequent 
requests  have  been  received  that  this  Bureau  test  and  certify  sieves 
of  other  sizes.  "With  a  view  to  the  adoption  of  a  series  of  standard 
testing  sieves  which  might  be  of  use  to  all  industries  making  fineness 
tests,  this  Bureau  for  two  years  has  been  studying  the  question  of 
such  a  standard  screen  scale.  Various  scales  that  have  been  proposed 
were  considered,  and  information  was  sought  from  representative 
firms,  in  the  various  industries  interested,  as  to  their  requirements. 
Manufacturers  of  sieves  have  also  been  consulted  as  to  the  desirability 
of  different  screen  scales  and  the  practicability  of  their  manufacture. 
As  a  result  of  this  study  of  the  question,  a  conference  was  called  at 
the  Bureau  of  Standards,  on  April  20th,  1916,  of  representatives  of 
various  committees  of  the  American  Society  for  Testing  Materials, 
American  Society  of  Civil  Engineers,  American  Institute  of  Mining 
Engineers,  American  Foundrymen's  Association,  Mining  and  Metal- 
lurgical Society  of  America,  American  Water  Works  Association, 
American  Institute  of  Metals,  and  the  American  Spice  Trade  Asso- 
ciation; also  representatives  of  the  Committee  of  Revision  of  the 
U.  S.  Pharmacopoeia,  the  U.  S.  Geological  Survey,  the  U.  S.  Bureau 
of  Mines,  the  U.  S.  Office  of  Public  Roads  and  Rural  Engineering, 
the  U.  S.  Office  of  Grain  Standardization,  and  the  U.  S.  Bureau  of 
Standards;  also  representatives  of  a  number  of  private  firms  engaged 
in  industries  in  which  sieves  are  used,  such  as  the  glass,  the  drug 
milling,  the  abrasive,  the  asphalt,  the  mining,  the  spice,  the  chemical, 
and  the  graphite  industries;  also  representatives  of  the  firms  in  this 
country  manufacturing  wire  cloth  and  sieves. 

This  Conference,  after  considering  the  various  screen  scales  either 
proposed  or  now  in  use,  adopted  as  a  Standard  Screen  Scale  that 
given  in  Table  1,  and  recommended  that  it  be  adopted  generally  by 
scientific,  technical,  and  engineering  societies  and  committees,  and  by 
branohes  of  National,  State,  and  Municipal  Governments  as  a  part  of 
their  specifications  for  materials  and  methods  of  test;  also  that  it 
be  used  by  private  firms  who  have  need  of  standard  sieves. 

This  screen  scale  is  essentially  metric.  The  sieve  having  an  opening 
of  1  mm.  is  the  basic  one,  and  the  sieves  above  and  below  this  in 
the  series  are  related  to  it  by  using  in  general  the  square  root  of 
•2.  or  1.4142,  or  the  fourth  root  of  2,  or  1.1892,  as  the  ratio  of  the 
width  of  one  opening  to  the  next  smaller  opening.  The  first  ratio 
is  used  for  openings  between  1  mm.  and  8  mm.,  the  fourth  root  of 
2  is  used  as  the  ratio  for  openings  below  1  mm.  to  give  more  sieves 
in  that  part  of  the  scale.  The  series  has  been  made  large  enough, 
it  is  hoped,  to  meet  the  needs  of  all  industries.     Some  industries  may 
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TABLE  1. — SxAND.vRD  Screen  Scale. 

Based  on  a  1-mm.  opening  sieve  with  the  square  root  of  2,  or  1.4142, 
as  the  ratio  of  the  openings  of  successive  sieves  coarser  than  1  mm., 
and  the  fourth  root  of  2,  or  1.1892,  as  the  ratio  of  the  openings 
of  successive  sieves  finer  than  1  mm. 


Opening . 

Mesh. 

Wire 

diameter. 

Ratio  of 

wire  diameter 

to  opening. 

Tolerances. 

Size  of  sieve. 

Mesh. 

Diameter. 

8- mm.  . 

8.00 
0.315 

5.66 
0.223 

4.00 
0.157 

2.83 
0.111 

2.00 
0.079 

1.41 
0.0555 

1.00 
0.0394 

0,85 
0.0335 

0.71 
0.0280 

0.59 
0.0232 

0.50 
0.0197 

0.42 
0.0165 

0.36 
0.0142 

0.29 
0.0114 

0.25 
0.0098 

0.21 
0.0083 

0.17 
0.0067 

0.14 
0.0055 

0.125 
0.0049 

1 
2.54 

1.4 
3.56 

2 
5.1 

7.0 

3.9 
9.9 

5 

12.7 

7 
17.8 

8 
20.3 

9 

22.9 

10 
25.4 

12 
80.5 

14 
35.6 

16 
40.6 

211 
50.8 

2S 

58.4 

27 
68.6 

31 

78.7 

39 
99.1 

47 
119.4 

2.00 
0.079 

1.48 
0.058 

1.00 
0.039 

0.81 
0.032 

0.56 
0.0;J2 

0.59 
0.0232 

0.43 
0.0169 

0.40 
0.0157 

0.40 
0.0157 

0.41 
0.0161 

0.33 
0.0130 

0.29 
0.0114 

0.26 
0.0102 

0.21 
0.0083 

0.185 
0.0U73 

0.16 
0.0063 

0.15 
0.0059 

0.116 
0.0046 

0.089 
0.0035 

0.25 
0.26 
0.25 
0.29 
0.28 
0.42 
0.43 
0.47 
0.56 
0.69 
0.66 
0.69 
0.72 
0.72 
0.74 
0.76 
0.88 
0.83 
0.71 

±0.01 
±0.03 

±0.01 
±0.03 

±0.02 
±0.05 

±0.02 
±0.05 

±0.04 
±0.1 

±0.08 
±0.2 

±0.15 
±0.4 

±0.2 
±0.5 

±0.3 
±0.75 

±0.4 
±1.0 

±0.4 
±1.0 

±0.6 
±1.5 

±0.6 
±1.5 

±0,8 

±2 

±1 
±3 

±1 

±3 

±1 
±3 

±1.5 
±4 

±0.08 

±0.003 

5.66  mm. 

Metric 

±0.08 

±0.003 

4mm. 

Metric 

±0.05 
±0.002 

2.88-mm. 

Metric 

±0.05 

Customary 

±0.002 

2-mm. 

Metric 

±0.05 

Customary 

±0.002 

1.41-mm. 

Metric 

Customary 

±0.025 
±0.0010 

1-mm. 

Metric 

±0.020 

Customary 

0.85-mm. 

Metric 

±0.0008 
±0.015 

Customary 

0.71-mm. 

±0.0006 
±0.012 

Customary 

±0.0005 

0.59-mm. 

Metric 

±0.012 

Customary 

±0.0005 

0.5-mm. 

Metric 

±0.012 

Customary    

±0.0005 

0.42-mm. 

Metric 

±0.010 

Customary 

±0.0004 

0.36-mm. 

Metric 

±0.010 

Customary 

±0.0004 

0.29-mm. 

Metric 

±0.010 

Customary 

±0.0004 

0.25-mm. 

Metric 

±0.008 

Customary 

0.21-mm. 

Metric 

±0.0003 
±0.008 

Customary 

±0.0003 

0.17-mni. 

±0.008 

Customary 

±0.0003 

0.14-mm. 

Metric 

±0.008  . 

Customary 

±0.0003 

0.125-mm. 

Metric 

±0.008 

Customary 

±0.0003 
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Size  of  sieve. 


;  OpoDiiiff. 

Mesh. 

0.105 
0.0041 

59 
149.9 

0.088 
0.0035 

67 
170.2 

0.074 
0.0029 

79 

200.7 

0.062 
0.0024 

98 
348.9 

0.0:)2 
0.0021 

110 
279.4 

0.044 
0.0017 

127 
323 

Wire 
diameter. 


Ratio  of 

wire  diameter 

to  opening. 


TOIiEEANCES. 


Mesh.     Diameter. 


0.105-mm. 

Met  ric 

Customary. 
0.0S8-mm. 

Metric 

Customary. 
0.074-nim. 

Metric 

Customary. 
0.062-mm. 

Metric 

Customary. 
0.052-mm. 

Metric 

Customary. 
0.044-mm. 

Metric 

Customary.. 


0.064 
0.0025 


0.061 
0.0024 


0.053 
0.0021 


0.040 
0.0016 


0.039 
0.0015 


0.035 
0.0014 


0.61 
0.69 
0.72 
0.65 
0.72 
0.80 


±2 
±5 

±2.5 
±6 

±3 

±8 

±3.5 
±9 

±4 
±10 

±5 
±12 


3:^.008 
±0.0003 

±0.005 
±0.0002 

±0.005 
±a.0()02 

±0.005 
±0.0002 

±0.004 
±0.00015 

±0.004 
±0.00015 


have  occasion  to  use  all  the  sieves  in  a  certain  section  of  the  series 
and  none  of  the  others;  in  other  industries  it  may  be. desirable  to  use 
only  certain  sieves  selected  from  the  whole  ranpre  of  the  series.  In 
making  such  selections,  it  is  recommended  that  this  be  done  on  some 
systematic  plan  as,  for  example,  the  selection  of  every  other  sieve 
or  of  every  fourth  one  in  the  series  below  1  mm.  opening,  and  every 
other  sieve  above  2  mm.,  in  which  case  the  ratio  of  each  opening  to 
the  next  smaller  one  would  be  as  2  to  1. 

Because  of  the  wide  range  of  openings  in  sieves  now  manufactured 
which  are  possible  with  a  given  number  of  meshes  of  wire  per  unit 
of  length  by  the  use  of  wires  of  different  diameters,  and  the  con- 
sequent confusion  and  uncertainty  which  arises  in  designating  sieves 
by  the  number  of  meshes  per  unit  of  length,  the  sieves  of  this  series 
have  been  designated  by  the  width  of  the  opening,  in  millimeters,  as, 
for  example,  a  1.41-mm.  sieve,  or  a  0.3G-mm.  sieve.  It  is  urgently 
recommended  that  all  users  of  sieves  in  the  future  designate  these 
standard  sieves  in  this  way,  and  that  the  manufacturers  mark  and 
li.st  the  sieves  in  this  manner  rather  than  by  the  meshes  per  inch. 

In  the  designation  and  certification  of  the  sieves,  the  metric  units 
will  be  used  by  the  Bureau  of  Standards.  In  Table  1,  however,  are 
al.>o  given  the  equivalents  of  the.se  metric  quantities,  in  inches,  in 
order  that  the  series  may  be  more  readily  related  to  work  previously 
done.  It  is  immaterial,  of  course,  whether  units  of  the  metric  system, 
or  of  the  customary  system,  or  of  any  other  system,  are  used  in  the 
manufacture  of  the  sieves,  provided  they  are  within  the  tolerances. 

To  meet  the  need  for  sieves  of  the  series  at  the  present  time,  a 
temporary  provision  has  been  made  in  the  specifications  for  the  accept- 
ance of  sieves  of  slightly  different  mesh  and  wire  diameter  than  that 
called  for  in  the  screen  scale,  provided  the  resultant  opening  is  the 
same  as  the  nominal  opening,  within  a  small  range.     This  will  make 
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possible  the  use  of  a  number  of  sieves  now  on  the  market  in  which 
the  ratio  of  wire  diameter  to  opening  is  only  slightly  different  from 
that  of  the  screen  scale.  This  provision  will  be  withdrawn  when 
conditions  are  such  that  manufacturers  can  furnish  sieves  made  more 
exactly  in  accordance  with  the  specifications. 

The  Bureau  of  Standards  hereby  announces  that  it  will  test  sieves 
of  this  series  to  determine  whether  they  conform  to  the  specifications. 
This  test  will  consist  of  the  examination  of  the  mesh,  of  both  the 
warp  and  shoot  wires  of  the  cloth,  to  ascertain  whether  it  comes  within 
the  tolerances  allowed;  also  measurements  of  the  diameter  of  wires 
in  each  direction,  to  determine  the  average  diameter,  and  a  measure- 
ment of  any  large  openings  to  ascertain  whether  they  exceed  the  limits 
given  in  these  specifications;  also  an  examination  of  the  sieve  to 
discover  any  imperfections  which  may  affect  seriously  its  sieving  value. 
Sieves  which  pass  the  specifications  will  be  stamped  with  the  seal  of 
this  Bureau,  and  will  be  given  an  identification  number,  and  a 
certificate  will  be  furnished  for  each  sieve  that  passes  the  requirements. 

For  sieves  which  fail  to  meet  the  specifications,  reports  will  be 
rendered  sliowing  wherein  the  sieve  was  not  up  to  the  standard. 

A  fee  of  $2.00  per  sieve  will  be  charged  for  the  test  of  the  sieves 
when  submitted  singly.  For  from  2  to  9  sieves  submitted  at  one 
time  the  fee  will  be  $1.50  per  sieve.  For  lots  of  10  or  more  the  fee 
will  be  $1.00  per  sieve.  Only  half  of  the  above  fees  will  be  charged 
for  such  sieves  as  may  be  rejected  for  exceeding  the  tolerances  of 
mesh,  in  which  case  the  wire  diameter  will  not  be  measured. 

In  Table  1  there  is  given  in  the  first  column,  headed  "Openings", 
the  width  of  the  opening  (on  the  first  line  in  millimeters,  on  the 
second  line  in  inches),  for  each  sieve.  In  the  second  column,  headed 
"Mesh",  on  the  first  line  is  given  the  number  of  meshes  per  linear 
centimeter,  and  on  the  second  line  the  equivalent  number  of  meshes 
per  linear  inch.  In  the  third  column,  headed  "Wire  diameter",  is 
given  on  the  first  line  the  diameter  of  the  wire  in  millimeters,  and 
on  the  second  line  its  equivalent  in  inches.  In  the  fourth  column, 
headed  "Ratio  of  wire  diameter  to  opening",  is  given  the  ratio  of  the 
wire  diameter  to  the  width  of  the  opening  between  the  wires.  In 
the  fifth  and  sixth  columns,  headed  "Tolerances",  are  given  the  toler- 
ances for  these  sieves  mentioned  in  the  specifications.  These  toler- 
ances— for  testing  purposes — will  be  used  essentially  in  the  metric 
dimension,  but  on  the  second  line  in  each  case  is  given  their  equivalent 
in  inches,  in  order  that  they  may  be  compared  readily  with  tolerances 
in  previous  use.  The  tolerance  in  the  fifth  column  is  that  for  the 
meshes  per  centimeter  and  per  inch,  respectively,  and  in  the  sixth 
column  the  tolerances  for  wire  diameter,  in  millimeters  and  inches,  on 
the  first  and  second  lines,  respectively. 

In  Table  2  is  given  a  list  showing  the  dimensions  of  sieves  now 
on  the  market  which  would  most  nearly  meet  the  specifications  and 
tolerances  of  the  Standard  Screen  Scale.  The  headings  of  the  colimms 
of  this  table  are  self-explanatory.  Where  the  dimensions  of  more  than 
one  sieve  are  shown  for  a  given  sieve  of  the  screen  scale,  one  set 
of  dimensions  are  those  of  one  manufacturer,  and  the  other  those 
of  another.  In  some  cases  the  third  set,  if  one  is  given,  are  made 
by  two  or  more  manufacturers. 
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TABLE  2. — Sieves  Now  on  the  Market  Wiiicti  Would  Most  Nearly 
Meet  the  Tolerances  of  the  Standard  Screen  Scale. 


Size  of  sieve. 


Opening, 
in 

millimeters. 


8-mn;.... 
5.06-111111., 

4-iiiin 

•2..S.3  mm. 
2-nim  . . . . 

1.41 -mm. 
1-mm  . . . . 
0.85-mm. 
0.71-inm. 

0.59-mra. 
0.5-mm.. 
0.42-rani. 
O.S6-mm. 

0.29-mm. 
0.2.5-mni . 

0.21-mm . 

0.17-mm . 
0.14mm . 
0.125-mm 

0.105-mm 

0.088- mm 

0.0r4-mm 
O.Oti,'-mm 

0.052-mm 
O.C44-mm 


8.13 
8.05 

5.66 
5.61 

4.04 
4.06 

2.82 
2.82 

1.96 
2.0.3 
2.03 

1.40 
1.42 

1.01 
0.99 

0.85 
0.86 

0.73 
0.70 
0.74 

0.58 
0.60 

0.50 
0..50 

0.42 
0.42 

0.36 
0..35 
0.37 

0.28 

0.25 
0.26 
0.23 

0.19 
0.20 

0.17 

0.14 

0.117 
0.119 

0.104 
0.094 

0.089 
0.084 

0.074 

0.061 
0.058 

0.051 

0.041 
0.041 


Opening, 
in 

inches. 


0.S20 
0.817 

0.223 
0.221 

0.159 

0.160 

0.111 
0.111 

0.077 
0.080 
0.080 

0.055 
0.056 

0.0396 
0.0391 

0.0335 
0.0340 

0.0285 
0.0-275 
0.0290 

0.0230 
0.0235 

0.0198 
0.0196 

0.0166 
0.0164 

0.0140 

0.01.375 

0.01475 

0.0110 

0.0097 
0.0102 
0.0092 

0.0073 
0.0078 

O.OOt58 

0.0055 

0.0046 
0.0047 

0.0041 
0.0037 

0.00.35 
O.0033 

0.0029 

0.0024 
0.0023 

0.0020 

0.0016 
0.0016 


Meshes 
per 
ioch. 


2.5 
2.5 

3.5 
3.5 

5 

5 

7 
7 

10 
10 
10 

12 
12 

18 
18 

20 

30 

23 
22 
22 


30 

30 

35 
35 

40 
40 
40 

50 

60 
60 
60 

70 

70 

80 

100 

120 
120 

150 
150 

170 
170 

200 

250 
250 

280 

32.-) 
330 


Wire 

diameter,  in 

inches. 


0.080 
0.083 

0.063 
0.065 

0.041 
0.040 

0.0-32 
0.0315 

0.023 
0.020 
0.0305 

0.028 
0.027 

0.016 
0.0165 

0.0165 
0.016 

0.017 
0.018 
0.0165 

0.01.55 
0.015 

0.0135 
0.01375 

0.013 
0.01325 

0.011 

0.01125 

0.01025 


0.007 

0.0005 

0.0075 

0.007 
0.0065 

0.00575 

0.0045 

0.0037 
0.0036 

0.0036 
0.0030 

0.0034 
0.0026 

0.0021 

0.0016 
0.0017 


0.0015 
0.0014 


Wire 
diameter,  in 
millimeters. 


2.03 
2.11 

1.60 
1.65 

1.04 

1.02 

0.81 
0.80 

0.58 
0.51 
0.52 

0.71 
0.69 

0.41 
0.42 

0.42 
0.41 

0.43 
0.46 
0.42 

0.39 
0.38 

0.34 
0.35 

0.30 
0.31 

0.28 
0.29 
0.26 

0.23 

0.18 
0.17 
0.19 

0.18 
0.17 

0.15 

0.114 

0.094 
0.091 

0.066 
0.0(6 

0.061 
O.OCG 

0.053 

0.041 
0.043 

0.041 

0.03S 
0.036 
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In  Table  3  is  given  a  list  of  sieves  between  1  and  8-mm.  openings, 
which  would  be  interpolated  in  the  series  of  the  Standard  Screen 
Scale  if  the  fourth  root  of  2,  or  1.1892,  were  used  as  the  ratio  of 
successive  sieves  throughout  the  series.  Suitable  meshes  and  wire 
diameters  to  give  these  openings  are  also  given,  together  with  the 
tolerances  tinder  which  such  sieves  would  be  tested  if  iised.  These 
sieves  have  not  been  included  in  the  Standard  Screen  Scale,  as  it  is 
believed  to  be  unnecessary  to  have  so  many  sieves  in  this  part  of  the 
scale.  This  list  is  given  separately,  however,  in  case  any  organization, 
in  selecting  sieves  systematically  from  the  Standard  Screen  Scale, 
in  the  series  of  openings  less  than  1  mm.,  finds  it  desirable  to  use 
any  of  these  interpolated  sieves  about  1  mm.  in  carrying  out  their 
systematic  plan  of  selection  of  sieves.  In  case  any  organization  or 
firm  should  adopt  any  of  these  six  sieves,  under  such  circumstances, 
the  Bureau  of  Standards  will  test  and  certify  them  in  accordance 
with  the  dimensions  given  herewith. 

TABLE  3. — Additional  Sieves  Which  Would  be  Interpolated 
Between  the  8-mm.  Opening  and  the  1-mm.  Opening  of  the 
Standard  Screen  Scale  by  the  Use  op  the  Fourth  Root  of  2, 
OR  1.1892,  as  the  Ratio  of  the  Successive  Sieve  Openings. 


Size  of  sieve. 


6.72-mm. 

Metric 

Customary, 
4.76-mm. 

Metric 

Customary 
3.36-mm. 

Metric 

Customary 
2.38-mm. 

Metric 

Customary 
1.68-mm. 

Metric 

Customary 
1.19-mm. 

Metric 

Customary 


Opening. 

Mesh. 

6.72 
0.265 

1.2 
3.05 

4.76 

0.1^7 

1.6 
4.1 

3.36 
0.132 

2.4 
6.1 

2.38 
0.094 

3.15 

8.0 

1.68 
0.067 

4 

10.2 

1.19 

0.0468 

6 
15.2 

Wire 
diameter. 


1.61 
0.063 


1.49 
0.059 


0.81 
0.032 


0.79 
0.031 


0.83 
0.032 


0.48 
0.0189 


Ratio  of  wire 

.       TOLK 

diameter  to 

openmg. 

Mesh. 

0.24 

±0.01 
±0.03 

0.81 

±0.02 
±0.05 

0.24 

±0.02 
±•0.05 

0.33 

±0.04 
±0.1 

0.49 

±0.04 
±0.1 

0.40 

±0.1 
±0.2.T 

±0.08 
±0.003 


±0.05 
±  0.002 


±0.05 
±  0.002 


±0.05 
±0.002 


±  0.025 
±  0.0010 


±0.020 
±0.0008 


In  Table  4  is  given  an  extension  of  the  metric  series  beyond  the 
3-mm.  opening,  using  the  square  root  of  2,  or  1.4142,  as  the  ratio 
of  successive  openings.  A  suggested  diameter  of  wire  for  use  in 
making  such  sieves  is  also  given.  No  tolerances  for  these  sieves  are 
given,  however,  as  it  is  not  proposed  to  test  such  sieves  at  the  Bureau 
of  Standards,  since  the  user  of  the  sieves  could  ordinarily  make  such 
tests  as  are  necessary  with  sufficient  accuracy  with  such  means  as 
he  may  have  at  hand.  Such  sieves  would  generally  be  made  up  into 
sieves  of  larger  diameter  than  those  of  the  Standard  Screen  Scale, 
and  would  usually  be  made  of  iron  or  steel  wire. 
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TABLE  4. — Showino  the  Sieves  which  an  Extension  of  the  Standard 
Screen  Scale  from  an  8-mm.  Opening  to  a  12S-mm.  Opening 
WOULD  Comprise,  Using  the  Square  Root  of  2,  or  1.4142,  as  the 
Ratio  of  Successive  Openings. 


Size  of  sieve. 

Opening. 

Wire 
diameter. 

Size  of  sieve. 

Opening. 

Wire 
diameter. 

12K-mm. 

128 
5.04 

90.5 
3.56 

64.0 
2.52 

45.3 
1.78 

9.5 
0.375 

9.5 
0.375 

6.4 
0.25 

5.26 
0.207 

32-mm. 

Metric 

32.0 
1.2C 

23.6 
0.891 

16.0 
0.6.30 

11.3 
0.445 

4.85 

Customary 

90.5-mm. 
Metric 

Custoinarv 

22.0-mm. 

Metric 

0.192 
4.11 

Customary 

64  mm. 

Metric 

Customary 

16-mm. 

Metric 

Customary 

11.3-mm. 

Metric 

0.162 
3.05 

Customary 

45  3-mm. 

0.130 
2.67 

Customary 

Customary 

0.105 

In  the  specifications  the  diameter  or  other  dimensions  of  the 
sieve  frames  are  not  given,  with  the  idea  that  any  organization  or  firm, 
in  adopting  these  specifications,  will  decide  the  size  of  sieve  frame 
that  best  meets  its  needs.  For  purposes  of  uniformity  and  interchange- 
ability  of  sieves,  pans,  and  covers,  it  is  recommended  that  sieves  be 
purchased  in  diameters  of  either  20  cm.,  15  cm.,  or  10  cm.,  (7.87 
in.,  5.91  in.,  or  3.94  in.).  These  are  the  outside  diameters  of  the 
bottom  of  the  sieve  or  the  inside  diameter  of  the  top  of  the  sieve. 

Specifications  for  Sieves  of  the  Standard  Screen  Scale. 

Wire  cloth  for  standard  sieves  shall  be  woven  (not  twilled,  except 
that  the  cloth  of  0.062-mm.,  the  0.052-mm.,  and  the  0.044-mm.  sieve, 
may  be  twilled  until  further  notice)  from  brass,  bronze,  or  other 
suitable  wire,  and  mounted  on  the  frames  without  distortion.  To 
prevent  the  material  being  sieved  from  catching  in  the  joint  between 
the  cloth  and  the  frame,  the  joint  shall  be  smoothly  filled  with  solder, 
or  made  so  that  the  material  will  not  catch. 

The  number  of  wires  per  centimeter  of  the  cloth  of  any  given 
sieve  of  the  Standard  Screen  Scale  shall  be  that  shown  in  Table  1, 
in  the  second  column,  headed  "Mesh",  and  the  number  of  wires  in 
any  whole  centimeter  shall  not  differ  from  this  amount  by  more  than 
the  tolerance  given  in  the  fifth  column,  that  headed  "Mesh"  under 
the  heading  ''Tolerances."  No  opening  between  adjacent  parallel 
wires  shall  be  greater  than  the  nominal  width  of  opening  for  that 
sieve  by  more  than  the  following  amounts: 

10%  of  the  nominal  width  of  opening  for  the  8-mm.  to  1-nira. 
sieves,  inclusive. 

25%  of  the  nominal  width  of  opening  for  the  0.85-mm.  to  the 
0.29-mm.  sieves,  inclusive. 

40%  of  the  nominal  width  of  opening  for  the  0.25-mm.  to  the 
0.125-mm.  sieves,  inclusive. 
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60%  of  the  nominal  width  of  opening  for  the  0.105-nim.  to  the 
0.044-inm.  sieves,  inclusive. 

The  diameters  of  the  wires  of  the  cloth  of  any  given  sieve  shall 
be  that  shown  in  the  third  column  of  Table  1,  headed  "Wire  diameter" ; 
and  the  average  diameter  of  the  wires  in  either  direction  shall  not 
differ  from  the  specified  diameter  by  more  than  the  tolerance  given 
in  the  last  column  of  Table  1,  that  under  "Tolerances"  headed 
"Diameter." 

The  Bureau  of  Standards  also  reserves  the  right  to  reject  sieves 
for  obvious  imperfections  in  the  sieve  cloth  or  its  mounting,  as,  for 
example,  punctured,  loose,  or  w^avy  cloth,  imperfections  in  soldering, 
etc. 

Until  further  notice,  to  permit  the  use  of  sieves  now  on  the  market 
which  have  slightly  different  mesh  and  wire  diameters  from  those 
specified  herein,  sieves  will  be  certified  as  satisfactory  if  the  measure- 
ments of  mesh  and  wire  diameters  show  the  resulting  average  width 
of  opening  to  be  within  4%  of  the  nominal  opening  of  a  given  sieve, 
and  the  ratio  of  wire  diameter  to  opening  of  the  sieve  in  question  is 
within  0.03  of  that  given  in  Table  1  in  the  column  headed  "Ratio  of 
Wire  Diameter  to  Opening"  for  the  8-mm.  to  the  2-mm.  sieves,  in- 
clusive, and  within  0.06  of  the  ratio  given  for  sieves  of  smaller  openings 
than  2  mm. 
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A  METHOD  OF  DETERMINING 

A  REASONABLE  SERVICE  RATE 

FOK  MUNICIPALLY  OW^NED  PUBLIC  UTILITIES 

Discussion.* 


By  J.  B.  LippiNCOTT,  M.  Am.  Soc.  C.  E.f 


J.  B.  L1PPINCOTT4  M.  Am.  Soc.  C.  E.  (by  letter ).§— Almost  with-        Mr. 
out  exception,  the  di-scussioii  brought  forth  by  this  paper  agrees  with  Lippincott. 
the  writer   in   that   the   service  charges   for   a   publicly  owned  public 
utility  should  be  fixed  on  the  same  basis  as  those  of  a  privately  owned 
utility  which  is  subject  to  rate  regulation. 

Air.  Harris  has  indicated  the  basic  element  when  he  says: 

"It  is  only  as  a  result  of  such  an  equitable  attitude  that  private 
capital  may  be  expected  to  'pioneer'  in  those  fields  into  which  the 
public  is  not  for  the  time  desirous  of  entering." 

It  is  not  only  that  the  present  investment  of  private  capital  in 
public  utilities  should  be  protected,  but  that  the  policies  adopted  be 
such  that  the  further  investment  in  utility  enterprises  in  undeveloped 
communities  be  fostered  and  encouraged  by  the  assurance  that  these 
investments  have  the  sanction  and  protection  of  legislative  bodies. 
Mr.  Yereance  has  also  called  attention  to  this  point.  Mr.  Yereance  and 
Mr.  Thomson  have  discussed  to  some  extent  the  relative  merits  and 
efficiencies  of  municipally  operated  utilities  as  against  those  privately 
operated,  from  which  conclusions  are  drawn  that  it  is  difficult  to  obtain 
in  municipally  operated  plants  competent  executives.  It  is  generally 
not  possible  to  pay  salaries  adequate  to  obtain  the  services  of  such  men, 
and  the  executives  are  so  hampered  and  tied  with  the  red  tape  of 

•  Discussion   of   the   paper  by   J.    B.   Lippincott,    M.   Am.    Soc.    C.    E.,    continued 
from   January,   1917,   Proceedhifis. 
t  Author's   closure. 
t  Los  Angeles,  Cal. 
§  Received  by  the  Secretary,  June  4th,  1917. 
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iiaunicipal  and  political  organizations  that  effective  results  are  not 
generally  obtained.  Because  of  unreasonable  abuse  it  is  not  a  suffi- 
cient honor  to  hold  a  municipal  office.  Although  this  may  be  the  gen- 
eral rule,  yet  some  notable  exceptions  have  come  under  the  writer's 
observation.  The  Water  Department  of  Los  Angeles  is  most  efficiently 
organized  and  operated.  Santa  Barbara  and  Long  Beach,  Cal.,  both 
own  and  operate  their  water-works.  The  management  is  efficient,  and 
the  earnings  of  the  departments  show  a  substantial  profit. 

Mr.  Jordan's  discussion  is  more  fanciful  than  consistent.  The 
relative  merits  of  private  or  municipal  ownership  of  public  utilities  is 
not  at  issue.  The  effort  has  been  made  in  the  paper  to  apportion  the 
expense  of  a  publicly  owned  utility  so  that  each  member  of  the  com- 
munity will  carry  his  proportion  and  that  private  enterprise  may  not 
be  discouraged.  The  segregation  of  the  expenses  is  largely  a  matter 
of  judgment. 

Mr.  Clark  suggests  that  the  consumers  should  pay  through  their 
rates  only  for  the  maintenance  and  operation  of  the  system  and  the 
interest  on  the  bonds,  the  depreciation  being  derived  from  the  general 
tax  levy.     Relative  to  the  redemption  of  bonds,  Mr.  Clark  also  states: 

"If  the  city  makes  a  7%  interest  charge,  as  would  be  granted  to  a 
privately  owned  utility,  any  profit  resulting  under  the  bond  rate  of 
interest  could  be  laid  aside  to  redeem  the  bonds.  If  the  bond  rate  of 
interest  is  5%,  the  differential  of  2%  compounded  annually  at  4% 
will  approximately  retire  the  bonds  in  30  years." 

In  the  writer's  classification  of  expense  accoimts,  the  effort  has  been 
made  to  create  a  service  rate  which  would  be  in  harmony  with  that  for 
a  privately  owned  utility.  Under  Mr.  Clark's  segregation  of  expenses, 
the  service  rates  would  be  below  those  which  could  be  profitably  charged 
by  a  private  corporation.  Rates  for  privately  owned  utilities  are  fixed 
with  a  view  of  yielding  the  owner  a  fair  profit  on  his  investment.  If 
this  is  done  with  a  municipally  owned  plant  the  "fair  profit"  could 
be  turned  over  to  the  general  tax  fund  of  the  city.  If  the  bond  redemp- 
tion fund  is  paid  from  the  general  tax  levy  and  the  profits  accruing 
from  the  operation  of  the  system  are  paid  into  the  general  treasury 
of  the  city,  it  appears  to  the  writer  that  the  same  end  is  achieved 
whether  the  bond  redemption  fund  is  carried  by  the  utility  department 
itself  or  by  the  city  at  large. 

There  is  a  surprising  tendency  constantly  to  put  more  burden  on 
the  property  owner  and  less  on  the  thriftless  individual,  whether  that 
ownership  be  of  realty  or  of  a  utility.  The  result  tends  to  discourage 
investment  in  enterprise  and  to  encourage  indolence.  Mr.  Irving  and 
Mr.  Clark  both  consider  that  the  owner  of  vacant  property  should  be 
exempt  from  any  special  tax  due  to  the  utility  other  than  that  imposed 
on  the  city  at  large.     It  is  the  writer's  contention  that  the  benefits 


Papers.]   ])ISCUSS10N:  MUNICIPALLY  OWNED  PUBLIC  UTILITIES         1351 

derived  by  the  owner  of  vacant  lots,  because  of  the  fact  that  the  Mr. 
service  of  the  utility  is  immediately  available,  is  out  of  proportion  to  ^'PP'^cott. 
the  charges  on  the  property  through  taxes,  and  that,  in  addition  to 
these  charges,  the  owner  should  pay  a  special  tax,  probably  on  a  front- 
foot  basis.  These  fees  should  be  considered  as  an  addition  to  surplus, 
and  could  be  turned  into  the  general  fund  of  the  city.  They  have  no 
counterpart  in  a  privately  owned  utility,  and  would  operate  to  the 
benefit  of  the  community  at  large.  Mr.  Clark  states:  "It  should  not 
be  the  aim  of  a  city  to  make  its  water  consumers  pay  more  than  the 
cost  of  the  service,"  It  appears  to  the  writer  that  a  municipally  owned 
utility  should  be  viewed  as  a  community  investment  and  should  be 
operated  at  a  profit  in  the  same  way  as  a  corporation  is  operated  for 
the  profit  of  its  stockholders.  The  property  owners  are  in  effect  stock- 
holders in  the  municipal  plant.  Mr.  Clark's  contention  concerning  the 
depreciation  of  pipe  lines  in  front  of  vacant  property  is  true.  Rate 
regulating  bodies  in  California  have  adopted  a  practice  of  reducing 
the  capital  and  depreciation  accounts  of  private  utilities  where  they 
appear  to  be  overbuilt.  Some  such  system  might  be  adopted  here  to 
relieve  the  consumers  from  the  depreciation  charges  for  mains  paral- 
leling vacant  property,  and  these  charges  might  be  made  up  from  the 
proposed  special  tax  on  vacant  lots. 

Mr.  Whitney's  segregation  of  expenses  is  extremely  interesting,  and 
appears  to  the  writer  to  be  entirely  logical!  However,  in  the  case  of 
the  competing  private  enterprise,  it  is  doubtful  if  municipal  legislative 
authorities  would  consent,  possibly  for  political  reasons,  to  the  inclusion 
in  the  annual  tax  budget  of  an  assessment  to  cover  interest  on  the 
value  of  a  privately  owned  plant. 

Although  it  is  not  proposed  to  review  the  procedure  of  rate  reg- 
ulating commissions  for  private  utilities,  the  writer  might  add,  to  what 
Mr.  Hazen  has  said,  that  these  commissions  would  increase  their  eco- 
nomic value  to  the  community  if  they  evolved  a  plan  under  which  a 
premium  was  placed  on  efficient  management  of  the  utilities  coming 
under  their  jurisdiction. 

In  closing,  the  writer  wishes  to  express  his  appreciation  of  the  dis- 
cussion called  out  by  the  paper.  He  feels  that  the  public  welfare  would 
be  better  served  if  policies  were  adopted  by  those  in  authority  in  legis- 
lative positions  which  would  encourage  and  foster  the  further  invest- 
ment of  private  capital,  particularly  in  those  States  which  are  in  a 
formative  or  developing  process.  It  should  be  kept  well  in  mind  that 
legislation  or  Court  decree  cannot  compel  the  independent  investor 
who  is  seeking  new  enterprises  to  enter  fields  where  others  already 
operating  on  such  lines  are  losing  money  due  to  unfair  competition. 
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THE  VALUATION  OF  J.AND 

Discussion.* 


By  Messrs.  Fraxklix  F.  Mayo  and  L.  P.  Jerrard.I 


Fraxklix  F.  1[ayo4  Fsq. — The  value  of  land  is  not  constant,  but  Mr. 
is  always  moving  up  or  down  in  the  scale,  with  a  period  of  stationary  ^*^'"- 
value,  the  time  element  of  these  three  phases  being  uncertain,  owing 
to  changes  in  the  factors  producing  the  value.  Also,  certain  locations 
and  districts  possess  a  premium  value  over  the  income  value,  at 
certain  periods.  The  speaker  contends  that  this  premium  value  is 
uncertain,  and  should  be  considered  in  all  taxing  valuations,  as  a 
property  in  a  district  where  values  are  declining  should  be  taxed 
(that  is,  valued)  at  a  price  based  on  the  income  obtainable  on  a  lease 
made  at  that  time,  and  not  on  a  basis  of  sale  during  the  premium 
period. 

To  do  this  would  require  a  keen  sense  of  the  human  element  factor, 
and  no  method  of  valuation  w'ould  be  satisfactory  unless  made  by 
men  especially  qualified   in   placing  values. 

L.  P.  .Tf.i:kard,§  Jux.  Am.  Soc.  C.  E.  (by  letter). || — The  discussion  Mr. 
of  this  paper  has  brought  out  several  points  which  may  be  cleared 
up  by  fui'ther  explanation.  The  writer's  loose  application  of  economic 
terms  has  evidently  obscured  his  argument  in  several  instances.  'Mr. 
King  and  Mr.  Kelly  both  take  exception  to  the  statement:  "The  true 
value  of  land  is  the  ground  rent  capitalized."     Inasmuch  as  land  has 

•  Discussion    of    the    paper    by    L.    P.    .Jerrard,    Jun.    Am.    Soc.    C.    E.,    continued 
from  March,  1917,  Proceedings. 
t  Author's  closure. 
t  Newark,  N.  J. 
§  Chicago,    111. 
II  Received  by  the  Secretary,   May  4tli.    1917. 


1254  DISCUSSION  ON  VALUATION  OF  LAND  [Papers. 

Mr.  value  because  it  is  a  source  of  ground  rent,  it  would  seem  that  the 
market  value  should  bear  some  definite  relation  to  the  amount  of  ground 
rent.  Such  is  not  the  case,  in  view  of  the  fact  that  the  groimd  rent 
is  subject  to  fluctuation,  and  market  values  discount  the  prospective 
changes  in  the  amount  of  ground  rent.  The  intention  was  to  bring 
out  the  distinction  between  market  value  and  a  value  based  entirely 
on  ground  rent  capitalized,  which  was  inaccurately  designated  by 
the  term  "true  value".  The  statement,  "The  basis  of  business  values 
is  strictly  economic,  *  *  *  but  the  basis  of  residence  values  has 
a  social  element,"  is  also  challenged  by  Mr.  King,  who  states  that 
the  demand  of  wealthy  people  for  pleasant  residence  sites  is  as  strictly 
economic  as  the  demands  of  any  business  utility  for  land.  The  social 
element  referred  to  by  the  writer  manifests  itself  in  the  demand  of 
people  of  lesser  wealth  to  live  as  near  as  possible  to  the  wealthiest  class. 
Of  two  residence  sites,  all  other  factors  (such  as  schools  and  trans- 
portation facilities)  being  equal,  the  one  nearest  the  best  residence 
section  of  the  community  is  ordinarily  preferred.  It  would  seem  as 
though  this  tendency  is  more  sentimental  than  economic,  but,  in 
either  case,  it  was  the  distinction  between  business  and  residence 
values  which  was  intended  to  be  made. 

Mr.  Kelly  has  brought  up  several  points  to  which  the  writer  must 
take  exception.  To  the  deductions  to  be  made  from  gross  rentals  in 
computing  groimd  rent  Mr.  Kelly  would  add,  "A  sinking  fund  charge 
sufficient,  when  put  out  at  interest,  to  cover  the  cost  of  the  building 
in  a  given  number  of  years."  This  charge  is  covered  by  the  item 
"annual  depreciation"  which  was  included  in  the  list  of  deductions. 
'^Advantages  of  location  govern  the  values  entirely."  By  "values",  as 
used  in  this  statement,  is  meant  values  in  general,  or  unit  values, 
which  would  eliminate  the  factors  of  shape  and  size  suggested  by 
Mr.  Kelly.  He  also  suggests  as  a  factor  governing  values,  "utility", 
but  does  not  utility  depend  entirely  on  location?  Land  has  greater 
value  when  utilized  for  business  purposes  than  for  residence  property; 
but  it  cannot  be  used  for  business  purposes  imless  it  is  in  the  business 
section  of  a  community,  and  even  then  its  value  depends  on  its  par- 
ticular location  within  the  business  section. 

Mr.  Kelly  understands  the  writer  to  say  that  the  greatest  number 
of  people  pass  through  the  heart  of  the  city.  Possibly  he  has  in  mind 
the  statement,  "retail  stores  gather  at  the  heart  of  the  city"  where 
the  largest  number  of  prospective  customers  will  pass.  It  is  frequently 
true,  as  Mr.  Kelly  states,  that  the  greatest  number  of  people  pass  some 
railroad  terminal  or  ferry  landing,  but  they  are  hurrying  to  and  from 
their  work  and  are  not  "prospective  customers."  It  may  be  interesting 
to  note  that  such  corporations  as  the  United  Cigar  Stores  Company, 
and  F.  W.  Woolworth  Company,  before  locating  one  of  their  stores, 
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make  a  careful  investigation,  not  only  of  the  number  of  people  passing  Mr. 
a  prospective  location,  but  of  their  wants,  buying  power,  and  inclination  ''^"^^'^■ 
to  buy  at  that  point.  It  is  possible  that  a  cigar  store  would  flourish 
at  a  terminal  ^\here  no  one  would  find  time  to  patronize  a  five  and 
ten-cent  store.  A  traffic  count  might  show  a  great  number  of  people 
passing  a  certain  corner,  but,  if  they  were  mostly  factory  girls  and 
women,  it  would  not  augur  well  for  a  cigar  business. 

"The  retail  section  moves  in  the  direction  of  the  best  residence 
section."  It  is  true,  as  Mr.  Kelly  suggests,  that  local  conditions  some- 
times alter  or  retard  this  tendency,  but  the  tendency  persists  never- 
theless. The  writer  noted  an  interesting  situation  recently  in  Water- 
town,  S.  Dak.  The  sketch.  Fig.  8,  is  from  memory  only  and  not  accu- 
rate, but  illustrates  the  situation  approximately.    The  business  section  is 
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Fig.   8. 


separated  from  the  best  residence  section  by  a  zone  of  public  buildings, 
churches,  and  other  permanent  institutions,  which  must  form  a  sub- 
stantial barrier  to  the  extension  of  the  business  section  in  that  direc- 
tion. To  the  west  and  north,  where  there  is  room  for  the  expansion 
of  the  business  section,  there  is  nothing  more  attractive  to  business 
than  railroad  yards  and  river  bottoms.  The  tendency  of  retail  business 
to  reach  out  toward  the  best  residence  section  seems  to  be  illustrated 
by  the  location  of  a  large  department  store,  the  best  in  the  city,  on 
tlie  edge  of  the  business  section,  but  on  this  side  most  convenient  to 
the  best  residence  district. 


1256  DISCUSSION  ox  valuation  of  land  [Papers. 

Mr.  Mr.  Walker  speaks  of  the  Somers  system  of  assessing  cities,  with 


Jerrard. 


the  aid  of  community  opinion.  In  fixing  the  point  of  greatest  vakie 
at  100%,  and  determining  the  value  of  all  surrounding  frontage 
in  percentages  thereof,  as  explained  by  him,  it  would  seem  that  all 
errors  which  may  be  introduced  are  cumulative.  If  an  incorrect 
relative  value  is  established  for  any  block,  the  error  is  reflected  in 
a  series  of  blocks  the  values  of  which  are  relative  to  the  one  in  error. 
The  writer  has  seen  evidence  of  the  partial  failure  of  the  Somers 
system  in  this  respect,  and  has  also  noted  that,  in  the  public  meetings 
and  discussions,  the  principal  efforts  are  made  by  those  land  owners 
wlio  are  most  directly  interested,  and  that  the  conclusions  are  likely 
to  be  biased  in  their  favor. 

Mr.  Rankin  has  introduced  some  interesting  and  pertinent  data 
with  regard  to  the  value  of  the  best  business  land  in  cities.  With 
respect  to  the  discrepancy  between  the  points  plotted  by  Mr.  Rankin 
and  the  curves  advanced  by  the  writer  (Fig.  2),  the  following  influences 
are  suggested  as  regards  Mr.  Rankin's  data : 

1. — Population  of  cities  does  not  include  tributary  suburbs  (men- 
tioned by  Mr.  Rankin)  ; 

2. — Undue  optimism  which  frequently  prevails  among  real  estate 
dealers  regarding  land  values ; 

3. — Difficulty  of  determining,  in  the  business  districts  of  a  city, 
values  which  are  free  from  corner  influences. 

All  these  factors  would  tend  to  throw  the  points  plotted  by  Mr. 
Rankin  away  from  the  curves.  Part  of  the  data  on  which  these  curves 
were  based,  are  here  submitted,  and  also  shown  in  Fig.  9.  Mr.  Alfred 
D.  Bernard,  in  "Some  Principles  and  Problems  of  Real  Estate  Valua- 
tion", states  as  follows : 

"In  a  normal  city  for  populations  above  50  000  the  value  of  the  best 
retail  business  property  is  one  cent  per  front  foot  per  person. 

Best  Land 
"City.  Population.  per  Front  Foot. 

Boston   1  500  000  $15  000.00 

Philadelphia     1  500  000  15  000.00 

Baltimore    650  000  6  000.00 

"Baltimore  has  a  large  negro  and  low  wage  earning  population  and 
values  are  below  normal.  Cleveland,  Louisville  and  Minneapolis  will 
prove  the  rule." 

Mr.  Richard  M.  Hurd*  has  given  the  figures  reproduced  in  Table  9. 

From  miscellaneous  sources,  including  some  of  the  writer's  own 
determinations,  city  assessments  by  the  Somers  method,  and  opinions 
of  real  estate  dealers,  the  data  in  Table  10  have  been  collected. 

*  In  "Principles  of  City  Land  Values." 
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Mr. 
Jerruril. 


City. 


Washington.. . 

Louisville 

Minneapolis. . . 
Indianapolis.. . 
Kansas  City... 

St.  Paul 

Oeuver 

Toledo 

Memphis 

Portland,  Ore. 

Atlanta 

Kichmond 

Seattle 

Des  Moines. . . . 
Salt  Lake  City 

nuluth 

Spokane 


Population. 


270  000 
205  000 
208  000 
IfiO  000 
104  000 

103  000 
184  IK)0 
133  000 
102  (100 
90  000 

90  000 
85  000 
81  000 
62  000 
54  000 

53  000 
87  000 


25  000 

$300  to   $400 

50  000 

600  to  1  000 

100  000 

1  200  to  2  000 

150  000 

1  500  to  2  500 

200  000 

1  800  to  3  000 

300  000 

2  500  to  4  500 

600  000 

4  000  to  7  000 

1  000  000 

7  000  to  10  000 

Best  business  per 
front  foot. 


85  000 

1  700 

2  500 
2  500 
2  500 

1  HOO 

1  800 

2  000 
2  000 

1  600 

2  000 

1  800 

2  000 
1  500 
1  400 

1  000 
800 


TABLE  10. 


City. 


Boston,  Mass 

Cleveland.  Ohio. .. 
Milwaukee,  Wis... 
Indianapolis.  Ind.. 
Des  Moines,  Iowa. 

St.  Paul.  Minn 

Minneapolis.  Minn 

Superior,  Wis 

Racine,  Wis 

Madison.  Wis 


Population. 


1  000  000 

580  000 

420  000 

250  000 

94  000 

230  000 

325  000 

45  000 

40  000 

30  000 


Value  of  best  business 
per  front  foot. 


$15  000 

5  500 

6  000 
3  000 

2  000 

3  500 
3  500 

700 

600 

2  000 


In  Mr.  Thomson's  opinion,  this  paper  suggests  in  too  strong  a 
nuinner  that  the  engineer  is  a  better  authority  on  real  estate  than 
the  real  estate  man.  There  is  no  implication  that  the  engineer  has 
any  phice  in  the  general  field  of  the  real  estate  business,  which  includes 
platting,  buying,  selling,  renting,  and  managing  property,  and  the 
que.^tion  i)ertains  only  to  making  land  valuations.  In  valuation,  it 
is  felt  that  some  of  the  work  of  real  estate  men  is  inaccurate,  and  that, 
in  many  cases,  some  effort  should  be  made  to  check  the  appraisals 
.'submitted  by  them.     This  is  especially  the  case  in  smaller  cities.     As 
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Mr.  an  indication  that  many  valuations  made  by  real  estate  men  are  in 
■  error,  the  writer  may  cite  the  frequent  instances  of  wide  variations 
in  tlie  valuation  of  the  same  property  by  different  appraisers.  The 
writer  has  had  some  experience,  in  cities  of  less  than  50  000  population, 
in  obtaining  two  valuations  of  the  same  property  from  the  same  man 
at  intervals  of  several  weeks  or  months.  It  is  not  uncommon  to  find 
considerable  variation  in  the  results  in  such  cases.  If  a  deliberate 
attempt  is  made  to  confuse  the  real  estate  man  by  argument,  or  by 
introducing  units  of  value  with  which  he  is  unfamiliar,  a  very  wide 
variation  in  results  may  be  obtained  under  the  same  circumstances. 
In  all  these  cases,  an  effort  was  made  to  obtain  the  services  of  the  best 
informed  man  in  the  community. 
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Fig.  9. 


Some  organizations,  which  require  land  valuations  to  be  made  in 
different  cities,  proceed  in  the  following  manner:  A  complete  record 
of  real  estate  sales  is  obtained  from  abstractors  and  from  public  records. 
The  services  of  a  local  real  estate  man  are  obtained,  and  he  states  what 
unit  of  value  is  most  familiar  to  him,  such  as  the  lot,  square  foot,  or 
front  foot.  The  sales  data  are  then  reduced  to  the  same  unit  and 
plotted  on  a  map,  together  with  information  collected  as  to  the  extent 
of  improvements  on  properties  sold,  assessment  records,  etc.  The 
map  is  then  turned  over  to  the  expert,  who  studies  the  situation  and 
makes  the  valuation  of  the  land  in  question.  Satisfactory  results  are 
obtained  in  this  manner.  The  experience  of  such  organizations  has 
been  that,  if  the  data  are  not  provided  for  the  expert,  he  will  not  obtain 
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all  of  tlioin.  nor  will  he  reduce  them  to  the  form  in  which  they  are  most  Mr. 
applicable  to  the  problem.  If  the  information  is  expressed  in  units  with  ■'^■'■'■*''*^- 
which  he  is  unfamiliar,  he  cannot  readily  understand  it  or  convert  it  to 
another  unit.  It  is  not  unlikely,  in  cases  such  as  these,  that  the  man 
who  collects  and  prepares  the  data  becomes  as  familiar  with  the 
values  involved  as  the  local  expert,  but,  in  a  contest,  the  local  expert 
is  the  only  one  who  can  qualify  as  a  witness. 

A  true  real  estate  expert  is  a  man  who  has  had  experience  in  land 
values,  good  judgment  of  actual  conditions,  foresight  into  tendencies, 
freedom  from  prejudice,  and  natural  honesty.  The  field  is  one  for 
a  specialist,  but  it  has  not  been  developed  outside  of  the  largest  cities. 
The  average  real  estate  dealer  is  not  a  trained  man.  He  does  not 
systematically  collect  and  classify  data  with  regard  to  values.  He 
is  not  familiar  with  the  different  units  of  value,  or  with  the  graphical 
representation  of  data  on  the  maps.  He  is  hampered  most  of  all  by 
the  fact  that  he  is  a  trader  in  real  estate,  and  must  be  a  "booster",  in 
order  to"  make  his  living.  Aside  from  books  by  the  representatives 
of  several  large  mortgage  and  bond  companies,  and  the  work  of  certain 
men  engaged  in  taxation  problems,  the  literature  on  the  subject  of 
land  valuation  is  meager.  In  the  writings  of  real  estate  dealers,  terms 
such  as  "plottage",  are  rarely  defined,  and  are  used  in  a  contradictory 
manner  by  different  authors.  Under  the  circumstances,  the  writer 
feels  that  the  engineer  in  charge  of  a  valuation  may  sometimes  find 
occasion  to  investigate  with  his  own  staif  the  item  of  land,  without 
encroaching  on  a  field  adequately  covered  by  men  of  another  profession. 
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COXSTKUCTION  METHODS 
FOK  K()ni:KS  PASS  TUNNEL 

Discussion.* 


By  Messrs.  J.  G.  Sullivan  and  A.  C.  Dennis. f 


J.  G.  "Sullivan,:}:  M.  Am.  Soc.  C.  E.  (by  letter )•§— The  object  of  Mr. 
this  discussion  is  to  correct  some  erroneous  accounts  and  misstate- 
ments which  have  developed  in  previous  discussions.  The  most  flagrant 
of  the  latter  was  the  statement,  by  Mr.  S.  A.  Knowles,||  that  the  credit 
for  the  quick  work  done  at  Rogers  Pass  Tunnel  was  due  to  Mr.  Mcllwee, 
who  was  the  original  contractor  and  was  responsible  for  the  methods 
and  organization.  This  is  very  far  from  the  truth.  The  facts  of 
the  case  are  as  follows: 

During  January,  February,  and  March,  1913,  while  the  engineers 
were  working  on  plans  for  the  building  of  this  tunnel,  the  writer  had 
two  or  three  conferences  with  Mr.  Dennis,  whose  office  at  that  time 
was  in  Winnipeg,  and,  on  March  13th,  1913,  he  reported  his  ideas  on 
the  subject  to  the  management  of  the  Company  in  the  following  terms : 

'■Referring  to  the  progress  that  we  hope  to  make  in  driving  of 
Rogers  Pass  Ttmnel.  I  advised  you  in  my  report  of  October  22d 
regarding  the  relative  speeds  of  driving  tunnels  on  the  American  con- 
tinent compared  with  those  that  have  been  driven  through  the  Alps. 
I  have  given  the  matter  considerable  study  since,  and  have  come  to 
the  conclusion  that  the  European  method  of  driving  a  small  lower  head- 
ing and  stoping  out  the  remainder  of  the  tunnel  would  be  too  expensive 
on  this  side,  on  account  of  the  difference  in  the  cost  of  labor. 

♦  Discussion  of  the  paper  by  A.   C.  Dennis,  M.  Am.   Soc.  C.  E.,  continued  from 
May,   1917,  Proceedinr/s. 
■!"  Author's  closure. 
t  Winnipeg,   Man.,   Canada. 
§  Received  by  the  Secretary,  May  14th,  1917. 
11  Proceedings,  Am.  Soc.  C.  E.,  April,  1917,  p.  615. 
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Mr.  "I  have  been  thinking  out  and  studying  methods  that  would  tend 

Suihvan.  ^^  expedite  this  work.  I  first  thought  of  driving  a  heading  in  the 
center  of  the  tunnel,  about  9  ft.  by  12  ft.,  and  keeping  this  heading 
close  to  the  bench,  carrying  tlie  air  pipes  over  the  muck  in  front  of  the 
steam  shovel  and  into  the  heading.  I  still  believe  that  this  method 
in  rock  that  will  stand,  is  better  than  an  upper  heading.  Mr.  A.  C. 
Dennis,  however,  suggested  driving  a  pioneer  tunnel  and  taking  out 
an  upper  heading  through  shafts  into  this  tunnel,  taking  out  the  rest 
of  the  bench  with  steam  shovels.  I  pointed  out  to  him  that  this  was 
impracticable  for  the  reason  that  from  an  upper  heading  you  cannot 
drill  to  the  bottom  of  the  tunnel,  and  therefore  would  have  to  clean 
up  all  the  muck  in  the  bench  before  you  could  put  in  a  round  of  breast 
holes  to  break  more  rock.  I  have  now  made  plans  showing  a  combination 
of  my  ideas  and  Mr.  Dennis',  which  I  think  is  well  worth  studying. 
The  plan  is  to  drive  a  small  working  pioneer  tunnel,  8  ft.  by  8  ft. 
underneath  the  main  tunnel.  I  am  sending  you  this  for  your  informa- 
tion and,  further,  if  this  method  should  be  adopted,  that  Mr.  A.  C. 
Dennis  may  have  the  proper  credit  for  first  suggesting  a  pioneer 
tunnel." 

This  was  about  a  year  before  the  writer  ever  saw  or  ever  heard  of 
Mr.  Mcllwee.  So  much  for  the  methods  adopted  in  the  construction 
of  this  tunnel. 

As  to  the  statement  that  Mr.  Mcllwee  was  the  original  contractor: 
Mr.  Mcllwee  never  had  any  contract  with  the  Canadian  Pacific  Eail- 
way  Company  in  connection  with  this  work.  In  the  fall  of  1913,  the 
general  contractors  sub-let  a  portion  of  the  work  of  driving  the  pioneer 
headings  and  the  center  heading  to  Mr.  Mcllwee.  There  immediately 
appeared,  in  some  Denver  papers,  a  notice  to  the  effect  that  Mr.  Mcllwee 
had  a  contract  for  a  5-mile  tunnel  in  Canada.  The  following  is  a 
quotation  from  the  writer's  report  to  the  Management  as  to  what  was 
meant  by  these  notices: 

"The  understanding  was  that  he  would  bring  men  from  Colorado 
and  drive  the  outside  pioneer  tunnel  at  so  much  per  foot  at  a  certain 
rate  of  speed.  The  contractors  were  to  pay  him  a  bonus  on  any  excess 
over  this  specified  rate  of  speed.  Contractors  to  furnish  the  cars,  air, 
steel,  and  all  other  plant,  as  I  wired  you  before,  the  result  being  that 
these  men  were  working  at  piece  work.  If  they  do  not  make  the  speed 
guaranteed,  they  can  be  put  olf  the  work  and  nobody  will  suffer,  as  the 
entire  plant  is  owned  and  controlled  by  the  contractor.  A  man  with- 
out one  cent  but  brains,  can  enter  into  an  agreement  of  this  kind,  while 
it  takes  capital  to  enter  into  a  contract  to  build  a  five-mile  tunnel." 

In  other  words,  Mr.  Mcllwee,  on  this  particular  work,  might  be 
ranked  with  the  grade  of  contractors  known  as  stationmen  on  railway 
construction  work. 

In  reference  to  the  discussion  by  Mr.  E.  Lauchli:  Mr.  Lauchli,  in 
attacking  this  method  of  doing  work,  quotes  the  writer  as  authority  for 
prices  bid,  without  giving  the  full  quotation,  and  leaving  an  incorrect 
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impression.    In  the  article,  from  which  the  writer  thinks  the  quotation      Mr. 
was  talien,*  the  full  paragraph  reads  as  follows:  "   ^*"' 

"I  may  add  further  that,  in  reply  to  my  invitation  of  April  8.  1913, 
till'  contractors  who  are  doing  the  work,  having  in  mind  the  method 
which  was  later  adopted  and  which  was  suggested  by  myself  and  one  of 
their  Engineers,  bid  $0.10  per  cu.  yd.,  with  a  time  limit  of  42  months 
from  date  of  signing  contract.  Other  responsible  and  supposedly 
expert  tunnel  contractors  bid  from  $8  to  $11.25  per  cu.  yd.,  with  time 
limits  varying  from  42  to  48  months.  I  dg  not  know  what  method 
these  latter  contraetors  proposed  to  employ,  but  I  always  presumed  it 
would  be  some  modification  of  the  European  method." 

All  contractors  had  the  same  information,  and  the  majority  of  those 
who  bid  sent  men  on  the  ground  where  they  could  see  the  character  of 
the  rock,  from  unbroken  rock  exi>osure,  for  practically  the  entire  dis- 
tance of  the  tunnel,  from  inspection  along  the  railway,  and  also  over 
the  bare  rock  cliils.  These  cliffs  extended  for  a  height  of  practically 
6  000  ft.  above  the  ttmuel,  which  explains  how  absurd  it  would  be  to 
attempt  to  make  borings  in  order  to  get  any  further  information  than 
was  apparent  from  the  surface;  therefore,  the  meaning  of  the  phrase 
previously  quoted  is  entirely  different  from  that  placed  on  it  by  Mr. 
Lauchli.  It  simply  indicates  that  the  parties  having  in  mind  this 
method  of  boring  the  tunnel  had  confidence  enough  in  it  to  know  that 
they  could  build  the  tunnel  30  or  40%  cheaper  than  by  methods  pre- 
viously used. 

Mr.  Lauchli  further  states  that  his  figures  of  "the  cost  of  driving 
this  bore,  with  a  bottom  heading,  would  be  $5  per  cu.  yd.,  exclusive  of 
contractor's  profit."  If  this  was  a  fact,  all  the  writer  can  say  is,  that 
Mr.  Lauchli's  clients  must  do  very  well  if  they  can  make  the  proverbial 
German  1%  profit,  that  is,  of  course,  providing  they  get  any  work. 

Mr.  Keays  is  under  a  misapprehension  when  he  states  that  '^no 
heading  was  driven  in  the  main  tunnel,  using  the  pioneer  heading  to 
work  from."  All  the  heading  in  the  main  tunnel  was  driven  from  drifts 
cut  into  that  tunnel  from  the  pioneer,  and  all  the  material  from  this 
main  heading  was  carried  through  the  pioneer  tunnel,  either  directly 
to  the  outside,  or  around  the  shovels  to  standard-gauge  cars  back  of 
where  the  shovels  were  working  in  the  main  tunnel. 

Regarding  Mr.  Thomson's  discussion:  This  is  very  interesting, 
and  the  writer  is  heartily  in  accord  with  his  idea  of  paying  homage 
and  doing  honor  to  the  remarkable  engineers  of  the  past  age,  and 
especially  to  Major  Rogers,  whom  the  writer  had  the  pleasure  of  seeing 
at  a  meeting  of  the  Society,  in  Milwaukee,  Wis.,  some  29  years  ago. 
In  this  particular  detail  of  the  location  of  the  Canadian  Pacific  Rail- 
way, however,  Mr.  Thomson  has  a  wrong  idea.  The  distance  around 
by  the  Columbia  River,  from  Beavermouth  to  Revelstoke,  is  163  miles, 

•  Engineering  News,  February  24th,  1916. 
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Mr.  96  miles  longer  than  the  line  located  by  Major  Eogers,  and  for  the  traffic 
■  carried  in  1912  and  1913,  when  the  question  of  double-tracking  and 
revising  the  line  was  being  studied,  it  was  seriously  proposed  to 
abandon  the  Rogers  Pass  route  and  build  by  way  of  the  Columbia 
River,  as  almost  enough  could  be  saved  in  the  cost  of  operation  on  this 
longer  line  to  pay  the  interest  on  the  construction  of  the  new  line,  and 
a  great  deal  more  than  the  difference  in  the  cost  of  the  two  lines,  had 
the  Company  been  fortunate  enough  to  build  around  there  in  the  first 
place.  Nevertheless,  the  Company  is  now  thankful  to  Major  Rogers, 
for,  had  it  originally  built  the  line  around  by  way  of  the  Columbia 
River,  the  writer  is  sure  that  it  would  never  have  been  abandoned  for 
the  present  line,  which,  with  the  tunnel  and  heavy  business,  is  more 
economical,  especially  in  time,  than  operating  the  longer  distance  by 
way  of  the  Columbia  River.  The  Company  should  be  especially  thank- 
ful to  Mr.  Sammy  Sykes,  the  Locating  Engineer,  who  was  responsible 
for  the  "Loops"  on  the  west  slope  of  the  Selkirk  Mountains,  inasmuch 
as  the  original  location  ran  straight  down  the  north  bank  of  the 
lllicillewaet,  where,  to  this  day,  signs  of  some  abandoned  construction 
work  can  be  seen,  but,  in  order  to  save  money  at  the  expense  of  dis- 
tance, Mr.  Sykes  put  in  the  "Loops."  The  result  of  introducing  these 
"Loops"  brought  the  constructed  line  into  the  valley  of  the  lllicillewaet, 
very  close  to  the  West  Portal  of  the  Tunnel. 

These,  the  writer  thinks,  are  two  instances  which  illustrate  the  fact 
that  it  is  never  very  safe  to  be  too  sure  in  a  criticism.  Here  are  two 
cases  which  could  be  looked  on  as  blunders,  as  the  increased  cost  of 
operation,  in  the  one  case  on  account  of  the  heavy  grades  and  the  large 
rise  to  be  overcome  and  in  the  other  case  operating  over  the  longer 
distance  of  line  without  improvement  in  grades,  with  a  reasonable 
volume  of  traffic,  would  be  greater  than  the  interest  on  the  money 
that  was  saved  in  construction,  but  which  really  turned  out  to  be  a 
benefit  rather  than  otherwise. 

Mr.  Davies  asks  for  information  regarding  the  economics  of  using 
the  pioneer  tunnel.  To  quote  further  from  the  writer's  report  of  March 
13th,  1913,  to  the  Management: 

"This  method,  of  course,  is  only  applicable  where  the  rock  will 
stand  without  artificial  support,  at  least  during  the  time  of  construc- 
tion. Where  the  material  must  be  artificially  supported,  then  the  top 
heading  is  the  surest,  and  I  think,  the  best  way.  The  progress  of  the 
work  by  this  method,  as  I  said  before,  depends  only  on  the  speed  that 
the  pioneer  tunnel  can  be  driven.  If  rock  is  self-supporting,  I  see  no 
reason  why  from  20  to  25  ft.  per  day  could  not  be  made.  Placing  the 
cost  of  driving  the  small  tunnel  at  $30  per  ft.,  that  is  the  only  part  of 
the  work  that  would  be  rushed  under  high  pressure,  and  the  heading 
proper  can  be  taken  out  at  least  $5  per  ft.  cheaper  than  if  the  work 
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must  hr  (Itin(>  uiulcr  pressure,  then  tho  Ix'iicli  containing  18  cu.  yd.  per  Mr. 
ft.  (ni-'iit  section)  can,  on  account  of  there  being  no  interruptions  to  '^""'^^i' 
wait  for  drilling  or  cleaning  up  to  put  in  breast  holes  or  knocking 
do\ni  material  in  order  to  get  pipes  into  the  heading,  at  a  low  estimate, 
be  taken  out  75  cents  per  cu.  yd.  cheaper,  or  $13.50  per  ft.,  which  woiild 
make  a  saving  in  excavation  of  tunnel  proper  of  $18.50  per  ft.,  leaving 
$11.50  to  be  taken  care  of  in  interest  saved  account  making  greater 
speed.  In  my  report  to  you  of  October  22d,  1912,  I  estimated  an  annual 
saving  of  about  $220  000,  but  all  my  figures  were  very  conservative, 
and  I  took  into  account  only  one  or  two  of  the  larger  factors  of  the 
extra  expense.  Mr.  Bogue's  more  accurate  figures  show  a  saving  of 
over  $370  000.  .However,  his  estimate  for  fuel  per  h.p.  hour  was  40% 
higher  than  tlie  figure  I  used,  and  the  price  of  coal  was  17%  higher 
than  the  price  I  assumed.  His  price  is  more  accurate  than  the  one  I 
used,  but  assuming,  for  the  sake  of  being  conservative,  that  the  average 
between  the  two  estimates  would  be  approximately  correct,  that  would 
mean,  say  $300  000  per  year  saving,  to  say  nothing  of  the  interest  on 
the  $3  Oob  000  or  $4  000  0000  that  will  be  invested  in  construction,  from 
which  we  will  not  be  receiving  any  benefit  until  the  work  is  completed. 
Therefore,  if  this  tunnel  can  be  completed  one  year  sooner  by  using 
this  method,  the  saving  thus  made  will  a  great  deal  more  than  save  the 
$11.50  additional  cost  of  the  pioneer  tunnel." 

That  these  estimates  were  conservative  has  been  proved  by  the 
results,  which  were  better  than  the  estimates.  The  pioneer  tunnel, 
from  the  most  careful  studies  of  the  information  at  hand,  cost  about 
$28  per  ft.  instead  of  $30,  as  estimated.  There  was  a  great  deal  larger 
difference  than  75  cents  per  cu.  yd.  between  the  actual  cost  of  enlarg- 
ing the  tunnel  by  this  method  and  the  estimated  cost  of  enlarging 
without  the  use  of  the  pioneer  tunnel;  and  another  item,  not  taken 
into  account  in  this  estimate,  was  the  fact  that  the  pioneer  tunnel  only 
had  to  be  driven  less  than  four-fifths  of  the  total  distance.  This  was  an 
indeterminate  factor  at  the  time  these  estimates  were  made,  and  the 
writer  purposely  omitted  referring  to  it,  as  it  was  desired  to  have  the 
estimates  of  this  untried  method  conservative  in  any  reports  made  to 
the  Management. 

It  has  been  stated  by  some  that  this  method  is  not  applicable 
where  there  are  soft  spots  in  the  rock.  If  the  soft  rock  encountered 
does  not  exceed  50%  of  the  total,  the  writer  is  confident  that  this 
method  would  still  prove  more  economical  than  any  other  which  has 
yet  been  tried,  for  the  reason  that  when  the  soft  places  are  encountered, 
there  is  plenty  of  time  to  stope  out  the  upper  part  of  the  arch  and 
timber  it,  so  that  when  the  steam  shovel  arrives,  at  those  places,  there 
will  be  no  delay  whatever,  and,  instead  of  having  to  stope  out  the  entire 
section  by  hand,  as  is  necessary  in  the  under-heading  method,  only 
about  half,  or  less,  of  the  material  in  the  section  requires  to  be  removed 
in  this  manner. 
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Mr.  One  word  more  as  to   actual   costs:     To  quote  further  from   the 

Sullivan.  j,gp^j.^  ^^  ^^^^j^  ^3^^^  jg-^3 . 

"I  figure  that  by  this  method  the  pioneer  tunnel  can  be  driven  for 
about  $30,  the  main  heading  for  about  $40,  and  that  the  bench  can  be 
taken  out  for  about  $54,  making  a  total  of  $124.  There  will  be  inci- 
dentals; contractors'  profit  should  not  amount  to  over  $20  per  ft.  Of 
course,  this  method  of  driving  the  timnel,  working  so  many  drills  at 
one  time,  will  require  a  larger  plant  than  if  only  one  heading  was 
driven,  and  that  at  a  slower  speed  than  we  contemplate." 

The  expectations  of  the  Eailway  Company  have  been  more  than 
realized,  as  is  proved  by  the  speed  and  the  cost  of  the  work.  The  cost 
of  driving  this  tunnel  through  rock,  including  in  this  price  the  cost 
of  driving  19  610  lin.  ft.  of  pioneer  tunnel,  twelve  cross-cuts,  each  about 
40  ft.  long,  erecting  the  plant  (including  freight),  the  proportionate 
cost  of  building  about  5  miles  of  temporary  railway  tracks,  and  other 
overhead  charges,  plus  10%  on  all  expenditures,  will  amount  to  a 
little  less  than  $5  per  cu.  yd.  for  excavation  in  the  tunnel  proper. 

In  conclusion,  the  writer  wishes  to  say  that,  in  Europe,  where  it  is 
understood  that  drill  runners  get  from  90  cents  to  $1.25  and  laborers 
about  75  cents,  the  method  followed  in  driving  the  Loetschberg  Tunnel 
may  be  both  economical  and  rapid,  but  all  the  evidence  at  hand  goes  to 
show  that  where  one  pays  from  $5  to  $6  per  day  for  drill  rimners  and 
from  $2.50  to  $3.50  per  day  for  laborers,  the  method  adopted  is  by  far 
the  most  economical. 

Mr.  A.  C.  Dennis,*  M.  Am.  Soc.  C.  E.  (by  letter). f — The  writer  is  very 

^°°'®'  grateful  to  those  who  have  been  interested  enough  to  discuss  his  paper, 
and  wishes  to  thank  them. 

In  reply  to  Mr.  Lauchli,  in  his  criticism  of  the  Railway  Company 
for  its  lack  of  geological  data  for  use  of  bidders,  it  would  appear  that, 
except  for  the  vicinity  of  the  portals,  the  Railway  Company  could  not, 
by  boring,  or  other  methods,  supply  information  beyond  what  was 
available  to  the  contractors  for  their  inspection  of  the  almost  iinbroken 
rock  exposure  from  Rogers  Pass  to  Bear  Creek.  The  kind  of  rock  and 
its  pitch  are  obvious  from  inspection  along  the  railway,  and  from  the 
bare  rock  cliffs  above. 

The  writer  is  unable  to  agree  that  the  bottom  heading  method  of 
tunneling  is  "the  only  method  knbwn  to-day,  which  insures  absolute 
success,  both  under  favorable  and  unfavorable  conditions."  In  good 
ground,  it  is  obviously  an  economic  question,  depending  to  a  large 
extent  on  the  cost  of  labor.  For  heavy  ground,  such  as  that  near  the 
portals  of  this  tunnel,  it  is  believed  that  the  bottom  heading  system  is 
unsuitable. 

*  Vancouver,  B.  C,  Canada. 

t  Received  by  the  Secretary,  May  9th,  1917. 
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There  was  heavj'  ground  near  the  center  of  the  mountain,  in  this  Mr 
tunnel,  which  required  timbering.  The  main  heading,  from  wall-plate 
level  up,  was  excavated  to  full  section  by  hand,  and  timbered  by  seg- 
ments from  the  wall-plate  set  on  rock.  When  the  enlargement  and 
shovel  operations  reached  this  point,  no  delay  or  damage  to  the  timber- 
ing or  bench  on  which  the  wall-plate  was  set  was  caused  by  blasting 
or  mucking  the  bench.  The  work  on  this  section  was  similar  to  that 
of  timbering  a  heading  and  taking  out  a  bench  afterward,  except  that 
the  muck  going  out  and  the  timber,  pipe  lines,  etc.,  in  this  case,  did 
nut  interfere  with  other  operations,  as  would  have  been  the  case  with- 
out a  "pioneer''  heading. 

Mr.  Lauchli's  figures  for  bids  on  this  work,  and  his  costs  for  other 
tunnels,  do  not  appear  to  support  the  bottom  heading  system  as  being 
the  cheaper  method,  even  where  cheap  labor  is  available. 

Mr.  Shailer  is  quite  right  that  750  boiler  h.p.  would  appear  to  be 
inadequate.  These  boilers,  of  750  nominal  h.p.,  however,  readily  pro- 
duced 1  000  h.p.,  by  reason  of  the  induced  draft.  The  fuel  used  was 
slightly  less  than  the  quantity  estimated.  The  fuel  estimate  in  figuring 
the  bid  was  based  on  22  lb.  of  coal  per  1  000  cu.  ft.  of  air  compressed 
to  100  lb.  by  the  gauge. 

The  compression  of  air  beyond  the  pressure  at  which  it  is  to  be 
used,  in  order  to  provide  for  pipe-line  losses,  is  an  economic  question 
which  was  given  due  consideration.  It  was  calculated  that  the  8-in. 
main  used  was  the  economic  size,  and  that  a  larger  pipe  would  not  save 
by  reducing  frictional  losses  to  compensate  for  additional  first  cost, 
less  salvage  value,  plus  labor  of  putting  down  and  removing.  The 
higher  air-pressure  requirements  noted  are  the  maximum,  and  only 
apply  for  a  short  period.  For  a  permanent  plant,  larger  pipe  would 
have  been  justified. 

It  is  doubtful  whether  modern  drills  will  result  in  much  increase 
in  tunneling  speed  by  the  "top  heading  and  bench"  system,  as  sug- 
gested by  Mr.  Keays.  The  heading  drilling  may  be  faster,  but  the 
bench  drilling  and  mucking  is  usually  the  limiting  feature  in  progress, 
and  hammer  drills  are  inefficient  in  long  down-hole  drilling.  The 
writer  must  disagree  with  Mr.  Keays'  statement  that  the  "ventilation 
between  the  working  face  and  portal  is  unimportant",  and  also  that 
the  pressure  system  is  preferable  to  the  exhaust.  The  exhaust  method 
only  requires  the  mechanical  removal  of  the  air  from  100  ft.  or  so  of 
the  heading,  but  the  pressure  system  requires  such  removal  for 
the  entire  tunnel  length,  in  order  to  obtain  a  clear  tunnel.  The 
pressure  system  tends  to  mix  the  fresh  air  with  the  smoke  and  gas, 
rather  than  to  drive  the  smoke  out  bodily.  Wooden  pipe,  in  the  North- 
west at  least,  solves  the  ventilating  pipe  problem,  both  from  an  economic 
and  mechanical  standpoint. 
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Mr.  Mr.   Lavis'   words   of  appreciation   are  very  welcome.     The  writer 

'■  regrets  that  detailed  cost  figures,  which  are  the  real  test  of  any  work, 
have  to  be  withheld  to  conform  with  the  contractors'  policy  in  this 
respect,  but  will  go  so  far  as  to  say  that,  under  like  conditions,  even 
if  time  carried  no  bonus,  he  would  adopt  the  pioneer  method,  unless 
there  was  sufficient  time  to  drive  the  heading,  centrally  located,  en- 
tirely through  first,  and  muck  the  enlargement  from  one  end  only, 
and  that  never  again  would  he  use  a  top  heading  in  hard  rock. 

The  writer  regrets  that  the  report  referred  to  by  Mr.  Thomson,  by 
the  late  Yirgil  G.  Bogue,  M.  Am.  Soc.  C.  E.,  is  not  his  property,  and 
he  is  unable  to  give  the  Society  the  pleasure  and  instruction  which  was 
his  privilege  in  studying  this  masterpiece  by  his-  old  friend  and  Chief. 
Mr.  Thomson,  as  well  as  many  others  of  the  construction  days  of  the 
Canadian  Pacific  Railway,  will  regret  that  Major  Rogers'  name,  like 
others  who  helped  in  the  great  work,  will  soon  be  forgotten  on  that 
railroad.  The  Rogers  Pass  Station  has  been  abandoned,  and  the  name 
of  the  Rogers  Pass  Tunnel  has  been  officially  changed  to  Connaught 
Tunnel. 

To  Mr.  Davis,  the  writer  would  say  that  the  idea  of  a  pioneer  head- 
ing originated  in  the  desire  to  get  away  from  the  congestion,  smoke, 
general  confusion,  and  interference  of  one  operation  with  another,  ob- 
served in  tunnel  driving,  and  to  provide  muck  in  large  quantities  for 
handling  by  shovel.  His  work  in  coal  mines,  with  the  air  course  run 
with  the  main  entry,  suggested  the  pioneer  as  a  means  to  this  desired 
end.  The  Connersville  blowers  were  used  exclusively  for  exhausting 
from  the  working  faces,  and  would  produce  7  lb.  below  free  air  pres- 
sure. This  provided  satisfactory  ventilation  through  12-in.  pipe  for 
li  miles,  at  which  point  a  second  blower  was  put  in,  working  as  a 
booster  on  the  same  pipe  line. 

The  general  wages  paid  were  40  cents  per  hour  to  drill  runners,  and 
35  cents  per  hour  to  others.  The  bonus  probably  averaged  25%  in 
addition  to  these  rates. 

To  Mr.  Knowles,  the  writer  has  to  say  that  the  contractor  he  men- 
tions is  the  one  referred  to  in  the  paper  as  having  a  sub-contract  for 
labor  and  explosives  in  certain  headings  for  a  short  time,  but  whose 
sub-contract  was  cancelled  on  account  of  unsatisfactory  work.  Mr. 
White  also  seems  to  have  been  misinformed  in  crediting  this  former 
sub-contractor  with  the  speed  made.  He  and  all  his  organization  left 
the  work  a  year  before  Mr.  White's  visit,  at  which  time  only  a  short 
length  of  heading  had  been  driven  in  the  rock. 

In  regard  to  Mr.  Dougherty's  point,  as  to  whether  this  tunnel  could 
not  have  been  built  for  less  cost  by  other  methods,  it  is  difficult  to  say. 
The  writer  does  not  think  so,  but  would  be  much  interested  in  a  com- 
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parison  of  costs  of  other  tunnels  witli  those  quoted  from  Mr.  Sullivan's     Mr. 
article,  due  allowance  heing  made  for  extra  cost  for  lonj^:  tunnels,  and  '^^'"'""'■ 
bcarinj?  in  mind  that  this  tuiinel  was  not  in  **ideal"  or  "made-to-order" 
prround.    The  West  Portal  earth  section  was  very  difficult,  and  the  rock 
section  was  hard  to  break,  as  illustrated  by  the  average  explosives  used 
in  the  pioneer  heading,  that  is,  15  lb.  of  G0%  gelatine  per  cu.  yd. 

^Ir.  Dougherty's  point,  that  all  excavation  should  be  taken  out  dur- 
ing construction  to  allow  for  lining,  is  well  taken.  The  extra  excava- 
tion can  be  done  during  construction  for  probably  10%  of  the  cost  of 
enlarging  xmder  traffic.     No  tunnel  is  entirely  safe  until  it  is  lined. 
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Discussion,* 


Bv  F.  E.  CuDwoRTH,  Esq. 


F.  E.  CuDWORTHjf  Esq. — The  author  and  others  have  discussed  the       Mr. 
larger   aspects   of   this   improvement;   the   speaker   will   mention   some    ^  ^^^"^ 
of  the  smaller  things  connected  with  the  work,  and  will  take  up  a  few 
of  the  problems  which  arose  in  carrying  out  the  practical  details  of 
the  ordering,  transporting,  handling,  setting,  and  driving,  and  finally 
pulling  the  steel  sheet-piling. 

Fortunately  for  the  ordering,  the  Department  of  Docks  and  Ferries 
had  complete  data,  as  a  wooden  pile  with  a  steel  shoe  had  been  driven 
at  the  corner  of  each  cell  or  pocket,  down  to  rock.  From  the  rock 
elevation  thus  obtained,  and  assuming  a  plane  surface  between  the 
corners,  a  schedule  of  piles  was  made  up  in  lengths  varying  by  3  in. 
There  were  finally  more  than  3  500  piles  in  the  order.  If  any  one 
has  a  similar  order  to  make  up,  it  would  be  better  to  use  1  ft.  as  the 
variation  in  length,  so  as  to  have  to  deal  with  a  less  number  of  different 
lengths. 

After  giving  the  matter  some  thought,  it  was  decided  to  record 
the  pile  data  on  loose  leaves  in  book  form,  of  a  size  that  could  be 
readily  carried  in  the  pocket.  The  pages  contained  the  necessary 
information  for  the  rolling  mill,  the  contractor,  and  the  Dock  Depart- 
ment, and  copies  of  the  books  were  sent  to  all  parties  concerned.  As 
each  then  had  the  same  information,  correspondence  and  conversation 
could  be  readily  carried  on. 

•  Discussion  of  the  paper  by  Charles  W.  Stanlford,  M.  Am.  Soc.  C.  E.,  continued 
from   April,    1917,   Proceedings. 
t  New  York  City. 
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Mr.  The   Lackawanna  pile,   in   cross-section,   is   symmetrical   as  to   the 

'  ends,  but  not  the  sides,  therefore,  the  names  of  "right  hand"  and 
"left  hand"  were  adopted,  on  account  of  the  resemblance  of  the  cross- 
section  to  the  hand,  when  looked  at  from  the  thumb  side.  All  specials 
were  made  by  splitting  the  piles  and  using  the  halves,  so  that  the 
end  sections  must  present  a  certain  outline  to  suit  the  closing  of  a 
pocket  with  a  fixed  number  of  piles — if  an  odd  number,  one  outline, 
if  an  even  number,  a  different  outline — so  this  end  section  had  to  be 
shown  also.  The  number  of  piles  in  the  side  of  a  pocket  was  finally 
decided  on  as  an  even  number.  This  made  the  three  wings  of  a  Y-pile 
show  right-handed  in  plan.  The  book  solved  this  problem,  as  it 
gave  the  same  information  to  all  persons  connected  with  the  work, 
from  the  mill  to  the  foreman  who  drove  the  piles,  and  the  official  who 
inspected  them. 

The  next  problem  came  in  the  handling.  On  the  first  few  cars 
the  piles  were  in  no  particular  order,  different  cars  even  became  mixed 
on  the  railroad  lighter  and  in  handling  them  from  the  railroad  lighter 
to  the  contractor's  lighter,  or  to  the  scows  on  the  work,  so  that  finding 
a  pile  of  the  required  length  was  quite  a  task,  and  the  loss  of  time 
increased  the  cost.  The  manner  of  handling  the  piles  was  discussed 
by  the  contractor's  force  and  the  railroad  company,  and  the  speaker 
went  to  Buffalo  and  arranged  to  have  the  piles  loaded  in  the  reverse 
order  to  that  in  which  they  were  to  be  driven.  The  piles  were  stacked 
in  groups  of  about  eleven  pieces  each,  with  a  maximum  weight  of 
about  11  tons  per  group.  These  groups  were  put  on'  two  cars,  three 
groups  sideways  and  two  groups  high,  separated  both  horizontally 
and  vertically  by  blocking,  so  that  the  groups  were  iniloaded  as  units 
in  Jersey  City.  The  groups  were  then  transferred  in  wire  rope  slings 
from  the  railroad  lighter  to  the  contractor's  lighter  or  to  a  scow,  from 
which  they  could  be  lifted  one  at  a  time  by  the  contractor's  lighter. 
As  each  single  pile  was  placed,  the  next  one  wanted  was  found  on 
the  top  of  the  group,  and  from  one  group  they  went  to  the  next,  and 
so  on.  This  brought  order  and  economy,  whereas,  at  one  time  it  was 
thought  that  a  large  piece  of  ground  would  be  required  for  sorting, 
with  a  crane  or  a  lighter  to  do  the  work. 

The  next  operation  was  setting  the  piling.  A  lighter  was  brought 
from  Boston  for  this  purpose,  but,'  in  sketching  it  in  on  the  plan 
at  the  time  the  piling  was  ordered,  it  was  found  that  the  round 
corner  of  the  coffer  would  not  admit  of  placing  the  lighter  so  that 
it  could  do  the  work.  To  accomplish  this,  and  also  drive  the  clusters 
of  land  piles  for  tying  back  the  cut-off  wall,  two  booms  were  put  on 
a  floating  pile-driver;  this  was  done  in  order  to  avoid  bringing  in  a 
land  driver  for  a  few  clusters;  one  boom  held  the  leads  and  hammer 
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Fig.   37. — Guide  for  Entering  Pile. 


Fig.  38. — Spring  Ciami-  for  Attaching  Tag  Line  to  Pii.e. 
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and  tho  otlior  handled  the  pile.  In  this  way  the  land  piles  could  then  Mr. 
be  driven  and  the  lighter  could  be  taken  into  the  round  corner  of  "^^*'*"'"^ 
the  dam  "head  on,"  in  order  to  set  the  steel  piles.  The  driver  had 
little  freeboard,  but  this  was  remedied  by  closing  the  forward  hatch 
to  keep  the  water  from  flooding  the  hold.  This  is  the  only  case 
known  to  the  speaker  where  two  booms  were  used  on  a  pile-driver. 
It  was  also  intended  to  use  these  booms  later  for  handling  two  driving 
hammers  at  the  same  time. 

It  might  be  thought  that  the  setting  of  the  piles  could  be  done 
easily,  but,  with  the  end  of  the  previously  driven  pile  20  ft.  above  the 
water,  and  with  a  pile  from  50  to  TO  ft.  long  swinging  in  the  air 
from  a  boom,  and  the  pile-driver  or  lighter  moving  with  the  wind 
and  boat  swells,  it  will  be  realized  that  it  was  quite  difficult.  It  is 
necessary  to  enter  the  Lackawanna  pile  from  the  end,  and  as  the 
clearance  is  only  J  or  i  in.,  this  is  not  easily  done,  and  there  is  a 
chance  that  the  man  guiding  the  pile  may  lose  a  finger  or  two.  Light 
ladders,  with  a  strong  hook  in  the  side,  so  that  they  would  hang  to  the 
top  of  the  pile,  were  provided,  and  were  better  than  a  boatswain's  chair, 
as  the  man  was  on  something  more  nearly  stationary.  The  next  thing 
was  to  steer  the  pile  into  place.  Various  schemes  were  suggested,  and 
finally  a  guide  (Fig.  37)  was  made  from  a  piece  of  piling  about  5  in. 
long,  with  a  swivel-eye  for  a  safety  line,  so  that  it  would  not  be  lost 
if  it  fell  overboard.  This  guide  was  held  in  place  on  top  of  the  pile 
with  light  flat- jaw  pieces  on  each  side,  and  had  the  "thumb,"  as  that 
part  of  the  lock  on  the  pilings  was  called,  cut  out.  The  weight  of 
the  guide  was  reduced  to  11  lb.  by  cutting.  An  operator,  skilled  in 
handling  a  lighter,  could  lower  the  pile  within  the  distance  of  the 
height  of  this  guide;  it  could  then  be  pulled  into  place,  and  would 
be  held  by  the  "finger"  of  the  guide  until  lowered.  This  was  a  time 
saver  and  good  accident  insurance. 

The  tag  line  at  first  was  tied  to  the  lower  end  of  the  pile,  and 
two  men  on  two  lines  held  the  swing  of  the  pile,  and  helped  the  guide 
man.  It  took  time  to  put  on  this  rope,  and  more  time  when  the  pile 
was  up  in  the  air,  to  take  it  off.  A  little  spring  clamp  (Fig.  38)  was 
finally  made,  with  a  swivel-eye  for  attaching  the  tag-lines.  The  clamp 
was  fastened  to  the  pile  with  a  screw  bolt  having  a  lever  handle,  and 
this  could  be  put  on  and  taken  off  in  a  few  seconds.  The  weight  of 
the  clamp  was  14  lb. 

The  best  day's  work  in  setting,  with  one  lighter,  after  the  crew  had 
been  well  broken  in,  was  in  one  case  98  pieces  70  ft.  long,  and  in  another 
case  129  pieces,  from  20  to  25  ft.  long,  in  8  hours.  In  the  latter  instance 
the  average  was  16  piles  per  hour,  or  a  pile  in  a  little  less  than  4  min. 
Thus,  seconds  cut  off  in  different  ways  were  important. 
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Mr. 
Cudworth. 


After  the  setting  came  the  driving.  The  idea  was  to  use  the  pile- 
driver  boom  and  the  lighter  boom,  and  do  away  with  the  clumsy  hang- 
ing leads.  This  is  difficult,  even  when  the  suspension  is  from  a  land 
machine,  but,  with  a  floating  machine,  moving  around  and  bobbing 
up  and  down,  it  is  still  more  difficult.  The  first  trouble  was  to  get  the 
hammer  on  the  pile  when  up  in  the  air,  the  next  to  keep  it  there,  and 
lastly  (but  still  important),  to  keep  it  correctly  lined  up  with  the  pile, 
so  that  the  blows  would  be  in  the  right  direction  to  do  the  most  good. 

,Open  Front  of  Hammer  to  this  side  - 
^  _  ^    —)       _/  Engaging  Guides  ,4  and  B 


ffx  C  X  J-a'Aug-le  /    ^    W  6'x  C"x  }^'i' 

HORIZONTAL  CROSS-SECTION    LOOKING  DOWNWARD 

ATTACHMENT  TO  HOLD  HAMMER 

ON  ONE,  TWO,  OR  THREE  PILES. 

(LACKAWANNA  ARCH  WEB  SHAPE.) 

Fig.   39. 

Finally,  an  attachment  was  designed  to  be  placed  on  the  corners 
of  the  hammer.  This  projected  like  a  double  clothes-pin.  The  hammer 
was  the  body  of  the  clothes-pin  and  the  attachments  were  the  prongs. 
This  was  built  in  iron  and  later  in  wood.  Fig.  39  shows  the  design 
for  the  arch-web  style  of  pile;  the  arrangement  for  the  straight-web 
pile  section  was  similar.  A  double  set  of  prongs — making  two  slots — 
was  used,  so  that,  by  placing  the  piles  in  one  slot,  either  three  or  one 


(,'ud  worth. 
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could  be  driven,  and  by  using  the  other  slot,  two  piles  could  be  covered.  Mi 
The  idea  was  to  drive  three  piles  at  a  time  when  they  drove  easily,  then 
two  i>iles,  when  the  driving  was  harder,  and  finish  by  driving  one  pile 
at  a  time,  with  a  follower.  This  arrangement  worked  well,  and  allowed 
ihe  lifting  tackle  to  be  even  entirely  slacked  off,  if  desirable.  In  fact, 
the  hammer  would  work  on  the  pile  without  being  otherwise  supported. 
As  sho^Ti  by  Fig.  42,  this  arrangement  was  also  convenient  for  taking 
cate  of  the  hammer  when  not  in  use,  as  it  saved  laying  it  down  on  the 
deck  of  the  lighter. 

The  problem  of  pulling  the  piles  was  a  subject  of  much  discussion, 
both  in  the  field  and  in  the  office.  On  most  of  the  jobs  where  piles  have 
been  pulled  heretofore,  with  the  exception  of  the  coifer-dam  around 
the  Maine,  and  part  of  the  Black  Rock  Dam,  they  had  been  driven 
in  straight  lines,  or,  if  curved,  the  external  was  greater  than 
the  internal  pressure,  and  they  were  not  necessarily  in  tension  in 
the  locks.  Owing  to  the  manner  in  which  the  cells  at  46th  Street  were 
filled,  the  internal  was  greater  than  the  external  pressure,  so  that  the 
cells  probably  took  a  shape  somewhat  similar  to  a  barrel,  that  is,  they 
had  swelled  out  in  the  middle  from  the  pressure  of  the  materials  con- 
tained in  them,  the  bottom  being  held  in  place  by  the  penetration.  The 
piles  to  he  pulled  had  been  in  place  for  about  2  years,  and  the  earth 
friction  was  great.  To  this  was  added  also  the  friction  due  to  the 
tension  locks  and  any  additional  friction  resulting  from  the  effect  of 
the  movement  of  the  dam;  thus  it  was  difficult  to  determine  the  pull 
necessary  to  take  them  out.  The  locks,  however,  had  been  greased  when 
driven. 

The  problem  was  how  to  grip  the  pile  and  also  be  able  to  let  go  of 
it  when  desired,  and  how  to  arrange  for  the  pulling.  For  taking  hold 
of  the  pile,  the  Lackawanna  Steel  Company  was  kind  enough  to  lend  the 
contractors  a , 50-ton  and  a  150-ton  grip,  which  would  engage  the  web  of 
the  pile.  (Fig.  40.)  These  grips  were  used  in  pulling  the  piles  in  the 
coffer-dam  around'the  Maine,  and  were  of  the  box  form,  which  allowed 
the  pile,  as  it  was  pulled,  to  come  up  through  the  inside  of  the  grip. 
"^Tiere  these  grips  had  been  used  previously,  the  tops  of  the  piles  were 
at  about  the  same  elevation ;  but  in  the  46th  Street  coffer-dam  they 
stood  at  varying  heights,  as  they  had  been  driven  toi  the  rock  surface, 
which  was  quite  uneven.  The  Lackawanna  grip  could  'engage  a  pile 
about  8  in.  below  the  piles  of  either  side,  but  when  there  was  more  than 
that  variation  it  was  impossible  to  apply  the  grip.  To  overcome  this 
difficulty  the  speaker  designed  a  grip  of  such  width  that  it  could  go  in 
the  8-in.  space  between  two  alternate  piles  and  grab  one  which  was 
lower.  This  grip  (Fig.  41)  had  4  by  16-in.  side  pieces,  closed  by  a 
toggle  and  made  to  open  by  a  single  line  operated  by  the  engine  ruxmer. 
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This  was  designed  for  a  60-ton  pull.     It  was  to  be  used  in  connection 
■v^ith  the  No.  1  National  Pulling  Hammer,  as  shown  in  Fig.  43. 

This  apparatus  seemed  to  be  strong  enough  to  do  the  work.  The 
first  piles  were  pulled  in  the  cut-off  with  a  derrick  of  about  12  tons 
capacity.  This  combination  pulled  the  piles  which  were  shorter  than 
about  25  ft.,  and  then  there  was  difficulty.  In  this  case,  due  to  the 
small  capacity  of  the  derrick,  the  dead  weight  of  the  hammer  and  grip 
were  too  great,  in  proportion  to  the  striking  energy  of  the  hammer, 
and  it  was  found  necessary  to  do  away  with  the  grip,  drill  holes  in  the 


GRIP  USED  FOR  PULLING  THE  75-FOOT  SPLICED 

LENGTHS  OF  LACKAWANNA  STEEL  .SHEET-PILING 

FROM  THE  COFFER-DAM   AROUND  THE  U.S.S. 

MAINE,  HAVANA  HARBOR. 

Pig.  40. 


sheeting,  and  attach  the  hammer  directly  thereto.  At  about  this  time 
a  new  grip  (Fig.  45),  designed  by  C.  S.  Boardman,  M.  Am.  Soc.  C.  E., 
of  the  Lackawanna  Steel  Sheet-Piling  Department,  arrived.  This  was 
of  smaller  capacity,  of  very  much  better  material,  and  of  lighter  weight. 
It  was  used  afterward  on  the  smaller  of  the  two  lighters,  having  a 
capacity  of  about  20  tons,  and,  after  some  changes,  proved  very  satis- 
factory. The  large  grip  (mentioned  previously)  built  by  the  con- 
tractor, was  used  on  the  40-ton  lighter,  and  worked  well.  The  most 
economical  and  most  rapid  method  of  pulling  was  when  the  resistance 
of  the  pile  was  within  the  capacity  of  the  lighter  without  the  hammer. 
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PILE  PULLING  RIG 


Cut  iroD  Split  block 
In  bilvcs.  »lth  gto«I 
•hickln  tni  bolts 


}i  rop«  alias,  when  taut  to  be  \ 
9  per  drop  ahoTn  on  other  view/ 


^      I'thlok  juMc-  Wjj 


llil  T. 
115  r. 

STRESS  DIAGRAM 


Mr 
Cu(i  worth. 


GROOVING  IN  GRIP  PLATES 


Fig.  41. 
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Mr.  Mr.  Staniford  has  described  some  of  the  ways  in  which  the  piles 

were  pulled;  the  speaker  will  mention  some  of  the  ways  in  which  they 
were  not  pulled:  In  starting  the  pulling,  in  the  cells  where  the  piles 
were  long,  the  hardest  work,  of  course,  was  in  breaking  the  pockets, 
that  is,  in  pulling  the  first  piece  of  piling  which  had  tension  in  the 
locks  on  both  sides  of  the  pile  and  was  held  by  the  friction  of  the  soil, 
stone,  and  other  materials.  The  first  combination  tried  was  a  lever 
and  two  small  hammers  which  were  on  the  job,  using  as  a  lever  a  24-in., 
100-lb.  I-beam,  30  ft.  long,  putting  the  35-ton  lighter  over  the  grip  and 
the  15 -ton  crane  on  the  lever.  The  beam  was  bent,  and  failed  to  start 
the  pile.  A  heavier  lever  was  made  up,  using  three  24-in.,  1  000-lb. 
X-beams.  The  crane  at  the  end  of  the  30-ft.  lever  lifted  about  8  tons, 
the  other  end  of  the  lever  rested  on  the  top  of  a  Y-pile,  6  ft.  from  the 
pile  being  gripped.  This  multiplied  the  lift  on  the  grip  to  about  30 
tons.  The  lighter  pulled  about  40  tons  directly  on  the  grip,  and,  in 
the  direct  line  of  the  light  pull,  there  were  two  No.  3  National  ham- 
mers inverted  for  pulling.  This  was  estimated  at  an  equivalent  of  15 
tons  pull  for  each,  and  made  the  total  lift  on  the  pile  about  100  tons. 
This  rig  was  used  because  all  the  materials  for  it  were  on  the  ground; 
it  failed  to  start  the  pile. 

The  two  hammers  did  not  work  well  because  there  was  no  way  to 
synchronize  the  strokes,  or  blows. 

At  this  time  a  No.  1  National  pulling  hammer  arrived  and  was 
inserted  in  the  line  of  pull  between  the  lighter  and  the  grip,  in  place 
of  the  two  smaller  hammers.  This  arrangement  finally  started  the 
first  pile  in  the  outside  row.  After  this  pile  had  been  drawai  a  good 
many  of  the  others  could  be  pulled  by  the  lighter  with  the  grip,  with- 
out the  use  of  the  hammer.  An  air  jet  (Fig.  44),  with  a  nozzle  similar 
to  that  used  for  a  hydraulic  jet,  was  put  in  operation  and  served  to 
break  up  the  skin  friction  with  the  soil.  Then  hammer  trouble  started. 
The  band  plate,  which  was  of  structural  material — the  best  that  could 
be  obtained  under  the  market  conditions  prevailing  at  that  time — did 
not  last  very  long,  and  a  No.  6  hammer,  brought  to  the  job  by  the 
McKiernan-Terry  Drill  Company  (Fig.  44),  with  a  band  of  a  different 
shape  was  used,  as  the  other  bands  were  expensive  and  the  proper  grade 
of  material  could  not  be  obtained.  The  McKiernan-Terry  hammer  did 
excellent  work. 

The  pulling  was  a  fight  with  the  piles  from  start  to  finish,  there 
being  very  few  days  when  a  good  run  could  be  made.     The  number 
pulled  by  one  gang  ranged  from  0  to  40,  a  fair  day's  run  was  20.     The  ■ 
record  was  made  when  66  piles,  not  exceeding  25  ft.  in  length,  were  I 
pulled  with  a  locomotive  crane  in  about  6  hours.    This  covers  the  break-.; 
ing  of  the  outside  row.  ' 
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The  breaking  of  the  inside  row  with  an  A-franie  has  been  described       Mr. 


bv  Mr.  Staniford.    An  A-frame  was  used  because,  in  dredging  out  the 


Cudworth. 
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pockets  to  a  depth  of  about  10  ft.,  there  was  not  enough  of  the  dam 
remaining  to  carry  the  weight  of  the  cranes. 
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Discussion.* 


By  ^Messrs.  11.  J.  Wk;  axd  Lewis  R.  Feiu;usox,  a^d  K.  E.  BAKENHiTs.f 


R.  J.  Wig:}:  and  Lewis  R.  Ferguson,§  Assoc.  Members,  Am.  Soc.    Messrs. 
C.  E.   (by  letter). II — The  increasing  necessity  for  marine  structures,       an<i 
due  largely  to  the  improvement  of  harbor  facilities  and  the  military  Ferguson, 
work  along  our  sea  coasts,  gives  an  added  value  at  the  present  time 
to  the  paper  presented  by  Mr.  Bakenhus. 

The  points  he  brings  out  are  largely  confirmed  by  an  extensive 
investigation  recently  completed  by  the  writers.  During  this  investi- 
gation practically  all  the  concrete  structures  along  the  Pacific,  Atlantic, 
and  Gulf  Coasts,  as  well  as  a  number  in  Canada  and  Cuba,  were  care- 
fully examined.  Their  present  condition  was  noted,  and  in  most 
cases  a  detailed  description  of  the  materials  and  methods  used  in 
construction  were  obtained. 

The  effect  of  the  quantity  of  water  used  in  mixing  the  concrete 
is  rightly  emphasized  by  Mr.  Bakenhus,  for  this  factor  undoubtedly 
has  a  most  important  bearing  on  the  ability  of  the  structure  to  resist 
sea-water  action.  He  states  that  the  specimens  made  of  wet  or  very 
wet  mixtures  are  in  much  better  condition  than  those  made  of  dry 
concrete,  and  this  is  substantiated  by  the  data  he  presents. 

Perhaps  it  would  have  been  better  if  the  terms  "wet"  and  "very 
wet''  had  not  been  chosen  for  describing  the  consistencies  used.  Ordi- 
narily,   in   present   practice,    concrete   which   would   be   designated   as 

•  Discussion  of  the  paper  by  R.  E.  Bakenhus,  M.  Am.  Soc.  C.  E.,  continued  from 
May.  1917,  Proceedings. 
T  Author's   closure. 
t  Washington,  D.  C. 
5  Philadelphia.  Pa. 
Received  by  the  Secretary,  June  Sth,  1917. 
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Messrs.  "wet"  or  "very  wet",  contains  a  great  deal  more  water  than  was  used 
and  ill  '^i^y  of  the  mixtures  from  which  the  specimens  were  made.  Even 
Ferguson.  [^^  ^j^g  ygj.y  wet  mixtures,  the  notes  in  Table  3- A  indicate  that  the 
concrete  was  tamped.  In  ordinary  practice,  very  wet  or  even  wet 
concrete  would  flow  into  place,  and  it  would  be  so  soft  that  tamping 
would  not  be  necessary,  nor  could  it  be  compacted  in  this  manner. 
The  writers  believe,  as  a  result  of  their  investigation  previously  referred 
to,  that,  with  concrete  subjected  to  sea-water  action,  the  best  results 
are  invariably  obtained  when  a  consistency  is  used  which  will  permit 
of  light  tamping.  This  light  tamping  should  produce  quaking  in  the 
mass.  If  the  concrete  is  mixed  too  dry,  a  porous  condition  will  result; 
and  if  too  much  water  is  used  in  mixing,  a  lack  of  density,  together 
with  a  chalky  condition  of  the  surface,  results.  In  both  cases,  the 
concrete  is  very  susceptible  to  disintegration  by  sea-water  action.  For 
reinforced  work,  as  usually  constructed,  a  slightly  wetter  mixture  is 
required  than  what  the  writers  believe  to  be  the  best  consistency,  owing 
to  the  necessity  of  thoroughly  embedding  the  reinforcement. 

It  is  possible,  however,  that  some  method  may  be  devised  of  placing 
the  concrete  for  reinforced  work  so  that  the  ideal  consistency  can  be 
used  and,  at  the  same  time,  secure  thorough  protection  of  the  embedded 
steel.  The  ideal  consistency  is  that  which  produces  concrete  of 
maximum  density. 

The  author  indicates  that  great  care  was  exercised  in  proportioning 
the  aggregates  and  in  mixing  the  concrete,  the  time  of  mixing,  after 
all  the  ingredients  were  placed  in  the  drum,  being  about  2  min.  This 
undoubtedly  had  a  very  beneficial  effect  on  the  concrete. 

In  many  of  the  structures  examined  by  the  writers  the  deterioration 
in  evidence,  at  least  in  part,  can  be  attributed  to  a  lack  of  care  in 
preparing  the  concrete.  More  care  must  be  taken  in  the  mixing  of 
the  concrete  than  has  too  often  been  the  case  in  the  past,  if  more 
successful  results  are  to  be  secured  with  concrete  structures  in  sea 
water.  In  fact,  far  more  care  must  be  taken  in  every  operation  con- 
nected with  constructing  concrete  which  will  be  subjected  to  sea- water 
action  than  is  necessary  for  land  structures. 

Only  by  giving  strict  attention  to  minute  details,  which  in  land 
structures  would  be  trivial,  can  satisfactory  results  be  obtained.  Minor 
defects,  which  ordinarily  would  be  unimportant,  are  often  the  starting 
points  of  deterioration  which  ultimately  spreads  to  sound  parts  of 
the  structures  and  cause  failure  when  sea-water  action  is  to  be  resisted. 

Although  the  information  which  Mr.  Bakenhus  presents  is  of 
great  value  for  the  locality  of  Boston,  care  must  be  taken  in  drawing 
too  general  conclusions  from  it.  There  is  a  great  difference  in  the 
action  of  sea  water  on  concrete  in  different  localities  due  to  climatic 
conditions  as  well  as  varying  physical  actions,  such  as  wave  action  and 
abrasion  from  floating  debris  and  ice. 
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TIk'   saline  content  of   the   water  also   has   a   marked  effect.     The    Messrs. 
undiluted  sea   water  along  our  coasts  does  not  vary  greatly   in  the      ^'^ 
quantity  of  salt  contained,  but,  where  structures  are  near  the  mouths  Ferguson, 
of  rivers,  the  sea  water  is  frequently  diluted  to  a  considerable  extent. 
The  writers  believe  that  few  very  general  statements  can  be  made 
on  the  subject  of  the  effect  of  sea-water  action  on  concrete,  but  the 
peculiarities    of    each    individual    locality    must    be    studied    before 
attempting   to   state   the   methods   to   be   followed,   which   will   insure 
permanent  concrete  structures. 

R.  E.  Bakenhus,*  M.  Am.  Soc.  C.  E.  (by  letter).! — The  writer  has  Mr. 
read  with  interest  the  various  discussions  of  his  paper.  Information 
is  offered  tending  to  confirm  the  results  of  the  Boston  tests.  The 
opinion  advanced  by  Mr.  Yates  that,  in  setting,  a  surface  is  formed 
on  concrete,  which  will  resist  successfully  the  action  of  sea  water  on 
ci-ment,  is  significant.  If  a  surface  coat  protects  the  concrete  from 
the  chemical  action  by  sea  water,  then  it  becomes  very  important  to 
know  the  character  of  this  protective  surface,  to  encourage  or  bring 
about  its  formation,  and  to  protect  it  from  mechanical  injury.  Mr. 
Yates  cites  examples  of  bridge  i)icrs  in  fresh  water  showing  no  deteri- 
oration from  freezing  and  thawing  and  no  chemical  action,  though 
mechanical  injury  to  the  surface  exists.  This  tends  to  bear  out  the 
theory  that  it  is  the  chemical  reaction  between  the  sea  water  and  the 
concrete  that  is  responsible  for  most  of  the  deterioration  of  the  latter. 
A  number  of  causes  are  undoubtedly  contributory  to  the  deteriora- 
tion of  concrete  in  tidal  sea  water.  It  depends  first  on  the  destructive 
agents  existing  in  the  sea  water  and  the  atmosphere,  and  second  on  the 
materials  of  which  the  concrete  is  made  and  the  manner  in  which  they 
are  combined.  The  active  possible  destructive  forces  may  be  listed  as 
follows : 

(a). — ^lechauical  injury  by  floating  objects  or  debris; 

(h). — Mechanical  injury  by  water,  waves,  and  currents; 

(c). — Mechanical  injury  by  wind  action; 

(d). — Mechanical  injury  from  freezing  and  thawing; 

(e). — Chemical  reactions  between  the  sea  water  and  cement; 

(/). — Chemical  reactions  between  the  sea  water  and  the  sand  or 

stone  of  the  concrete; 
(g). — Physico-chemical  reactions  of  the  sea  water  and  the  con- 
crete, such  as  the  solution  of  elements  of  the  concrete  in 
sea  water,  or  the  formation  and  deposit,  in  the  pores  of 
the  concrete,  of  crystals  occupying  greater  volume  than 
the  original  materials,  accompanied  by  minute  internal 
stresses ; 
(/(). — A  combination  of  any  or  all  of  these  destructive  effects. 

•  Washington,   D.   C. 

t  Received   by   the   Secretary,   July   30th,    1917. 
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Mr.  The  elements  tending;  to  resist  destruction  may  be  listed  as  fol- 

Bakenhus.  , 

lows : 

(a). — Density  of  the  concrete,  that  is,  reduction  of  pores  to  a 
minimum,  accompanied  by  increased  resistance  to  internal 
stresses ; 

(h). — Thorough  mixture  of  the  ingredients,  so  as  to  give  a  uni- 
form  composition  of  the   mass ; 

(c). — Freedom  from  accidental  defects,  which  may  act  as  starting 
points  of  deterioration; 

(d). — Chemical  and  physical  characteristics  of  the  cement,  sand, 
and  stone,  making  these  materials  neutral  in  the  tidal 
range  of  sea  water; 

(e). — Strengthening  of  the  concrete  by  a  high  proportion  of 
cement ; 

(/). — Formation  of  a  protective  coat,  which  is  inert  in  the  tidal 
range  of  sea  water  and  which,  unless  mechanically  broken, 
prevents  chemical  action. 

Deterioration  is  the  result  of  the  interaction  of  the  various  destruc- 
tive forces  and  the  resisting  elements.  In  the  tests  which  have  been 
described,  the  effort  was  made,  by  comparing  parallel  series  of  speci- 
mens, to  single  out  and  test  the  variable  elements  in  the  concrete 
itself,  one  at  a  time.  The  destructive  elements  of  the  sea  and  air 
might  have  been  similarly  segregated,  and,  in  addition,  the  tests  might 
have  been  repeated  in  various  climates  and  in  fresh  water,  as  well  as 
in  salt  water,  so  that  the  effect  of  mechanical  injury  from  floating 
debris,  the  effect  of  wave  action,  the  effect  of  freezing,  the  effect  of 
climate  and  of  moisture  and  air,  and,  finally,  the  effect  of  the  chemical 
and  physico-chemical  action  of  the  sea  water  might  have  been  inde- 
pendently determined.  In  part,  this  is  accomplished  by  the  S])ecimens 
extending  below  low  tide  and  above  high  tide.  In  the  absence  of  any 
more  elaborate  series  of  tests,  the  experiences  with  actual  structures 
in  many  localities  may  supplement  the  data  already  available,  and 
enable  engineers  to  reach  definite  conclusions.  The  writer,  therefore, 
looks  forward  with  interest  to  the  report  of  the  extensive  investiga- 
tions made  by  Messrs.  R.  J.  Wig  and  Lewis  R.  Ferguson,  for  the 
Bureau  of  Standards,  in  all  parts  of  the  country. 

In  tidal  sea  water  at  Boston,  the  destructive  effects,  as  shown  by 
the  tests,  occur  where  the  concrete  is  alternately  exposed  to  the  sea 
water  and  the  air.  Exposure  to  either  the  sea  water  or  the  air  alone 
did  not  bring  about  deterioration.  This  would  indicate  that  it  is  not 
simple  chemical  reactions  between  sea  water  and  cement  that  bring 
about  destruction  of  the  concrete,  as  these  could  go  on  below  tide  level 
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as  well,  but  that   the  reactions   are  dependent   on   air   as   well   as   on       Mr. 
water,  and  are  most  probably  of  a  physico-chemical  nature.  Bakenhus 

It  is  shown  by  the  tests  that  certain  concretes  are  not  stable  in 
sea  water  at  tide  levels.  Other  concretes  are  stable  in  the  presence  of 
the  forces,  chemical  and  physical,  that  are  active  in  sea  water  at  tide 
levels.  The  dividing::  line  between  the  two  classes  is  not  sharply 
marked.  Knowledge  of  the  action  and  effect  of  these  forces  is  just  as 
important  to  the  engineer  in  designing  successful  concrete  structures 
in  sea  water,  as  knowledge  of  earth  pressure,  hydrostatic  pressure,  or 
other  loads.  A  very  considerable  volume  of  empirical  knowledge  is 
now  available  for  the  engineer  from  these  tests  and  from  other  sources. 
Under  existing  conditions,  it  is  apparent  that  concrete  structures  in 
sea  water  should  be  planned  with  care,  and  only  by  those  who  liave 
special  knowledge  of  the  subject. 
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THE  WATER  SUPPLY  OF  PARKERSBURG,  W.  YA. 

Discussion.* 


Bv  Ein\  AifD  ^Iavo  Tolmax,  Jux.  Am.  Soc.  C.  E. 


Edward  Mayo  ToLMAX.f  Jux.  Am.  Soc.  C.  E.  (by  letter).:}: — This  Mr. 
comprehensive  and  valuable  paper,  together  with  the  discussion  on 
the  so-called  Smith  system  of  filtration  which  it  has  evoked  has  been 
of  special  interest  to  the  writer,  as  that  system  has  been  made  the  sub- 
ject of  several  bitter  political  controversies,  into  which  one  side  or  the 
other  has  endeavored  to  drag  him,  ever  since  his  appointment  as  Engi- 
neer for  the  State  Health  Department,  with  demands  that  he  either 
l»raise  the  system  to  the  skies,  or  condemn  it  as  utterly  worthless.  It 
was  so  evident  that  both  sides,  for  the  most  part,  had  so  far  lost  all 
sight  of  the  engineering  principles  involved,  "that  a  careful  report  on 
the  .system  would  in  no  way  change  the  opinion  of  those  interested, 
but  might  serve  as  political  capital,  that  the  writer,  heretofore,  has 
refrained  from  an  expression  of  opinion.  Nevertheless,  the  Division 
of  Sanitary  Engineering  of  the  State  Department  of  Health  of  West 
Virginia  has  gathered  considerable  data  on  the  system,  some  of  which 
may  ]irove  of  interest. 

Beginning  in  January,  1917,  the  Department,  once  a  week,  has  made 
c<)nii)k'te  chemical  examinations  of  samples  of  the  Ohio  Kiver  from 
directly  over  the  surface  of  the  filters  and  from  a  tap  in  the  City  Hall. 
The  results  of  five  pairs  of  samples  are  given  in  Table  5. 

These  results  would  be  of  greater  value  if  analyses  of  water  from 
wells  along  the  river  bank  were  available  for  comparison.  The  series 
of  samples  were  collected  primarily  for  the  purpose  of  showing  the  per- 
centage of  ground-water  in  the  city  supply,  but  the  well  samples  showed 

•  Discussion  of  the  paper  by  William  M.  Hall,  M.  Am.  Soc.  C.  E.,  continued  from 
April,  1917.  Proceedings. 
t  Charleston,  W.  Va. 
t  Received  by  the  Secretary,  May  17th,  1917. 
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such  high  contaniination  that  the  results  are  of  no  value  in  the  present      Mr. 
discussion.     The  State  Chemist,  Mr,  Alton  A.  Cook,  in  commenting  on  '^"''"""• 
these  results,  states : 

"That  practically  no  ground-water  enters  the  supply  is  shown  by 
the  figures  for  annuonia,  nitrates,  hardness,  and  alkalinity,  since  typical 
pure  ground-water  would  make  a  greater  decrease  in  the  figures  for  free 
ainmouia  than  is  shown  here,  and  the  analytical  figures  for  nitrates, 
hardness,  and  alkalinity  would  tend  to  be  considerably  increased  under 
these  conditions." 

This  opinion  is  interesting  as  it  is  generally  thought  that  from  20 
to  40%  of  the  water  collected  in  the  Smith  system  at  Parkersburg  is 
ground-water.  In  the  writer's  opinion,  the  samples  represent  very 
special  conditions  which  can  occur  only  when  there  has  been  a  rapid 
rise  in  the  river  following  a  considerable  period  of  low  stage,  during 
which  the  ground-water  has  had  a  chance  to  run  out.  At  Gallipolis, 
Ohio,  and  Owensboro,  Ky.,  where  somewhat  similar  systems  have  been 
adopted,  it  is  claimed  that  they  are  filtering  river  water,  not  ground- 
water, and  it  may  be  that  such  is  the  case  at  Parkersburg.  However, 
at  Xewell,  W.  Va.,  where  the  water  supply  is  obtained  from  submerged 
cribs,  4  ft.  below  the  bed  of  the  river,  the  contrary  is  certainly  true, 
as  shown  by  the  three  analyses  in  Table  G. 

TABLE  6. — Kesults  op  Chemical  Analyses  of  Water,  Newell 
Water-Works. 

(Results,  in  parts  per  million.) 


Date. 


Source. 


Color 

Turbidity 

Total  ash 

Loss  on  ignition. . . 

Free  ammonia 

Alb.  ammonia 

Nitrites 

Nitrates 

Chlorides 

Oxygen  consumed 

Total  hardness 

Alkalinity 

Iron 

Sulphates 


March  19th,  1917. 

River. 

Drilled  well. 

19. 

0. 

220. 

0. 

18U. 

19.5. 

185. 

90. 

0.036 

0.006 

0.11 

O.OH 

0.015 

0. 

0.18 

0.70 

11.8 

10.6 

6.0 

0.50 

59. 

175. 

9.5 

130. 

6.6 

0.5 

72. 

98. 

Tap. 


0. 

0. 
185. 
90. 

0. 

0.012 

0.002 

1.04 

6.9 

0.8 
153. 
95. 

0.05 

0. 


It  is  evident  that,  at  this  to\vn,  from  60  to  80%  of  the  water  is 
derived  from  the  underground-water  stratum,  and  is  not  filtered  river 
water.  Similar  conditions  obtain  at  Chester,  Wellsburg,  and  other 
West  Virginia  towais  along  the  Ohio  River,  which  derive  their  water 
supplies  from  cribs  or  wells  in  the  river  bed.     The  underground  waters 
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along  the  Ohio  in  this  State  are  very  hard,  and  it  is  probable  that 
sufficient  underground  water  is  entering  the  Parkersburg  system  to 
raise  the  hardness  of  that  supply,  during  a  large  portion  of  the  year, 
above  that  of  a  filtered  river  Avater,  such  as  would  be  obtained  by  rapid 
sand  filtration. 

Next,  considering  the  character  of  the  water  from  the  standpoint  of 
turbidity  and  color:  No  analyses  of  the  tap  water  made  at  the  State 
Laboratory  have  ever  shown  either  color  or  turbidity.  The  highest 
turbidity  recorded  by  Dr.  L.  O.  Rose,  of  Parkersburg,  who  made  daily 
tests  throughout  1913  and  frequent  analyses  since  then,  was  15.  This 
followed  a  flood  in  the  Miskindum  River  which  empties  into  the  Ohio 
a  few  miles  above  Parkersburg.  At  the  time  of  the  flood.  Dr.  Rose 
informs  the  writer,  the  results  of  ten  very  careful  determinations  of 
the  turbidity  of  the  Ohio  at  the  filtration  plant  showed  25  000  parts  per 
million,  almost,  if  not  quite,  "straight  mud."  In  the  fall  of  1916,  the 
writer  had  one  of  his  assistant  engineers,  Mr.  Ellis  S.  Tisdale,  visit 
some  200  residences  and  places  of  business  in  Parkersburg  and  inquire 
whether  any  turbidity  had  ever  been  noticed  in  the  city  water  and 
whether  the  water  had  always  been  satisfactory  from  all  other  stand- 
points. Not  a  single  person  interviewed  had  anything  but  praise  for 
the  supply. 

That  the  filtered  water  has  not  been  highly  turbid  at  times  is 
remarkable,  when  some  of  the  details  of  construction  of  the  plant  and 
of  operation  are  considered.  With  the  present  design  there  is  no 
method  of  telling  what  proportion  of  the  water  is  passing  through  each 
filter  unit.  This  is  particularly  dangerous,  when  it  is  considered  that 
the  pumps  suck  the  water  from  the  collecting  manifolds.  Thus,  if  the 
cover  over  any  one  filter  should  happen  to  be  very  thin,  this  unit  would 
be  operated  at  too  great  a  rate.  The  water  should  flow  by  gravity  from 
the  collecting  system  to  the  pump-well,  and  each  filter  unit  should  be 
provided  with  a  rate  controller  or  a  recording  Venturi.  Such  devices 
would  furnish  data  for  the  intelligent  control  of  the  filters.  As  it  is, 
back-flushing  is  now  conducted  with  no  rhyme  or  rhythm,  as  can  be  seen 
clearly  from  an  examination  of  Table  7,  which  shows  a  range  of  from 
only  1  300  000  gal.  pumped  per  flushing  to  more  than  92  000  000  gal. 

The  frequency  with  which  the  filters  are  flushed  at  present  depends 
in  no  way  on  the  quantity  of  water  pumped  or  the  character  of  the 
water.  It  is  the  writer's  opinion  that,  in  the  absence  of  any  control- 
ling devices  on  the  units,  daily  tests  of  the  turbidity  of  the  river  should 
be  made,  which,  combined  with  the  stage  of  the  river,  whether  rising 
or  falling,  and  the  quantity  of  water  pumped,  would  probably  serve  as 
a  basis  for  more  intelligent  filter  operation.  As  it  costs  approximately 
$5.80  per  million  gallons  to  pump  the  water,  and  as  between  40  000  and 
50  000  gal.  are  used  in  a  single  flush,  it  wnll  be  seen  that  back-flushing 
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TABLE  7, 


1914. 

1915. 

1916. 

Mouth. 

No.  of 
Hushinica. 

Gallons 
pumped. 

No.  of 
flushings. 

Gallons 
pumped. 

No.  of 
flushings. 

Gallons 
pumped. 

January 

February 

10 
25 
30 

0 
10 
35 
20 
10 
20 

5 
10 
15 

103  280  000 

118  180  000 
95  690  000 

92  460  000 
9.i  m)  000 

115  170  000 

119  600  000 
105  690  000 
140  mo  000 

91  940  000 

93  770  000 

104  560  000 

10 
80 
30 
45 
60 
10 
15 
40 
75 
10 
15 
15 

113  080  000 

100  HOO  000 

86  910  000* 
88  630  000 

115  880  000 
99  760  000* 
98  760  000 

126  800  000 

101  500  000 
108  690  UOO 

87  610  000 
91  500  000 

85 

75 
25 

40 
20 
5 
95 
60 
47t 
25 
10 
70 

122  8.30  000 
97  560  000 

87  350  000 

April 

113  710  000 

May 

97  970  000 

92  520  OOO 

July 

125  570  OCO 

August 

September  — 

October 

November 

December 

104  300  000 

114  960  000* 
97  880  000 
92  540  000 

115  220  000 

Mr. 
Tolman. 


♦  Meter  stopped. 

+  Filters  cleaned.  '      ' 

has  cost  as  much  as  $100  per  month,  a  figure  which  could  be  reduced 
materially  if  more  thought  were  given  to  the  problem. 

As  to  the  purity  of  the  water  obtained  by  the  so-called  Smith  sys- 
tem, at  Parkersburg:  The  analyses  made  by  Dr.  Rose,  up  to  the 
spring  of  1910,  showed  a  bacterial  efficiency  ranging  from  95  to  100%, 
with  an  average  of  about  98.8  per  cent.  In  the  spring  of  1916,  the 
analyses  made  each  month  by  the  State  Hygienic  Laboratory  began 
to  show  high  bacterial  counts  and  the  presence  of  the  colon  organism 
in  the  filtered  water.  Dr.  Rose  then  started  making  check  analyses, 
and  obtained  similar,  though  less  pronounced,  results.  To  correct  this 
condition,  the  city,  in  June,  1916,  erected,  in  the  pump-house,  a  Wallace 
and  Tiernan  chlorinating  plant.  The  public  has  never  been  advised 
of*  this  fact  for  fear  that  all  manner  of  tastes  and  odors  would  be 
detected  immediately.  The  results  of  the  bacteriological  analyses  have 
been  more  satisfactory  since  chlorination  was  begun,  but  the  count  is 
still  higher  than  it  should  be,  and  the  colon  organism  is  frequently 
encountered  in  10-cu.  cm.  samples.  It  is  possible  that  the  coli  found 
are  entering  at  the  reservoir.  The  water  in  the  reservoir,  owing  to  the 
location  of  the  inlet  and  outlet  pipes,  has  very  little  circulation,  and 
probably  some  of  it  has  stood  there  for  many  months.  Dr.  Rose  informs 
the  writer  that  samples  taken  at  a  depth  have  always  shown  a  marked 
colnii  content. 

In  commenting  on  the  results  of  the  chemical  analyses  (Table  5), 
!M  r.  Cook  states : 

■'In  general,  the  purification  is  lujt  all  that  can  be  desired,  as  shown 
by  tlie  figures  for  ammonia  (free),  nitrates,  and  oxygen  consumed  in 
one  or  more  of  the  last  three  samples.  The  city  drinking  water,  on 
the  whole,  is  of  fair  ([uality,  but  there  is  room  for  improvement,  before 
it  can  be  considered  a  first-class  drinking  water." 
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Mr.  It  may  be  said,  however,  that  Parkersburg  has  a  satisfactory  and 

safe  water  supply  which  is  beiiig  delivered  to  the  consumer  at  very 
low  cost. 

The  writer  has  frequently  heard  the  so-called  Smith  system  of  filtra- 
tion condemned,  on  the  ground  that  it  cannot  produce  a  safe  or  satis- 
factory water.  This,  he  feels,  is  a  mistake.  At  Owensboro,  Ky.,  Galli- 
polis,  Ohio,  Chester  and  Newell,  W.  Ya.,  and  at  other  places  using 
systems  in  many  ways  similar  to  that  at  Parkersburg,  the  water  is 
satisfactory,  both  from  chemical  and  bacteriological  standpoints.  At 
Chester  and  Newell,  the  colon  organism  has  never  been  encountered, 
to  the  writer's  knowledge,  and  yet  no  disinfectant  is  used. 

It  is  the  writer's  opinion  that  the  so-called  Smith  system  of  filtra- 
tion can  furnish  a  satisfactory  water  at  a  low  operating  cost,  provided 
nothing  happens  to  injure  the  system  of  under-drains  in  the  river,  the 
problems  of  proper  back-flushing  being  largely  those  of  design  and 
operation.  It  would  then  appear  that,  other  things  being  equal,  the 
choice  of  the  Smith  system  over  a  rapid  sand  filter  hinges  on  a  gambling 
chance,  the  engineer  betting  that  nothing  will  happen  to  the  collecting 
drains  against  the  high  cost  of  chemicals.  If  he  wins,  the  profit  to  the 
city  is  large,  but,  if  he  loses,  the  city  may  pay  in  life,  as  well  as  in 
dollars  and  cents. 
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THE  RECONSTRUCTION  OF  THE  STONY  RIVER 

DAM 

Discussion.* 


By  Messrs.  Joel  D.  Justin  and  Ross  M.  Eiegel. 


Joel  D.   JusTiN.f   M.   Am.    Soc.   C.   E.    (by  letter).:}: — This   paper    Mr. 
teaches  a  much  needed  lesson;   a  lesson  not  so  much  needed  by  the  ■^"®''"- 
Engineering  Profession   as  by  the  promoters  and  owners  of  projects 
in  connection  with  which  the  construction  of  dams  is  a  feature. 

If  an  owner  is  considering  the  advisability  of  constructing  a  dam, 
there  is  one  way  of  no  regrets  for  him  to  go  about  the  inception  of 
such  a  project.  If  he  is  not  already  in  contact  with  engineers  versed 
in  that  particular  line  of  work,  he  can  readily  meet  them  through 
other  owners  who  have  built  dams.  Having  chosen  his  consulting 
engineer,  the  owner  should  authorize  him  to  make  a  complete  pre- 
liminary report  on  the  project,  including  the  economic  features.  The 
extent  of  such  preliminary  report  and  investigation  should  be  left 
largely  to  the  judgment  of  the  engineer,  just  as  the  number  of  visits 
that  a  doctor  makes  his  patient  should  be  left  to  the  judgment  of  the 
doctor,  and  not  to  that  of  the  patient. 

Of  course,  such  an  engineer  should  have  nothing  to  sell  except 
<(>rvice.  If  the  preliminary  report  is  favorable,  this  ideal  owner  will 
-ay  to  the  engineer : 

"Very  well,  then,  we  will  build  this  structure  as  you  recommend, 
and  you  will  consider  yourself  retained  to  design  the  dam  and 
appurtenant  work,  and  to  supervise  the  construction.     We  will  expect 

•  Discussion  of  the  paper  by  F.  W.  Scheidenhelm,   M.  Am.   Soc.  C.  E.,   continued 
from  May.  1917,  Proceedings. 
t  Chippewa  Falls,   Wis. 
t  Received  by  the  Secretary.   June  25th,   1917. 
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Mr.     50U  to  have  on  the  ground  at  all  times  competent  assistants  to   see 
"**  '"•  that  your  orders  are  executed.     In  this  matter,  Mr.  Engineer,  we  put 
ourselves  entirely  in  your  hands." 

It  is  true  that  the  best  of  engineers  sometimes  make  mistakes.  So 
do  doctors  and  lawyers.  The  difference  is  that  the  two  last  named 
professions  have  an  excellent  opportunity  of  "getting  away  with  it", 
whereas  the  mistakes  of  the  engineer  stare  the  whole  world  in  the 
face,  for  they  can  be  seen  and  photographed.  It  is  probably  for  this 
reason  that  the  business  man,  who  accepts  as  infallible  the  advice 
of  his  lawyer  or  doctor,  questions  and  often  ignores  the  advice  of 
his  engineer.  It  is  certain,  however,  that  if  a  larger  proportion  of 
owners  were  to  follow  the  course  of  action  just  outlined,  there  would 
be  fewer  failures  charged  to  the  Engineering  Profession. 

In  the  case  of  the  Stony  River  Dam,  a  competent  consulting 
engineer  was  retained,  apparently  merely  to  investigate  the  feasibility 
of  the  site.  His  connection  with  the  project  ceased  when  the  contract 
for  the  construction  was  let,  and  he  apparently  had  nothing  to  do 
with  the  design.  Had  he  also  been  retained  to  design  and  supervase 
the  construction  of  the  dam,  it  is  improbable  that  Mr.  Scheidenhelm 
would  now  be  writing  about  its  reconstruction. 

Hollow  dams  of  the  type  used  at  Stony  River  have  manifest  advan- 
tages over  other  types  for  the  conditions  existing  at  the  chosen  site. 
In  many  such  dams  insufficient  attention  has  been  given  to  foundation 
problems.  It  would  almost  appear  that  it  has  been  quite  customary 
to  use  what  may  be  designated  as  stock  designs  without  much  regard 
for  local  conditions,  and  without  very  thorough  sub-surface  inves- 
tigations. 

The  paper  proves  that  the  author  went  into  this  matter  in  a  most 
thorough  and  complete  manner.  Pie  realized  that  a  reconstruction 
of  this  nature  required  as  much  if  not  more  engineering  investigation 
than  an  entirely  new  project.  In  spite  of  his  convincing  hydrological 
study,  Mr.  Scheidenhelm's  provision  for  a  spillway  capacity  of  1  840 
sec-ft.  per  sq.  mile  seems  rather  high.  Much  of  this,  it  is  true,  is 
obtained  by  merely  allowing  spilling  over  the  bulkhead  section  or 
"Intermediate  Spillway."  It  appears  probable,  from  the  author's  study, 
that  the  duration  of  a  flood  when  the  capacity  of  the  original  spillway 
would  be  exceeded  would  be  brief.  Consequently,  it  would  seem 
that  the  author  might  have  saved  the  cost  of  the  down-stream  apron 
on  the  new  spillway.  The  abutments  at  the  east  and  west  ends  of 
the  masonry  structure  might  have  been  raised  several  feet  to  prevent 
water  flowing  over  the  earth,  and  then,  when  the  capacity  of  the 
old  spillway  section  was  exceeded,  discharge  would  take  place  over 
practically  the  entire  width  of  the  dam.  It  would  have  been  necessary, 
of  course,  to  extend  the  tumbling  hearth  for  the  entire  distance.     It 
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woiiUl    pr(il)al)ly    also    luivo    boon    desirable    to    provide    an    additional     Mr. 
apron  to  protect  the  soil  just  down  stream  from  the  dam.  Justin. 

The  author  shows  most  conclusively  that  the  resistance  to  sliding 
of  the  structure  as  originally  built  was  insufficient.  This  condition 
is  no  doubt  (juito  often  the  case  with  existing:  hollow  reinforced 
concrete  dams  built  on  soil  foundations.  In  the  design  of  such 
structures  there  has  often  been  far  too  little  attention  given  to  making 
adecpiate  provision  against  sliding.  The  methods  adopted  by  the 
author  for  increasing  the  resistance  to  sliding  are  most  ingenious 
and  effective.  At  the  same  time  their  execution  must  have  been 
oxponsive. 

After  investigation  the  author  decided  that  the  safe  soil  pressure 
had  already  been  reached,  and  therefore  he  did  not  consider  it  safe 
to  obtain  the  desired  additional  resistance  to  sliding  by  filling  in  with 
earth  on  the  floor  of  the  dam.  This  objection  might  have  been 
overcome  by  extending  the  reinforced  concrete  floor  or  footings  down 
stream  from  the  buttresses  until  the  desired  maximum  soil  pressure 
was  attained.  To  take  the  reaction  from  the  soil  pressure  it  would 
have  been  necessary  to  cantilever  the  buttresses  out  in  a  down-stream 
direction  over  the  additional  floor  or  apron.  This  cantilever  would 
probably  take  the  form  of  a  triangular  addition  to  the  buttresses  at 
their  down-stream  ends.  The  earth  filling,  to  produce  the  necessary 
weight,  would  be  placed  inside  the  dam,  and  the  bulk  of  it  as  far 
up  stream  as  possible,  thus  obtaining  a  lower  maximum  soil  pressure 
per  unit  of  area  at  the  toe  than  if  the  fill  were  evenly  distributed. 

The  two  problems  of  securing  proper  resistance  to  sliding  and 
adequate  cut-ofiF  should  be  handled  as  one,  and  this  the  author  has 
done.  The  construction  of  the  cantilever  heel,  the  underpinning,  and 
the  extension  of  the  original  cut-off  were  clearly  very  expensive.  This 
work,  aside  from  the  mere  grouting  of  leaky  joints  and  of  voids  along 
the  cut-off,  would  be  omitted  in  the  method  the  writer  has  in  mind. 
In  the  case  of  a  dam  on  a  soil  foundation,  the  construction  of  an 
impervious'  cut-off  to  rock  is  frequently  out  of  the  question.  The 
problem  is  more  generally  one  of  introducing  sufficient  frictional 
resistance  to  the  flow  of  water  under  the  dam,  so  that  the  velocity 
of  the  water  issuing  from  the  down-stream  toe  is  insufficient  to  move 
the  foundation  soil.  In  fact,  the  desirability,  in  the  case  of  a  yielding 
soil,  of  a  deep  cut-off  at  the  heel  to  rock  is  open  to  question,  as  it 
produces  a  tendency  to  increase  the  maximum  soil  pressure  at  the  toe. 
The  necessary  frictional  resistance  to  the  flow  of  water  under  the 
dam  is  obtained  by  increasing  the  distance  through  which  the  water 
nmst  flow  before  it  can  escape  at  the  down-stream  toe.  This  may 
bo  obtained  by  (1)  increasing  the  depth  of  the  cut-off,  (2)  by  increasing 
the  width  of  the  base,  (3)  by  a  combination  of  these  two  methods. 
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Mr. 

Justin. 


The  additional  down-stream  floor  or  apron,  suggested  by  the  writer 
as  a  method  of  obtaining  decreased  soil  pressure,  would,  by  increasing 
the  frictional  resistance,  decrease  the  velocity  of  the  water  flowing 
through  the  soil.  This,  however,  would  probably  not  be  sufficient. 
Therefore,  the  writer  would  use  an  up-stream  apron.  The  thickness 
of  this  layer  need  be  only  6  in.  or  indeed  it  might  consist  of  a  few 
layers  of  "Gunite"  on  a  light-mesh  reinforcement,  there  being  slight 
stresses  to  be  resisted.  For  the  typical  section,  the  width  of  this 
apron  should  probably  be  about  100  ft.,  as  it  would  not  be  wise  to 
place  great  dependence  on  the  original  cut-oif.  At  the  junction  of 
the  apron  and  the  heel  there  should  be  a  special  flexible  joint  which 
would  remain  tight  even  if  there  should  be  a  slight  movement  in 
the  dam.  A  small  fill  of  selected  clay  should  also  be  placed  at  this 
point.  The  alternative  for  providing  against  seepage  and  sliding 
here  suggested  is  shown  in  Fig.  39,  the  dimensions  being  merely 
illustrative. 


New  concrete  to  be  exceptionally 
/well  bonded  to  old  buttress. 


Extension  to  old  buttresses. 


t^3  Wrought-i_ron  pipe,  perforated 
}  with  four  %  holes  per  lin.  ft.  one 
I     on  each  quadrant. 


Fig.  39. 


In  outlining  this  method  of  increasing  the  resistance  to  sliding 
and  to  seepage,  the  writer  realizes  that  it  was  doubtless  considered 
by  Mr.  Sheidenhelm.  The  only  reason  for  suggesting  it  is.  that, 
from  the  author's  description,  it  would  appear  that  it  would  have 
been  cheaper  than  the  equally  efficacious  one  adopted. 
Mr.  Eoss  M.  RiEGEL,*  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter ).+— The 
writer  desires  to  commend  the  practice  of  using  a  hypothetical  storm 
with  a  graph  of  the  run-off,  in  determining  spillway  characteristics. 
His  observation  has  been  that,  in  the  design  of  most  dams,  this  deter- 

*  Dayton,  Ohio. 

t  Received  by  the  Secretary,  July  6th,  1917. 
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niiiiatidn  luis  bct'u  largely  a  matter  of  conjecture,  as  is  attested  by  Mr. 
numerous  failures.  The  author's  practice  is  similar  to  that  of  the  "^^^ ' 
Aiianii  Conservancy  District  in  the  design  of  flood-control  dams  for 
the  Miami  Valley  in  Ohio.  In  the  latter  case,  recorded  gauge  heights 
enabled  a  graph  of  the  run-off  to  be  constructed  for  the  great  flood  of 
March.  Iill3.  Vvom  this,  by  the  addition  of  a  margin  of  safety  of 
about  40'''^ ,  another  graph  was  developed  for  the  determination  of  the 
spilhvay  and  outlet  capacities  for  the  dams. 

Although  the  spillway  capacity  of  the  Stony  Eiver  Dam  is  high  as 
compared  with  the  usual  practice,  the  circumstances  of  high  altitude, 
heavy  rainfall,  and  small  drainage  area,  and  the  fact  that  the  dam  as 
reconstructed  must  not  fail,  combine  to  justify  an  attitude  of  great 
conservatism. 

The  essentials  of  dam  construction,  aside  from  spillway  capacity, 
are  a  tight  face  to  retain  the  water,  a  stable  structure  to  maintain  the 
integrity  of  the  face,  and  satisfactory  drainage  facilities  to  carry  away 
any  water  which  may  pass  the  face  or  the  foundation.  In  all  these  essen- 
tials the  original  dam  appears  to  have  been  deficient.  The  tight  face 
was  wanting  by  reason  of  an  insufficient  and  faulty  cut-off;  the  drain- 
age provision  was  such  that  it  was  subject  to  interference  by  freezing 
during  a  great  part  of  the  year ;  and  the  resistance  to  sliding  seenis  to 
have  been  markedly  deficient. 

In  the  reconstruction,  these  faults  have  been  remedied  with  a 
degree  of  thoroughness  not  often  seen.  The  improvements  at  the 
heel,  as  well  as  the  various  extensions  and  underpinning  of  the  cut-off, 
have  corrected  the  faults  in  the  original  face.  In  his  discussion,  Mr. 
Rutenberg  seems  to  have  overlooked  this  point  entirely.  Had  nothing 
been  done  to  improve  the  cut-off,  the  drainage  provisions  of  the  recon- 
structed dam  might  indeed  have  been  insufficient,  and  Mr.  Rutenberg's 
points  would  have  been  well  taken.  The  fact  that  such  leakage  as  did 
occur  after  the  dam  was  refilled  was  readily  checked,  or  checked  itself 
after  a  short  time,  is  ample  testimony  to  the  effectiveness  of  the 
measures  taken. 

The  provision  made  to  protect  the  drainage  outlets  from  freezing, 
namely,  housing  in  the  base  of  the  dam,  savors  of  the  heroic,  but  seems 
to  be  justifiable.  The  author  was  repairing  an  existing  structure,  and 
to  have  developed  an  ideal  system  of  sub-drainage  with  protected  outlets 
below  the  dam  was  evidently  prohibitive  as  to  cost.  Under  the  system 
adopted,  any  seepage  water  will  find  its  readiest  avenue  of  escape 
through  the  weep-holes  or  pipes.  Its  escape  immediately  under  the  foot- 
ing  will  be  practically  prevented  by  the  new  ''toe"  wall.  Moreover,  after 
passing  the  improved  cut-off,  the  motion  of  seepage  water  through  any 
strata  below  this  wall  will  be  so  slow  that  no  erosion  need  be  feared. 

The  provision  of  increased  resistance  against  sliding  seems  to  have 
been  necessary  and  to  have  been  well  worked  out.     The  writer  fails  to 
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Mr._  see  any  better  method  of  remedying  this  defect,  and  feels  that  the 
device  is  worthy  of  imitation.  Although  the  criticism  has  been  made 
that  the  heel-  and  toe-walls  are  too  light  to  carry  the  entire  horizontal 
thrust,  it  seems  to  the  writer  that  such  a  requirement  would  be  exces- 
sive. Their  function  'is  to  add  to  the  resistance  normally  offered  along 
the  top  surface  of  the  foundation  itself,  and,  therefore,  their  strength 
is  doubtless  sufficient. 

On  the  whole,  the  writer  has  been  impressed  by  the  care  and  thor- 
oughness of  the  author's  methods.  He  wholly  fails  to  comprehend  Mr. 
Rutenberg's  criticism,  which  seems  to  have  been  based  on  rather  hasty 
consideration.  For  instance,  his  remark  that  the  dam  is  less  safe  now 
than  before  reconstruction  seems  particularly  unsound,  inasmuch  as  the 
original  dam  failed  after  being  in  ordinary  service  for  G5  days,  and  the 
reconstructed  one  has  now  been  in  service  for  2  years. 
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H.  B.  LvxcH,t  Esq.  (by  letter). :{:^This  method  of  caulking  joints    Mr 


in  cast-iron  pipe  deserves  a  wider  use,  not  only  on  account  of  its 
low  cost,  but  because  it  makes  a  better  joint,  at  least  where  no  con- 
siderable movement  of  the  pipe  is  expected  after  it  is  laid. 

Cement  joints  have  been  adopted  as  standard  at  Glendale,  Cal., 
and  have  been  used  on  10  miles  of  cast-iron  pipe  laid  in  the  past  2 
years.  This  joint  was  not  adopted  until  after  investigation  had  shown 
that  it  is  being  used  with  perfect  satisfaction  in  various  Southern 
California  localities,  and  tests  had  been  made  to  show  its  effectiveness. 
The  results  obtained  at  Glendale  have  been  similar  to  those  described 
in  the  paper.  No  joint  yet  placed  has  shown  permanent  leakage,  and, 
in  only  four,  has  the  presence  of  dampness  been  detected  after  the 
pressure  was  turned  on.     No  joint  has  required  recaulking. 

The  strength  of  this  joint  has  been  shown  at  Glendale  by  several 
incidents  of  various  kinds.  As  a  matter  of  fact,  it  is  customary  for 
the  pipe  crew  to  take  the  greatest  liberty  with  the  pipe  after  the 
joints  are  completed,  as  experience  has  shown  that  a  joint  properly 
made  will  not  be  started  by  quite  severe  treatment.  A  3-mile  pumping 
main  of  20-in.  cast-iron  pipe  recently  completed  was  entirely  laid  up 
with  cement,  at  an  estimated  saving  of  more  than  $3  000.  On  this 
line,  when  a  nipple  was  to  be  caulked  into  a  cross,  it  was  customary 

♦  Discussion   of  the   paper  by   Clark   H.    Shaw,   As.soc.    M.   Am.    Soc.   C.   E.,    con- 
tinued from  May,  1917,  Proceedings. 

t  Mgr.,  Public  Service  Dept.,  Glendale,  Cal. 
t  Received  by  the  Secretary,  May  23d,  1917. 
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Mr.  for  the  men  to  stand  the  cross  on  end  on  the  surface  of  the  ground 
'  and  set  the  nipple  into  the  top  bell,  and  caulk  up  on  the  surface.  The 
nipple  and  cross,  weighing  3  000  lb.  were  then  picked,  up  with  the 
chain  blocks  and  lowered  into  the  trench,  without  waiting  for  the  set 
to  occur.  No  joint  treated  in  this  way  showed  the  slightest  leakage 
or  dampness  under  a  pressure  of  90  lb.  On  one  occasion,  a  20-in.  cross 
had  caulked  into  it  a  plug,  a  reducer,  and  a  20-in.  nipple,  10  ft.  long. 
This  whole  assembly,  weighing  about  4  000  lb.,  was  lowered  into  place 
as  soon  as  caulked,  and  is  at  present  operating  under  a  pressure  of 
90  lb.  per  sq.  in.  without  seepage. 

This  20-in.  line  was  connected  to  a  16-in.  riveted  steel  line.  For 
this  purpose  the  16-in.  line  was  taken  out  of  service  at  8  p.  m.,  and 
put  back  at  4.30  a.  m.  Joints  were  given  4^  hours  to  set.  Out  of  eight 
joints  thus  treated,  one  remained  damp  for  one  day.  One  joint,  where 
the  16-in.  riveted  line  was  caulked  into  a  cast-iron  bell,  dripped  for 
two  days  and  then  took  up  tight.  This  joint  showed  a  face  of  about 
li  in.  between  the  pipe  and  the  bell.  No  other  joint  on  this  job  showed 
any  initial  seepage,  and  all  are  tight  now. 

The  method  of  making  a  joint  in  Glendale  is  much  the  same  as 
that  described  in  the  paper.  After  yarning,  the  joint  is  rammed  full 
of  slightly  damp  cement.  Great  care  is  taken  to  caulk  this  first  ring 
of  cement  thoroughly,  as  this  is  the  greatest  factor  in  a  successful  joint. 
No  bead  is  now  used,  as  no  difference  in  results  is  noted  when  this 
is  omitted.  After  caulking,  the  joints  are  covered  with  earth  for 
protection  against  the  sun. 

The  tools  used  are  slightly  wider  than  those  used  for  caulking 
with  lead. 

In  spite  of  the  strength  of  the  joint,  its  removal  is  surprisingly 
easy.  At  different  times,  20-in.  plugs  have  been  taken  out,  and  there 
has  not  been  the  slightest  difficulty  where  the  method  described  in 
the  paper  was  used.  To  caulk  a  joint  of  this  size  the  writer  allows 
about  one  hour's  time  of  one  man. 

Mr.  Edward  K.  Bowen,*  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). f— The 

'  writer  has  read  this  paper  with  keen  interest.  It  gives  in  admirable 
detail  the  results  of  an  extended  experience  in  handling  the  cement 
joint  in  cast-iron  pipe  construction.  The  advantages  of  this  type  of 
joint  have  not  been  generally  realized  among  water-works  engineers. 
It  is  not  only  less  expensive  than  the  lead  joint,  but,  in  some  ways, 
distinctly  better. 

As  protection  against  electrolysis  it  is  almost  a  perfect  insulator. 
Tests  made  at  the  Long  Beach  Water  Department  yards  showed  thr 

*  Los  Angeles,  Cal. 

t  Received  by  the  Secretary,  June  11th,  1917. 
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resistance  of  cement  joints  on  an  8-in.  lino  to  be  nearly  19  ohms,  Mr. 
or  more  than  three  times  the  resistance  of  the  ordinary  lead  joint. 
Because  of  the  high  resistance,  mider  ordinary  electrolytic  conditions, 
e-xtreniely  small  currents  could  travel  along  the  pipe  line.  Tests  were 
made  in  Long  Beach  in. the  vicinity  of  an  electric  railway  sub-station 
to  determine  the  quantity  of  current  carried  by  the  water-pipe  lines, 
la  this  particular  location  there  were  cast-iron  lines  with  both  lead 
and  cement  joints.  The  position  of  the  pipe  lines  with  respect  to 
tlieir  susceptibility  to  electrolytic  action  was  practically  the  same. 
An  appreciable  flow  of  current  was  discovered  in  the  pipe  lines  with 
the  lead  joints,  and  a  very  much  smaller  flow  was  noted  in  the  line 
with  the  cement  joints.  In  the  latter  instance,  however,  the  same 
drop  in  potential  could  be  obtained  by  inserting  the  connections  in 
-the  soil  at  the  same  distance  apart  as  they  were  applied  to  the  pipe 
lines. 

In  the  writer's  opinion,  the  success  or  failure  of  the  cement  joint 
depends  solely  on  the  method  used  in  its  construction.  It  is  extremely 
important  to  have  as  little  moisture  in  the  cement  as  possible.  The 
mixture  described  in  the  paper  has  proved  to  be  entirely  satisfactory, 
and  care  should  be  taken  to  avoid  using  more  moisture  than  is  there 
recommended.  If  more  water  is  used  the  cement  in  setting  shrinks 
away  from  the  pipe,  resulting  in  a  leaky  connection. 

Tables  G  and  7  have  been  prepared  to  illustrate  the  relative  costs 
of  the  two  types  of  joints.  Table  6  is  based  on  the  data  in  the  paper. 
Table  7  is  based  on  the  cost  data  assembled  by  the  Los  Angeles  City 
Water  Department. 

TABLE  6. — Cost  of  Cement  Joints. 


L.    ^ 
i.    = 

J0TE. 

Cement. 

Labor. 

u 
P. 

m 

oft 

s  . 

1^ 
«-  o 

CJ3 
O. 

i2 

o 

0 

4 
() 
8 

10 
12 
14 
16 
18 
20 
Zi 

0.14 
0.19 
0.24 
0.43 
0.51 
0.58 
0.66 
0.78 
0.80 
0.95 

$0,008 
0.011 
0.014 
0.026 
0.031 
0.035 
0.040 
0.044 
0.048 
0.057 

24 

18 
14 
11 
8 
7 
6 
5 
4 
3 

$0,042 
0.05fi 
0.071 
0.091 
0.125 
0.143 
0.107 
0.2(10 
0.250 
0.333 

50 
42 
84 
28 
24 
20 
17 
14 
11 
7 

$0,055 
0.065 
0.081 
0.098 
0.115 
0.138 
0.162 
0.196 
0.250 
0.393 

$0,105 
0.132 
0.167 
0.215 
0.270 
0.315 
0.368 
0.440 
0.548 
0.783 
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TABLE  7. — Cost  of  Lead  Joints. 
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16 
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0.096 
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12 

20 
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0.8 
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0.130 

0.2t)4 

1.632 

14 

24 

1.440 

0.85 

0.051 
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0.310 

1.945 

16 

29 

1.740 

1.0 

0.060 
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0..324 

2.298 

18 

31 

1.860 

1.1 

0.066 
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0.360 

2.472 

20 

35 

2.100 

1.3 

0.078 

0.210 

0.432 

2.820 

24 

40 

2.400 

1.5 

0.090 

0.240 

0.492 

3.222 

Mr.  George  W.  Pracy,*  Assoc.  M.  A^si.  Soc.  C.  E.  (by  letter). f — Several 
Pracy.  j^Qj^^j^g  ^go  the  Spring  Valley  Water  Company  laid  4  730  ft.  of  4-in., 
900  ft.  of  6-in.,  and  827  ft.  of  8-in.  cast-iron  bcll-and-spigot  pipe,  with 
cement  joints. 

The  cement  was  mixed  by  one  man  who  handed  it  around  to  the 
two  or  three  men  making  the  joints.  No  caulking  was  done  on  the 
joints,  the  cement  being  tamped  by  hand  with  a  caulking  iron.  After 
the  joint  was  full,  a  bead  was  put  on  around  the  face  of  the  bell.  Xeat 
cement  was  used.  Just  as  little  water  as  possible  was  added  in  mixing. 
When  ready  for  use,  the  wet  cement  was  still  dry  enough  to  crumble 
when  handled.  The  first  few  joints  w^ere  filled  with  a  wet  mix,  with 
the  result  that,  in  these  joints,  the  cement  shrunk  away  from  the  iron, 
and  all  the  joints  had  to  be  remade.  As  an  experiment,  one  of  the 
8-in.  joints  was  caulked  hard,  using  an  extra  dry  cement.  This  gave 
a  good  joint,  but  not  better  than  the  others,  and  it  took  twice  as  long 
to  make. 

AVater  was  turned  into  the  pipes  48  hours  after  the  last  joint  was 
made.  For  the  first  day  nearly  every  joint  leaked.  After  that,  they 
took  up  rapidly  and,  at  the  end  of  1  week,  all  were  tight. 

The  pipe  was  laid  in  five  sections  of  about  1  300  ft.  each.  All  but 
one  section  was  tested  by  measuring  the  quantity  pumped  into  the 
section  during  a  given  period.  Tests  were  made  after  the  pipe  had 
been  under  ordinary  working  pressure  for  about  1  week  to  10  days. 
For  the  first  section  laid,  this  leakage  was  J  gal.  per  lin.  ft.  of  pipe 
joint  per  24  hours.  The  second  leaked  so  slowly  that  the  leakage 
could  not  be  measured.  The  last  two  sections  laid  were  absolutely 
tight.     The  lines  were  pumped  to  pressure  and  left  standing,  in  one 


*  San   Francisco,   Gal. 

t  Received   by  the  Secretary,   July  30th, 
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casi\  for  A  hour  ami  in  tho  other  case  for  9A  liours,  without  any  drop    Mr. 

in   pressure.     The   C-in.   pipe   seetion   eouhl   not  he   tested,   as   it   was    ^^''^' 

necessary  to  put  it  into  use  ininiediatelj'. 

The  {[uantity  of  cement  used  was  as  follows: 

Quantity 
No.  of  of  cement, 

joints.  Size.  in  pounds. 

187 4-in.  ^ 

2 ."i-in.  ' 750 

12 S-in.  > 

78 ()-in 360 

168 4-in.?  .  -,. 

86 8-in.; ^  '^'' 

These  figures  include  all  waste.  On  an  averaj^e  the  4-in.  joints 
took  ahout  4  lb.,  the  6-in.  joints  5  lb.,  and  the  S-in.  joints  from  7  to  8 
lb.  These  figures  are  rough  approximations,  based  on  tlie  theoretical 
c|uantity  necessary  for  a  joint  of  each  size. 

The  fire  hydrants  on  the  line  were  set  with  lead  joints,  as  it  was 
feared  that  the  vibration  of  the  hydrants,  when  in  use,  would  break 
the  cement  joints. 

The  lines  have  given  entire  satisfaction. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

INSTITUTED     1852 


PAPERS  AND  DISCUSSIONS 

This  Society   is  not  responsible  for  any  statement  made  or  opinion   expressed 
in  its  publications. 


:\irLTIPLE-ARCH  DAMS 
ON  HUSH  CREEK,  CALIFOENIA 

Discussion.* 


BV     ^flCSSKS.     F.     W.     SCHEIDEXHELM,     EdWARD     WeGMANN,     WaLTER     J. 

Doi-GLAS,    Edwin    Duryea,    L.    H.    Nishkian,    Gardner    S. 
Williams,  and  George  W.  Howson. 


F.  W.  Scheidenhel:m,+  M.  Am.  Soc.  C.  E. — The  author  has  pre-  Mr. 
sented  an  interesting  and  detailed  analysis  of  certain  features  of  helm. 
multiple-arch  dam  design  in  such  a  manner  as  to  deserve  the  apprecia- 
tion of  the  members  of  the  Profession  interested  in  dam  design  and 
construction.  In  addition  to  the  general  analysis,  he  has  given  an 
outline  of  the  special  features  pertaining  to  the  design  and  construc- 
tion of  the  two  ijarticular  multiple-arch  dams  at  Gem  Lake  and  Agnew 
Lake.  Essentially,  however,  the  paper  is  general  in  its  character  and, 
correspondingly,  this  discussion  will  also  be  mainly  of  a  general  nature. 

The  multiple-arch  dam,  like  the  flat-deck  dam,  belongs  to  what  one 
might  call  the  family  of  hollow  dams.  The  multiple-arch  type  differs 
from  the  flat-deck  type  (of  which  the  Ambursen  dam  is  the  most 
familiar)  primarily  in  the  method  of  transferring  the  water  load  to 
the  supporting  buttresses.  Both  types  involve  relatively  high  unit 
costs  for  the  concrete  work  required.  Accordingly,  they  find  greatest 
favor  in  situations  where  it  is  proposed  to  build  dams  of  concrete,  but 
where  the  cost  of  cement  is  high.  The  dams  at  Gem  and  Agnew  Lakes 
are  eases  in  point,  for  there  the  average  cost  of  cement  delivered  at 
the  site  of  the  work  is  reported  to  have  been  $7.50  per  bbl.  Apparently, 
only  rock-fill  dams,  but  not  solid  masonry  dams,  were  considered  as 
alternatives  for  multiple-arch  dams  for  the  sites  mentioned.  It  seems 
evident,  however,  that,  had  solid  masonry  dams  been  built,  the  high 

•  Discussion    of   the   paper   by   L..    R.    Jorgensen,    M.   Am.    Soc.    C.    E.,    continued 
from  May,  1917,  Proceedings. 
t  New  York  City. 
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Mr.  cost  of  cement  would  have  more  than  offset  the  relatively  high  cost  of 
heinK°  the  form  work  required  for  the  multiple-arch  dams. 

As  to  hollow  dams,  there  appear  to  be  two  principal  points  which 
require  careful  attention,  namely,  the  protection  of  reinforcing  steel 
and  the  tendency  to  skimp  the  sizes  of  the  structural  members.  In  the 
first  respect,  the  multiple-arch  type  has  a  decided  advantage  over  the 
flat-deck  type,  in  that  it  requires  a  much  smaller  quantity  of  steel. 
Consequently,  there  is  so  much  less  steel  which  might  be  placed  in 
danger  of  corrosion,  and  it  is  so  much  the  easier  to  protect  the  steel. 
Again,  the  multiple-arch  dam  permits  the  use  of  longer  spans,  say, 
from  20  to  50  ft.  between  centers  of  buttresses,  as  compared  with  cor- 
responding spacings  for  the  flat-deck  type  of  from  15  to  30  ft. 

On  the  other  hand,  the  cost  of  form  work  for  the  multiple-arch  dam 
is  somewhat  greater  than  that  for  the  flat-deck  type,  and,  what  is  more 
important,  the  nmltiple-arch  dam  is  more  susceptible  to  difficulties  and 
damage  in  case  of  settlement  of  the  footings.  The  arches  cannot  with- 
stand as  much  racking  as  flat-deck  slabs.  The  author  points  out  that 
he  provides  struts  to  take  care  of  the  unbalanced  arch  thrust  which 
would  result  if  one  or  more  arches  or  bays  were  to  fail.  Of  course,  a 
dam  is  intended  not  to  fail,  and,  hence,  one  is  concerned  more  with 
precautions  against  failure  than  with  measures  to  be  taken  in  case  of 
failure.  Even  from  the  latter  point  of  view,  however,  the  value  of  the 
struts  would  be  problematical  were  they,  in  case  of  failure  of  the 
adjacent  arches,  to  be  subject  to  the  impact  of  floating  ice,  tree  trunks, 
or  other  debris.  Moreover,  it  would  seem  that  the  struts  might  become 
overloaded  due  to  blocking  the  passage  of  such  debris,  and  thus  induce 
failure  in  lateral  flexure. 

After  all,  it  appears  to  the  speaker  that,  in  the  case  of  the  multiple- 
arch  dam,  one  must  insist  on  unyielding  foundations.  Fortunately, 
there  seems  to  be  no  deficiency  in  bearing  value  on  the  part  of  the 
foundations  of  the  dams  on  Rush  Creek. 

It  is  not  surprising  to  find  that  the  use  of  the  multiple-arch  dam 
dates  far  back  of  that  of  the  flat-deck  type,  at  least  in  so  far  as  the 
construction  of  the  latter  in  reinforced  concrete  is  concerned.  The 
most  conspicuous  example  is  that  of  the  Meer  Alum  multiple-arch  dam, 
built  in  India  a  century  or  more  ago.  This  dam,  referred  to  by  Mr. 
Flinn,  has  a  height  of  about  45  ft.,  and  involves  astounding  span 
lengths,  varying  from  70  to  147  ft.  The  arches  are  plain,  and  are  built 
of  brick  in  lime  mortar.  New  South  Wales  boasts  of  a  dam,  the 
Belubula,  in  which  the  spandrels  of  the  arches  are  filled  in  with 
masonry,  thus  making  impossible  radial  action  of  the  water  pressure. 

In  the  United  States  there  are,  i^erhaps,  a  dozen  multiple-arch  dams, 
the  most  familiar  of  which  heretofore  have  presumably  been  those 
built  under  the  design  and  direction  of  John  S.  Eastwood,  M.  Am. 
Soc.  C.  E.    The  Eastwood  multiple-arch  dams  seem  to  differ  from  those 
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Fig.  19. — Los  Ver.tkis  Dam.   Xkai;  Oroville,  Cal. 


Fig.   20. — Down-.stream   View   of   Los   Ver.tels   Dam. 


Fig.   21. — Down-stream  View  of  New   Big   Bear  Vai^i.ey   Dam. 
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(li'si^'ii(-d  I>y  the  author  essentially  as  regards  the  treatment  of  the  Mr. 
arehes  near  the  crest.  Mr.  Jorgensen  uses  an  elliptical,  ratlier  than  a  *^l,eim^" 
circular,  form  for,  say,  the  upper  15  ft.  of  each  arch  or  panel,  whereas 
Mr.  Eastwood  apparently  prefers  to  retain  circular  arches,  even  near 
tlie  crest,  and,  to  this  end,  has  made  the  arch  axes  vertical  for  the 
upper  portions  of  the  panels  of  certain  of  his  dams.  Of  this  design  are 
tlie  dams  at  llume  Lake  and  Bear  Valley.  California. 

The  siieaker  has  not  had  the  privilege  of  visiting  either  of  the  dams 
described  by  the  author,  but  has  had  the  opportunity  of  inspecting  the 
tiO-ft.  high  multiple-arch  dam  of  the  Los  Verjels  Land  and  Water 
Company,  near  Oroville,  Cal.  This  dam  is  illustrated  in  Figs.  19  and 
'20.  The  former  is  a  view  along  the  spillway  crest.  Incidentally,  it 
emphasizes  the  lack  of  adequate  spillway  capacity.  This  is  shown  by 
the  erosion  which  is  apparent  at  the  opposite  bank. 

Fig.  20,  a  view  from  down  stream,  shows  the  buttresses  and  bracing 
to  be  relatively  slim,  to  such  an  extent,  in  fact,  as  to  afford  to  the  eye 
no  impression  of  stability. 

The  Bear  Valley  Dam,  Fig.  21,  makes  quite  a  contrary  impression, 
and,  though  the  product  of  the  same  designer,  governed  as  he  apparently 
was  by  the  financial  ability  of  the  respective  clients,  is  of  pleasing 
appearance  and  proportions.  Even  in  this  case,  the  speaker  would 
prefer  a  system  of  bracing  between  buttresses  consisting  of  relatively 
deep  (vertically)  beams  or  walls.  Such  deeper  beams  would  certainly 
afford  greater  stiffness,  and,  moreover,  would  tend  toward  a  better  dis- 
tribution of  the  load  on  the  footings.  In  other  words,  with  the  buttresses 
well  braced,  any  deflection  or  settlement  of  the  different  footings  would, 
of  necessity,  be  practically  equal,  and  hence  the  firmer,  less  yielding, 
foundation  material  would,  as  is  desirable,  take  more  load  per  unit  of 
area  than  the  less  firm  portions.  The  last-mentioned  advantage  of  the 
deeper  bracing  beams  is,  to  be  sure,  of  little  value  in  foundations  where 
the  deflection  under  load  is  inappreciable. 

Turning  now  to  the  details  of  the  paper,  the  speaker  is  inclined  to 
think  that  the  multiple-arch  dam  may  properly  be  applied  even  more 
widely  than  the  author  claims,  for  he,  by  implication,  limits  its  utility 
to  locations  where  "the  foundation  is  solid  rock."  Nevertheless,  the 
multiple-arch  dam  is  not  entirely  free  from  the  ills  of  other  dams. 
More  particularly  the  speaker  cannot  agree  with  the  general  statement 
of  the  author  that  "there  is  no  hydrostatic  uplift  to  amount  to  any- 
thing acting  on  a  dam  of  this  type."  Although  not  obsessed  with  such 
a  fear  of  uplift  pressure  as  is  shown  by  some  engineers,  the  speaker 
insists  that  the  possibility,  and  often  the  certainty,  of  uplift  pressure 
must  be  recognized. 

In  the  absence  of  more  definite  information,  the  allowance  made 
for  uplift  pressure  must  be,  of  necessity,  a  matter  of  judgment.  Cer- 
tainly, however,   in   the  case  of  a  foundation  material   which,   where 
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Mr.  unbroken,  is  impervious,  but  contains  approximately  horizontal  lamina- 
^heiiii'"  tions,  it  must  be  admitted  that  uplift  pressure  may  exist  in  such  lamina- 
tions or  seams.  Under  such  circumstances,  the  effect  of  the  uplift 
pressure  would  be  practically  the  same  as  if  the  footings  of  the  but- 
tressed hollow  dam  were  continuous,  with  uplift  pressure  existing  in 
the  plane  of  contact  of  the  footings  with  the  surface  of  the  foundation 
material.  Manifestly,  with  rock  of  the  characteristics  previously  sug- 
gested, a  buttressed  hollow  dam,  such  as  the  multiple-arch  dam,  has  no 
advantage  over  the  solid  masonry  dam,  except  to  the  extent  that,  by 
reason  of  the  details  of  construction,  it  may  be  a  simpler  matter  ade- 
quately to  drain  the  underlying  foundation  material  and  thus  relieve 
any  uplift  pressure. 

As  regards  sliding,  also,  the  speaker  feels  that  it  is  unwise,  and,  in 
some  instances,  has  been  fatal,  to  consider  a  dam  apart  from  its  under- 
lying foundation  material.  The  foundation  material,  or  substructure, 
must  act  as  a  unit  with  the  dam  body,  or  superstructure,  if  the  desired 
object  of  constructing  a  safe  dam  is  to  be  attained.  The  speaker  does 
not  intimate  that  either  of  the  multiple-arch  dams  described  by  the 
author  is  in  the  least  unsafe  as  regards  either  uplift  pressure  or  slid- 
ing. However,  he  does  feel,  for  instance,  that  it  is  not  sufficient  to  aim 
for  a  safe  shearing  resistance  at,  or  near,  the  base  of  a  buttress,  but 
believes  that  it  is  fully  as  important,  and  in  many  cases  even  more  diffi- 
cult, to  design  so  as  to  obtain  safe  resistance  to  shear  or  to  sliding  witliin 
the  foundation  material  itself  at  planes  or  laminations  just  below  the 
base  of  the  footings. 

That  these  considerations  are  not  far-fetched  is  shown  by  the  fail- 
ures of  such  dams  as  those  at  Austin,  Tex. ;  Lock  26,  Ohio  River,  and 
Austin,  Pa.  In  the  first  two,  at  least,  sliding  took  place  within,  and  not 
on,  the  foundation  rock. 

The  speaker  has  not  found  in  the  paper  any  specific  description  of 
the  foundation  material,  but  the  author  characterizes  it  as  "bed-rock 
worn  clean  by  glacial  action",  and  this  statement  in  itself  leads  one  to 
believe  that  the  foundation  conditions  are  fortunate,  and  that  probably 
no  harmful  laminations  exist. 

Finally,  the  speaker  believes  it  would  be  interesting  to  others,  as 
well  as  to  himself,  if  the  author  were  to  share  with  his  fellow  engineers, 
somewhat  more  specifically  and  in  more  detail,  his  views  as  to  the  effect 
of  the  time  interval  (elapsing  between  the  occurrence  of  maximum  and 
minimum  temperatures)  as  regards  lessening  the  formation  of  tem- 
perature cracks. 

Mr.  Edward  Weomann,*  M.  A:m.  Soc.  C.  E. — Although  the  multiple-arch 

egmann.  ^^^  -^^^  ^^^^  lately  come  into  prominence,  this  type  was  adopted  for 

the  Meer  Alum  Dam,  in  India,  more  than  a  century  ago.     This  dam, 

*  New  York  City. 
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which  is  ahout  h  niilt'  loiiy,  is  built  in  plan  on  a  curve,  convex  up  stream,        Mr. 
and  consists  of  twenty-one  smaller  arches,  having  spans  of  from  70  ^^^™*"" 
to  147  ft.     The  dam  is  39  ft.  high  and  has  vertical  faces  on  both  sides, 
except  near  its  crest,  where  the  down-stream  face  is  stepped  up  stream, 
ill  order  to  reduce  the  top  width. 

The  Bclubula  Dam,  in  New  South  Wales,  was  built  about  1898. 
It  is  431  ft.  long,  and  has  a  maximum  height  of  about  60  ft.  The 
lower  jiart  consists  of  a  mass  of  concrete  from  1  to  23  ft.  deep.  The 
upper  part  is  of  brickwork,  and  has  a  height  of  36  ft.  9  in.  In  the 
central  part  of  this  brickwork  there  are  six  buttresses,  28  ft.  from 
center  to  center.  Between  these  buttresses  there  are  five  vertical, 
cllii'tieal  arches,  inclined  down  stream  at  an  angle  of  60  degrees.  The 
spandrels  between  the  arches  are  filled  with  concrete  which  covers 
the  crown  of  the  arches  to  a  depth  of  12  in.,  and  joins  the  side-walls 
of  the  dam,  which  are  of  concrete.  As  far  as  the  speaker  knows,  these 
two  multiple-arch  dams  are  the  only  ones  of  this  type  which  were 
built  until  recent  years. 

In  1807,  Henry  Goldmark,  M.  Am.  Soc.  C  E.,  proposed  to  build 
a  multiple-arch  dam  of  concrete  at  Ogden,  Utah.*  This  dam  was  to 
be  369  ft.  long  and  105  ft.  high  above  the  foundation  at  the  center  of 
the  valley.  According  to  Mr.  Goldmark's  plan,  the  dam  was  to  consist 
of  a  number  of  piers,  16  ft.  wide  and  32  ft.  apart  in  the  clear.  Alter- 
nate bids  obtained  for  building  the  dam  in  the  manner  described,  or, 
as  an  ordinary  "gravity  dam",  showed  a  saving  of  from  12  to  15% 
in  favor  of  the  former  plan.  Mr.  Goldmark  proposed  to  make  the 
thin  vertical  arches  of  the  multiple-arch  dam  water-tight  by  placing 
a  lining  of  sheet  steel  on  their  up-stream  side. 

About  1900,  the  speaker  was  retained  to  design  a  multiple-arch 
dam,  160  ft.  high,  which  was  to  be  built  in  Virginia,  near  Washington, 
D.  C.  According  to  the  preliminary  estimates,  this  type  was  found 
to  be  about  15%  cheaper  than  a  gravity  section.  Water-tightness  was 
to  he  insured  by  coating  the  up-stream  side  of  the  dam  with  asphalt. 
Owing  to  the  practical  difficulties  which,  might  have  been  involved 
in  building  a  multiple-arch  dam  160  ft.  high — a  type  which,  at  that 
time,  had  only  been  used  for  two  low  dams — the  speaker  advised  his 
clients  to  construct  a  gravity  dam.  As  the  promoters  of  the  project 
could  not  secure  the  required  financial  means,  the  dam  was  not  built 
at  that  time. 

George  L.  Dillman,  M.  Am.  Soc.  C.  E.,  has  demonstrated,  mathe- 
matically, the  saving  that  can  be  effected  by  building  a  dam  of  the 
multiple-arch  type.f  He  proposed  to  give  the  arches  between  the 
piers  a  parabolic  section,  so  as  to  avoid  all  re-entrant  angles. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XXXVIII,  pp.  291,  302    (December,   1S97). 
^Transactions,  Am.  Soc.  C.  E.,  Vol.  XLIX,  p.  94  (December,  1902). 
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Mr.  It  is  only  of  late  years  that  a  number  of  multiple-arch  dams  have 

We^mann.    ^^^^^  ^^^^_ 

In  1908  John  S.  Eastwood,  M.  Am.  Soc.  C.  E.,  of  Fresno,  Cal., 
built  the  Hume  Lake  Dam,  in  the  Sierra  Nevada  Mountains,  as  a 
multiple-arch  dam  of  concrete.  The  dam  is  677  ft.  long  and  about 
60  ft.  high  and  consists  of  twelve  vertical  circular  arches  which  are 
supported  by  thirteen  buttresses.  At  each  end  of  the  dam,  a  wall, 
like  a  core- wall,  is  built  into  the  side  of  the  valley.  In  1910  and 
1911,  Mr.  Eastwood  built  a  similar  dam  about  200  ft.  down  stream 
from  the  Bear  Valley  Dam,  in  California.  It  has  a  length  of  350  ft. 
and  a  maximum  height  of  91.5  ft.  above  the  foundation.  In  this  case, 
bids  were  obtained  for  building  a  rock-fill  dam  having  a  reinforced- 
concrete  curtain,  and,  also,  for  an  arched  gravity  dam  of  concrete.  The 
multiple-arch  dam  proposed  by  Mr.  Eastwood  was  found  to  be  the 
cheapest  and  was  adopted. 

A  few  more  multiple-arch  dams  have  been  built.  Two  of  these — 
the  Gem  Lake  Dam,  700  ft.  long  with  a  maximum  height  of  112  ft. 
above  the  foundation,  and  the  Agnew  Lake  Dam,  30  ft.  high  and 
280  ft.  long,  were  designed  by  the  author.  Mr.  Jorgensen,  however, 
has  not  only  given  an  interesting  account  of  how  these  dams  were 
constructed,  but,  also,  a  very  complete  analysis  of  the  stresses  in 
multiple-arch  dams.  The  speaker  compliments  him  on  his  excellent 
paper  which  will  be  of  value  to  all  engineers  who  have  to  design 
such  dams. 

Mr.  Walter  J.  Douglas,*  M.  Am.  Soc.  C.  E. — About  7  years  ago  the 

speaker's  firm  designed  and  built,  in  the  Adirondacks,  the  Garoga  Dam, 
a  nmltiple-arch  structure  having  a  200-ft.  spillway  of  the  gravity 
type.  The  concrete  arches  are  60  ft.  high,  and  their  thickness  at  the 
top  is,  2  ft.  increasing  to  4  ft.  at  the  bottom.  There  was  no  difficulty  in 
taking  care  of  the  thrust,  the  foundation  being  of  good  slate,  strong 
enough  to  take  the  concentrated  load  transmitted  by  the  buttresses. 
The  economy  of  the  multiple  arch  was  found  to  be  small  when  its  cost 
was  compared  with  that  of  the  gravity  section  used  for  the  spillway. 
The  speaker  thinks  that  in  most  cases  where  the  cost  of  skilled  labor 
is  high  and  material  is  cheap,  the  ordinary  gravity  type  is  about  as 
cheap  as  the  multiple  arch.  The  difficulties  of  constructing  thin  arches, 
such  as  those  shown  in  the  paper,  often  more  than  offset  the  saving  in 
material. 

The  speaker's  firm  has  made  a  great  many  designs  of  dams  since 
the  Garoga  Dam  was  built,  but  has  only  constructed  one  other  of  the 
multiple-arch  type.  This  was  the  Peck's  Lake  Dam,  built  near  the 
same  locality  as  the  Garoga  Dam.  The  height  of  the  arches,  above 
the  surface  of  the  ground,  varies  from  25  to  45  ft.     As  far  as  the 

*  New  York  City. 
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spoaktM-  lsiu)\vs,  tliiri  iti  the  only  niultiplu-areli  dam  which  has  not  been  Mr. 
hiiilt  on  a  rock  foundation.  The  foundations  were  of  slightly  indurated  ''°"^''"' 
sand  and  gravel,  hut  not  hardpan.  The  pressure  is  distributed  by  rein- 
forced concrete  slabs  at  the  toe  of  the  buttresses.  As  a  security  against 
li()rizi>ntal  movements,  the  arches  penetrate  about  10  ft.  into  the 
ground,  where  they  are  loaded  imifornily  by  the  reaction  of  the  soil, 
and,  therefore,  they  are  catenary  in  tension.  This  part  of  the  arches 
is  heavily  reinforced  with  steel  rods,  which  are  well  bonded  into  the 
buttresses.     This  arrangement  worked  out  very  satisfactorily. 

The  dams  described  by  the  author  are  very  interesting,  but,  the 
siieaker  believes,  they  are  not  conservatively  designed.  All  engineers 
who  are  interested  in  the  development  of  reinforced  concrete,  as  applied 
to  structures  other  than  buildings  and  bridges,  know  that  every  once 
in  a  while  something  "gets  by."  Tanks  have  been  built  in  recent 
years,  which  are  4  in.  thick  at  the  top,  8  in.  at  the  bottom,  and  more 
than  100  ft.  high,  but  the  speaker  thinks  that  is  no  justification  for 
Iniilding  similar  ones.  He  believes  that  both  the  arches  and  the  but- 
tresses of  the  dams  shown  in  the  paper  are  unnecessarily  thin. 

The  speaker  cannot  see  how  the  triangular  girder,  mentioned  on 
page  417,*  will  take  up  the  unbalanced  thrust  of  tho  arches  if  one  of 
them  should  fail^  and  would  ask  for  more  detailed  information  on 
this  point. 

The  most  serious  objection  which  can  be  raised  against  multiple- 
arch  dams  is  the  fact  that  failure  of  one  unit  will  destroy  the  stability 
of  the  whole  structure.  The  speaker  believes  that  an  occasional  abut- 
ment buttress,  similar  in  purpose  to  the  abutment  piers  of  arch  bridges, 
consisting  of  a  series  of  spans  should  be  introduced  in  the  design  of 
multiple-arch  dams  having  a  large  number  of  arches. 

On  page  41G,*  the  author  says: 

"The  total  vertical  load  on  the  section  shown  in  Fig.  6  is  seen  to 
be  0  382  tons,  and  the  horizontal  w^ater  pressure,  5  062  tons,  both 
on  a  40-ft.  span.  If  the  coefficient  of  friction  is  taken  at  0.75,  it 
is  seen  that  the  actual  shear  along  the  base  amounts  to  only 
0  062  —  6  332  X  0.75  =  313  tons.  There  is  considerable  steel  in 
the  section  to  help  take  up  this  shear,  and,  therefore,  it  was  not  deemed 
necessary  to  eliminate  the  shear  entirely." 

This  statement,  the  speaker  believes,  is  incorrect.  The  shearing 
resistance  of  an  elastic  .solid  is  an  elastic  attribute  of  the  material. 
The  deformation  caused  by  shearing  forces,  if  within  proper  limits, 
will  disappear  after  the  actuating  forces  have  been  discontinued.  The 
frictional  resistance  is  of  an  entirely  diflFerent  nature,  and  can  act 
only  after  the  section  has  failed  under  shear.  The  resisting  friction 
can  be  developed  only  by  minute,  but  measurable,  movements  of  ad- 
jacent planes.     This  movement  is  progressive,  that  is,  the  dislocation 

*  Proceedings,  Am.  Soc.  C.  E.,  March,   1917. 
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Mr.      caused  by  the  forces  resisted  by  friction  will  not  disappear  when  the 
oug  as.  structure  is  relieved  of  load,  and  a  second  application  will  necessitate 
a  further  movement.    In  designing  one  should  rely  on  shear  or  on  fric- 
tion, and  not  on  both. 

As  regards  the  determination  of  the  direct  stresses,  the  speaker 
would  state  that  the  stress  computed  by  the  author  on  page  417,* 
acting  on  planes  at  right  angles  to  the  resultant,  is  not  necessarily  the 
maximum  compressive  stress,  and  that  methods  are  now  available  for 
computing  the  principal  stresses  in  a  buttress  quite  accurately.f 

The  speaker  has  made  the  foregoing  criticism  because,  as  the 
author  correctly  states  on  page  402,*  "the  stresses  and  dimensions  can 
be  calculated  with  great  accuracy",  in  multiple-arch  dams,  although 
such  calculations  are  almost  impossible  in  earth  or  rock-fill  dams.  The 
determination  of  the  stresses  is  subject  to  many  uncertainties,  even 
in  gravity  dams.  The  design  of  this  latter  type,  however,  is  being 
developed  along  scientific  lines  with  very  satisfactory  progress,  and  the 
gravity  dam  has  the  advantage  of  a  great  number  of  precedents  over 
the  multiple-arch  dam. 

In  the  case  of  solid  impervious  rock  foundation,  the  speaker  de- 
cidedly prefers  the  gravity  dam,  and  doubts  whether  material  saving, 
if  any,  can  be  obtained  by  the  use  of  the  multiple  arch,  even  if  this 
latter  would  have  a  considerably  smaller  volume.  The  unit  price  of 
masonry  for  the  multiple-arch  dam  is  out  of  all  proportion  to  that  of 
the  gravity  dam,  as  illustrated  by  the  price  of  $22  per  cu.  yd.,  given 
by  the  author. 

If   the    foundation    is    fissured   rock    or    other    good    but    pervious 
material,  the  multiple-arch   dam,  generally,   should  be  the  more  eco- 
nomical type,  because  the  volume  of  the  gravity  dam  must  be  increased, 
in  order  to  meet  the  uplifting  action  of  the  water. 
Mr.  Edwin  Duryea,:]:  M.  Am.  Soc.  C.  E. — The  speaker's  home  and  most 

uryea.  ^^  j^j^  professional  practice  are  in  California,  and  he  is  familiar  with 
the  general  climatic  and  hydrographic  conditions  throughout  the  State 
and  in  the  Sierra  Nevada  Mountains,  though  not  with  those  of  Mono 
County,  in  which  are  built  the  two  dams  forming  the  subject  of  this 
paper.  However,  hydrographic  conditions  are  known  to  be  quite  uni- 
form throughout  the  high  Sierras  of  California,  and  presumably  in 
Mono  County  they  do  not  differ  materially  from  those  of  the  parts  with 
which  the  speaker  is  familiar. 

A  previous  speaker  has  expressed  doubts  as  to  the  adequacy  of  the 
spiljway  arrangements  of  these  two  dams  to  pass  safely  such  intense 
floods  as  might  be  expected  to  occur  at  long  intervals  from  such  a  small 
drainage  area  as  22^  sq.  miles.     In  most  parts  of  the  United  States,  j 

*  Proceedings,  Am.  Soc.  C.  E.,  March,  1917.  ' 

t  See  the  papers  of  Levy,  Unwin,   Hill,   Ottley,   and  Brightmore. 
t  San  Francisco,  Cal. 
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such  iipprelu'iisions  would  be  justified,  but  not  in  the  bijih  Sierras  of     Mr. 
,,,...        .  Duryea. 

(.  alitornia. 

Throughout  that  State  practically  all  the  year's  precipitation  occurs 
during  the  winter,  from  about  October  to  about  March,  inclusive,  with 
hardly  any  (and  none  such  as  will  cause  floods)  during  the  warmer 
months  of  Ajiril  to  September.  Hence,  in  the  high  Sierras,  the  year's 
preci(iitation  is  practieally  all  in  the  form  of  snow,  which  accumulates 
throughout  the  winter  to  depths  of  even  20  ft.,  or  more,  settles  and 
packs  until  melted  gradually  by  the  increasing  temperatures  of  the 
spring  and  sunnner,  and  passes  olf  as  stream  flow  in  the  form  of  slowly 
rising  floods,  which  usually  begin  in  April,  culminate  in  June,  and 
terminate  about  the  middle  of  July.  It  is  this  condition  of  Avinter 
rains  in  the  valleys,  which  soak  the  ground  and  start  the  growth  of  the 
crops,  in  conjunction  with  the  snow  stored  in  the  high  Sierras,  which 
by  its  gradual  melting  furnishes  water  for  irrigation  throughout  the 
growing  season  of  April  to  September,  that  causes  the  very  great  suc- 
cess of  irrigated  agriculture  in  the  Great  Valley  of  California. 

On  the  drainage  area  above  these  two  dams  (at  elevations  of  from 
9  000  to  12  000  ft.  above  sea  level),  and  even  at  much  lower  elevations, 
this  condition  of  stream  flow  from  the  slow  melting  of  the  snow  must 
be  marked  and  invariable;  and  on  that  area  there  can  be  no  direct 
connection  between  excessive  storm  intensities  and  excessive  flood 
intensities. 

The  speaker  has  examined  many  dams  in  the  high  Sierras  of  Cali- 
fornia and,  at  first,  was  strongly  impressed  by  the  apparently  very 
inadequate  provisions  for  spillway  capacity  and  "free-board''  of  those 
dams,  as  judged  by  necessities  elsewhere.  Soon,  however,  he  realized 
that  provisions  wdiich  would  have  been  very  inadequate  and  unsafe  in 
most  other  regions,  are  quite  safe  in  the  high  Sierras. 

A  previous  speaker  has  mentioned  the  small  number  of  arch  dams 
as  yet  built  in  the  world,  placing  the  number  at  pnly  about  15.  The 
speaker  has  built  an  arch  dam  which  may  not  be  included  in  that  num- 
ber. It  is  the  Goodwin  Dam,  on  the  Stanislaus  River,  not  far  from 
Stockton,  Cal.,  and  serves  to  raise  and  divert  the  waters  of  that  river 
for  the  irrigation  of  the  South  San  Joaquin  and  Oakdale  Irrigation 
Districts,  which  together  comprise  about  144  000  acres.  The  dam  con- 
sists of  two  arches  with  a  buttress  between  them;  there  is  also  a  small 
buttress  at  the  south  end  of  the  dam  to  replace  a  rock  abutment  which 
was  badly  shattered  by  the  blasting  of  a  canal.  The  south  arch  is 
299.4  ft.  in  crest  length,  with  a  maximum  height  of  78  ft.;  the  north 
arch  is  159.S  ft.  in  crest  length,  with  a  maximum  height  of  42  ft.  The 
buttress  between  them  is  on  a  ridge  of  rock  (slate)  near  the  middle  of 
the  river,  and  has  a  maximum  height  of  masonry  of  only  22  ft. 

The  two  arches  have  radii  (of  their  vertical  up-stream  sides)  of 
135  ft.,  and  are  proportioned  for  "pure  arch  action"  by  the  ordinary 
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Mr.     arch  formula   and  for  maximum  arch  stresses  of  300  lb.  per  sq.   in. 


Duryea. 


(43  200  lb.,  or  21.6  tons  per  sq.  ft.).  Except  that  the  minimum  arch 
thickness  (in  the  upper  jjarts  of  the  arches)  was  fixed  arbitrarily  at 
8  ft.,  the  arches  were  thickened  4  ft.  arbitrarily  at  the  rock  surface 
(this  thickening  decreasing  to  zero  8  ft.  above),  as  a  safeguard  against 
possible  erosion  by  the  very  turbulent  waters  of  the  pool  just  below  the 
dam.  The  crest  was  made  of  a  somewhat  unusual  shape  to  permit 
larger  flows  over  it  without  reducing  its  strength,  and  the  arches  were 
reinforced  against  temperature  stresses  by  steel  bars,  near  their  crests 
and  for  6  ft.  below,  near  their  up-stream  and  down-stream  sides.  The 
thickness  of  the  south  arch,  59.8  ft.  below  its  crest  (just  above  the 
thickened  base),  is  12.2  ft.;  that  of  the  north  arch,  at  the  corresponding 
point,  24.5  ft.  below  its  crest,  is  8.0  ft. 

The  arches  are  proportioned  (aside  from  the  exceptions  noted)  for 
300  lb.  per  sq.  in.  and  for  the  maximum  arch  thrusts  caused  by  floods 
up  to  25  ft.  in  depth  over  the  crest,  making  allowance,  however,  for 
the  relief  of  the  arch  pressure  by  the  variable  "back-water"  against 
the  down-stream  sides  of  the  arches.  Two  measured  floods  are  known 
(in  1907  and  1911)  which  would  have  caused  depths  on  the  crest  of 
the  dam  (had  it  then  been  built)  of  about  15  ft.  The  dam  was  com- 
pleted in  1912,  and  since  then  several  floods  of  about  6  ft.  in  depth 
have  passed  over  it.  The  drainage  area  above  the  Goodwin  Dam  com- 
prises about  928  sq.  miles  of  mixed  low  and  high  Sierras,  from  an  ele- 
vation of  350  ft.  above  sea  level  (the  crest  of  the  dam)  to  an  extreme 
height  of  more  than  10  000  ft. 

The  first  requirement  in  any  dam  should  be  certain  safety,  but  the 
next  should  be  economy;  and  the  usual  reason  for  designing  an  "arch" 
dam  is  that  thus  considerable  saving  below  the  cost  of  a  "gravity"  dam 
often  may  be  effected,  without  (at  least  in  the  judgment  of  the  designer) 
any  sacrifice  in  safety.  The  Goodwin  Dam  is  a  good  example  of  such 
a  saving  in  cost.  Six  other  dam  sites  were  surveyed,  three  up  stream 
and  three  down  stream  from  the  Goodwin  site.  Estimates  of  cost  were 
made  for  "gravity"  dams  on  all  seven  sites,  and  for  three  other  plans 
of  arch  dams  on  the  Goodwin  site.  By  the  choice  of  the  Goodwin  site 
and  the  two-span  arch  dam  adopted  and  built,  the  saving  effected  was 
more  than  half  that  of  the  most  obvious  procedure — the  raising  of  an 
existing  gravity  dam  If  miles  up  stream,  already  the  property  of  the 
two  Irrigation  Districts,  the  enlarging  of  the  intervening  12  miles  of 
their  existing  canal  on  the  north  side  of  the  river,  and  the  building  of 
the  same  length  of  new  canal  on  the  south  side. 

In  1903,  the  speaker  designed  two  other  arch  dams  for  California 
streams,  neither  of  which,  however,  has  been  built.*  The  larger  one 
was  to  have  been  138  ft.  in  maximum  height,  and  made  up  of  eight 
semicircular  arches,   supported  on  intervening  buttresses  50  ft.  from" 

*  Transactions,  Am.  Soc.   C.   B.,   VoL   LIII    (December,   1904),   pp.   172-175. 


I'ap'"''"^-!  Disrrssiox    ox    .Mii.i'in.i;-AK(  ii    dams  11521 

ci'iitiT  to  center.  The  li:u-ks  or  iip-streiini  sides  ot"  the  arches  were  to  Mr. 
have  been  vertical,  with  radii  of  20.5  ft.  The  smaller  dam  was  to  have  '"''y'^"- 
been  30  ft.  in  maximum  height,  with  eight  spans  of  19J  ft.  from  center 
to  center  of  buttresses.  The  "deck"  or  up-stream  side  of  the  dam  was 
to  have  been  a  plane  with  an  inclination  of  0.G4  vertical  to  1.00  hori- 
zontal, in  order  to  distribute  the  foundation  pressures  more  evenly  over 
a  rather  weak  rock  foundation.  The  crown  thickness  of  the  deck  was 
to  have  been  2  ft.,  and  the  radii  of  the  inclined  semicircular  arches 
forming  the  under  side  of  the  deck  were  to  have  been  8^  ft. 

J\renti()n  is  made  in  the  paper,  and  by  a  previous  speaker,  of  the 
freedom  of  multiple-arch  dams  (or  other  thin  dams)  from  "uplift" 
forces.  Such  forces  are  quite  certain  to  exist  in  greater  or  less  degree 
under  all  thick  masonry  dams.  The  speaker  recently  had  an  opportunity 
to  measure  the  uplift  forces  existing  under  parts  of  the  base  of  a  high 
masonry  dam  (the  La  Boquilla  Dam,  in  the  State  of  Chihuahua, 
Mexico,  of  244  ft.  maximum  height).  The  measurements  extended  over 
a  period  of  22  months,  and  for  depths  of  water  behind  the  dam  (above 
the  foundation  level)  of  from  140.3  to  213.6  ft. ;  and  comprised  measure- 
ments in  thirty-nine  holes,  aggregating  sixty-three  or  more  hole 
measurements  of  the  uplift.  He  hopes  soon  to  present  these  measure- 
ments in  full  to  the  Society;  and  will  only  say  now  that,  although 
the  foundation  of  that  dam,  in  its  natural  condition,  was  a  very  good 
limestone,  with  but  few  and  minor  defects  (which  were  all  repaired 
with  great  care  and  cost  by  cement  pressure  grouting),  still  the  measure- 
ments of  the  pressures  show  the  existence  of  "uplifts"  which,  in  gen- 
eral, lie  on  straight  lines  decreasing  from  (at  the  "heel"  of  the  dam) 
one-third  of  the  depth  of  water  in  the  reservoir  above  the  foundation 
I)lane,  to  zero  at  the  "toe"  of  the  dam.  Incidentally,  the  dam  had  been 
designed  to  withstand  uplifts  varying  from  two-thirds  of  the  depth 
of  the  water  at  the  heel  to  zero  at  the  toe. 

Regarding  the  use  and  safety  of  arch  dams,  one  general  thought  is 
worthy  of  serious  consideration:  Several  (only  a  small  proportion, 
however)  "gravity"  masonry  dams  have  failed.  It  is  true  that  these 
failures  were  probably  always  from  faults  perceived  afterward  to  be 
due  to  recognized  poor  design  or  construction,  and  that  they  would  not 
have  occurred  had  the  design  and  the  construction  of  the  profiles  and 
the  foundations  been  in  accordance  with  recognized  good  practice. 

On  the  other  hand  (even  though  most  arch  dams  are  much  thinner 
than  gravity  dams,  and  though  there  should  be  no  reason  to  suppose 
their  profiles  and  foundations  to  have  been  in  general  designed  and 
constructed  more  carefully),  the  speaker  does  not  recall,  among  the  few 
arch  dams  as  yet  constructed,  even  a  single  failure. 

It  is  realized  that  such  reasoning  is  not  conclusive,  but,  neverthe- 
less, it  appears  to  the  speaker  at  least  probable  that  the  "arch"  dam 
possesses  greater  reserves  of  strength  and  safety  than  the  "gravity"  dam. 
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Mr.  L.   H.   NiSHKiAN,*   Assoc.   M.   Am.    Soc.   C.   E.    (by   letter). t— The 

'*    '^"'  author  has   rendered   to   the   Engineering  Profession   a   much   needed 

service  by  opening  up  for  discussion  the  subject  of  multiple-arch  dams. 

There  is  no  question  that,  in  the  future,  dams  of  this  type  will  pre- 
vail over  other  types  in  many  locations,  and,  therefore,  a  detailed  dis- 
cussion of  methods  of  design  and  construction  is  timely  and  prolitable. 

At  first  glance  the  structural  design  of  a  multiple-arch  dam  seems 
to  be  quite  simple,  requiring  the  design  of  a  concrete  arch  under 
definite  forces,  of  a  buttress  to  uphold  the  arch,  and  of  a  foundation  to 
hold  the  buttress  in  place. 

On  closer  study,  many  problems  arise.  The  upper  and  lower  ends 
of  the  arch  barrel  are  difiicult  of  even  roughly  approximate  analysis, 
and  the  designer  has  to  depend  largely  on  his  judgment.  The  weight 
of  the  arch  between  the  buttresses  is  carried  partly  on  the  latter  and 
partly  on  the  lower  end  of  the  arch.  In  designing  the  arch,  the  author 
has  considered  its  weight  component  normal  to  the  buttresses  as  being 
carried  by  arch  action  to  the  buttresses,  and,  presumably,  the  component 
parallel  to  the  buttresses  as  being  carried  by  direct  column  action  down 
to  the  footings  at  the  lower  end  of  the  arch  barrel.  In  the  design  of 
the  buttress  and  foundation,  however,  it  has  been  assumed  that  the 
entire  weight  of  the  arch  is  acting,  through  its  center  of  gravity,  on 
the  buttress. 

The  writer  agrees  with  Mr.  Jorgensen  in  regard  to  the  method  of 
designing  the  arch  ring,  but  cannot  agree  with  him  in  throwing  the 
entire  weight  of  the  arch  on  the  buttresses.  It  appears  to  the  writer 
that  only  the  weight  component  normal  to  the  buttress  should  be  con- 
sidered as  acting  on  it.  These  two  assumptions  are  widely  at  variance, 
and  result  in  a  large  difference,  both  in  the  point  of  application  and  in 
the  line  of  action  of  the  resultant  force  on  the  buttress. 

The  author  finds  an  upper  and  a  lower  limit  for  the  direct  com- 
pression stresses  in  the  buttress.  It  will  be  found,  however,  that  the 
stress  produced  by  the  normal  component  of  the  arch  thrust  on  the 
buttress  is  equal  to,  or  greater  than,  the  maximum  stress  given 
in  the  paper.  In  this  case,  the  arch  thrust,  due  to  water  pressure 
at  a  depth  of  80  ft.,  is  approximately  80  X  62.5  X  23.08  =  115  000  lb., 
and  the  thrust,  due  to  dead  weight  of  arch  ring,  is  approximately 
150  X  3.7  X  COS.  50°  X  23.1  =  8  000  lb.,  or  a  total  arch  thrust  of 
123  000    lb.      This    will    result    in    a    force    of    123  000    X    2    X    sin. 

119°  57' 

=    213  000    lb.   pi>r    Hu.   ft.    on    the    buttress.      The    l)uttress 

213  000 

is  here  4.25  ft.  thick:  therefore,  we  have  a  stress  of =  34S 

4.25X12X12 

*  San  Francisco,  Cal. 

t  Received  by  the  Secretary,  May  18th,  1917. 
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II).  per  sq.   in.     AlthouKli  in  no  sense  dangerous,  this  is  in  excess  of      Mr. 
tlie  stress  of  317  lb.  per  sq.  in.,  given  by  the  author  as  the  maximum     '*'*'  '*" 
existing  in  the  buttress.     One  must  be  careful  in  using  average  values 
of  stri'ssi's  where  the  average  is  for  a  large  area. 

The  author  has  made  the  section  of  the  arch  normal  to  the  up-stream 
edge  of  the  buttress,  circular.  As  is  pointed  out  in  the  paper,  the 
l)ressures  are  not  uniform  on  the  arch  ring,  with  the  result  that,  near 
the  top.  it  is  necessary  to  move  the  arch  out  5  in.  at  certain  points,  in 
order  to  nial<e  its  center  line  coincide  with  the  line  of  pressure.  To 
avoid  this  difficulty  and  maintain  a  constant  shape  from  top  to  bottom, 
it  is  only  necessary  to  make  a  horizontal  section  of  the  arch  circular  in 
shape.  A  normal  section  will  now  be  an  ellipse,  and  it  will  be  found 
that  the  center  line  of  the  arch  ring  and  the  line  of  pressure  will  coin- 
cide very  closely  for  all  depths. 

It  will  be  necessary  to  use  a  three  or  five-centered  curve  for  the  form 
ribs,  and  this  will  entail  an  extra  expense,  as  the  circular  form  ribs  will 
have  to  be  made  in  sections  also.  Furthermore,  with  a  horizontal  sec- 
tion circular,  the  up-stream  and  down-stream  edges  will  be  concentric, 
with  a  uniform  radial  thickness  of  arch  ring.  This  will  result  in  the 
normal  section  of  the  arch  ring  being  much  thicker  at  the  buttresses 
than  at  the  center,  giving  it  greater  stability. 

The  author  has  provided  a  light  but  very  effective  method  of  stiffen- 
ing the  buttress  walls,  and  it  is  worthy  of  more  general  use. 

Gardner  S.  Williams,*  M.  Am.  Soc.  C.  E.  (by  letter).! — No  dis-  Mr. 
cussion  of  the  multiple-arch  dam  would  be  complete  without  mention 
of  the  famous  Meer  Alum  Dam,:};  near  Hyderabad,  India,  built  about 
1800,  which  is  made  up  of  a  series  of  full-centered  vertical  brick  arches 
with  radii  varying  from  70  to  147  ft.  T.hese  arches  are  arranged  in  the 
arc  of  a  circle,  having  a  crest  length  of  about  i  mile  and  a  height  of 
about  40  ft.  This  structure  appears  to  be  the  dean  of  multiple-arch 
dams. 

On  September  1st,  1902,  the  writer  tabulated  the  bids  received  by 
the  Ithaca  Water  Works  Company,  and  a  few  days  later  awarded  the 
contract. for  the  construction  of  the  so-called  Six-Mile  Creek  Dam,  near 
Ithaca,  N.  Y.  This  dam  embodied  in  its  design  a  section  of  the  inclined 
multiple-arch  type  and  is  believed  to  be  the  first  structure  of  the  kind 
for  which  a  contract  was  ever  let.|| 

Prior  to  the  design  of  this  dam,  which  was  made  by  the  writer  in 
the  early  part  of  1902,  plans  and  specifications  for  an  inclined  multiple- 

•  Ann  Arbor,  Mich. 

t  Received  by  the  Secretary,  May  26th,  1917. 

t  Transactions,  International  Engineering  Congress,  1915,  Waterways  and  Irriga- 
tion, p.  719. 

II  The  Six-Mile  Creek  Dam  was  discussed  in  Transactions,  Am.  Soc.  C.  E.,  Vol. 
LIII,  and  the  multiple-arch  section  is  particularly  described  on  page  195  thereof. 
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Mr.  arch  dam  were  prepared  by  Henry  Goldmark,  M.  Am.  Soc.  C.  E.,  for 
Williams.  ^Y^^  Pioneer  Power  Company,  of  Ogden,  Utah,*  the  suggestion  of  this 
design  being  due,  the  writer  is  informed,  to  George  H.  Pegram,  Presi- 
dent, Am.  Soc.  C.  E.  The  inclination  of  the  arches  was  about  25°  from 
the  verticaL  Subsequently  to  the  work  of  Mr.  Goldmark  and  prior  to 
1902,  the  multiple-arch  dam  was  investigated  by  James  H.  Euertes, 
M.  Am.  Soc.  C.  E.,  and  by  the  late  Emil  Kuichling,  M.  Am.  Soc.  C.  E., 
independently,  but  neither  of  their  designs  came  to  the  constructive 
stage. 

Since  the  construction  of  the  Six-Mile  Creek  Dam,  dams  of  the 
multiple-arch  type  have  been  designed  and  built  under  the  supervision 
of  the  writer  in  Michigan,  Minnesota,  and  Iowa. 

The  principles  of  design  laid  down  by  the  author  differ  somewhat 
from  those  followed  by  the  writer,  and  appear  to  transgress  the  rules 
of  economical  design,  since  the  structure,  as  described  by  the  author, 
does  not  follow  the  eqviilibrium  curve.  As  is  well  known  the  curve  of 
equilibrium  for  an  arch  under  uniform  normal  pressure  is  a  circle, 
and,  therefore,  since  the  inclined  arch  may  be  conceived  as  made  up 
of  an  infinite  number  of  infinitesimally  thick  horizontal  arches, 
the  horizontal  section  of  the  arch  should  be  a  circle  and  not  an  ellipse, 
as  seems  to  have  been  contemplated  by  the  author.  A  section  of  the 
arch  normal  to  the  axis  will  then  be  elliptical,  and  the  inclination 
should  be  chosen  so  that  this  ellipse  approaches  most  closely  to  the 
hydrostatic  arch  for  the  condition  of  most  constant  load.  When  de- 
signed in  accordance  with  these  principles,  the  arch  is  subjected  to  the 
minimum  of  bending  stress,  and  requires  the  least  material.  An 
increasing  thickness  of  the  arch  section  to  the  bottom  of  the  dam  is 
hardly  necessary,  as  over  the  lower  one-third,  in  ordinary  cases,  the 
beam  action  is  such  as  to  relieve  to  a  considerable  degree  the  arch 
action,  so  that  the  shell  may  very  properly  be  made  of  uniform  or  even 
diminishing  thickness  from  the  point  of  one-third  the  height  down. 

ISTone  of  the  dams  built  by  the  writer  has  been  on  a  rock  foundation, 

and  although  it  is  necessary  to  be  assured  of  the  carrying  capacity  of 

the  material  under  the  buttresses,  this  does  not  preclude  the  use  of 

such  structures  on  sand,  gravel,  or  clay. 

Mr.  George  W.  HowsoN,t  Assoc.  M.  Am.   Soc.  C.  E.   (bv  letter).! — 

Howson.  __  .  .  -  1^1.1 

MY.  Jorgensen  has  presented  a  very  excellent  paper  on  the  design  and 
construction  of  multiple-arch  dams.  The  method  of  working  oiit  the 
design  shows  much  careful  study,  and  appears  to  be  the  last  word  in 
the  design  of  dams  of  this  type. 

There  are  several  phases  of  the  paper,  however,  which  hardly  seem 
to  be  in  accord  with  the  writer's  experience,  and  there  is  a  general 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XXXVIII,  pp.  290  to  297. 

t  San  Francisco,  Cal. 

%  Received  by  the  Secretary,  August  1st,  1917. 
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ti'iideiicy  to  cDiiipare  tlio  inultiple-arcli  with  the  rock-fill  dam.     These      Mr. 
are  two  entirely  different  types,  each  havinp-  its  own  advantages.  Howson. 

Til  general,  it  may  be  stated  that  a  roek-fill  dam  may  be  built  on 
any  foundation  suitable  for  a  nuiltii)le-arch  structure;  but  the  reverse 
is  not  true.  As  an  example,  a  rock-fill  dam  is  best  adapted  to  a  site 
where  the  underlying  bed-rock  across  the  floor  of  the  canyon  is  covered 
by,  say,  from  20  to  30  ft.  of  over-burden.  Here  it  may  be  necessary  to 
carry  only  the  thin  cut-off  wall  down  through  the  overlying  material 
into  solid  rock;  and  the  great  bulk  of  the  dam,  the  loose  drop  fill, 
may  be  built  on  the  over-burden.  It  must  be  known,  of  course,  that 
the  foundation  under  the  rock  till  is  suitable,  though  it  may  not  be  a 
foundation  on  which  the  buttresses  of  a  multiple-arch  dam  should  be 
built.  ^Ir.  Flinn  has  brought  out  this  point  in  comparison  with  a 
solid  masonry  dam,  but  his  comparison  of  economy  relative  to  the 
foundation  is  even  more  applicable  in  the  case  of  a  rock-fill  structure. 

It  is  then  seen  that  the  problem  of  choice  between  rock-fill  and 
multiple-arch  types  presents  itself  only  at  a  site  where  a  good  founda- 
tion for  the  buttresses  is  exposed,  or  is  found  within  a  limited  depth 
of  excavation.  Here  the  final  economic  balance  may  be  in  favor  of 
either  type,  depending  on  the  particular  cross-section  of  the  canyon, 
the  transportation  problem,  and  the  general  topography  of  the  site. 
The  writer,  however,  believes  that,  in  a  majority  of  cases  where  it  is 
possible  to  consider  a  choice  of  types,  the  relative  cost  of  a  multiple- 
arch  dam  and  a  rock-fill  dam  will  be  in  favor  of  the  former. 

^Ir.  Jorgensen  is  correct  when  he  states  that  the  water-tightness  of 
a  dam  depends  to  a  much  larger  extent  on  the  quality  of  the  concrete 
in  the  arches  than  on  the  thickness  of  the  latter.  The  Strawberry 
Eock  Fill  Dam,  built  recently  by  the  Sierra  and  San  Francisco  Power 
Company,  may  be  said  to  be  bottle-tight,  although  it  depends  on  a 
reinforced  concrete  apron  only  18  in.  thick,  under  a  130-ft.  head,  which 
thickness  tapers  to  9  in.  at  the  crest.  A  multiple-arch  dam  should  be 
built  only  under  the  most  competent  engineering  supervision.  A  few 
i allures  oT  dams  of  this  class  due  to  poor  construction  would  condemn 
ell  such  structures  in  the  public  opinion. 
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AN  AEKIAL  TRAMWAY  FOR  THE  SALINE  VALLEY 
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Discussion.* 


Bv  Messrs.  Richard  Lamb  and  H.  F.  Scholtz. 


KiciiARD  LAMB,t  M.  Am.  Soc.  C.  E. — On  studying  this  paper,  with    Mr. 
reference   to   other  plants   which   have  been  built,   it  is   seen   that   it    *™  ' 
th'scribes   novel   features    and   conditions    which    \vere   overcome    with 
difficulty. 

At  first  one  might  wonder  that  such  an  expensive  plant  should 
be  constructed  for  handling  so  common  and  cheap  a  commodity  as 
salt,  for  a  TA-lb.  bag  of  the  best  grade  retails  at  present  for  10  cents, 
and  lasts  a  family  for  quite  a  time.  During  normal  times  much  salt 
is  brought  to  the  United  States  as  ballast  for  vessels,  and  is  sold  at 
a  low  price. 

Keeently,  the  speaker  was  cxaniiniiig  a  cement  stone  deposit  in 
Alabama,  and  found,  at  a  point  3  miles  from  tide-water,  a  salt  deposit 
from  which  most  of  the  salt  used  by  the  Confederate  States  was 
mined  during  tiie  Civil  War.  A  comparison  of  the  plant  described 
by  Mr.  Carstarphen  with  a  project  to  mine  salt  and  deliver  it  by 
cableway  to  tide- water  from  the  Alabama  deposit  indicates  that  the 
latter  would  have  a  great  advantage.  Later,  the  speaker  visited  the 
Gulf  Coast  of  Louisiana,  and  there  found  that  vast  deposits  of  salt 
are  now  being  mined  and  shipped  by  boat  or  train  with  little  or  no 
intermediate  transportation,  and  the  owners  cannot  sell  all  they  can 
mine.  However,  it  is  presumed  that  the  market  was  examined  before 
the  Saline  Valley  cable  tramway  was  built. 

*  This  discussion  (of  the  paper  by  F.  C.  Carstarphen,  M.  Am.  Soc.  C.  E.,  pub- 
lished in  April,  1917,  Proceedings,  and  presented  at  the  meeting  of  May  2d,  1917), 
is  printed  in  Prorrrdinris  in  order  that  the  views  expressed,  may  be  brought  before  all 
members  for  further  discussion. 

t  New  York  City. 
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Mr.  One   of  the  novel   features  of  tliis  tramway  is   its   excessive  gra- 

^^  ^'  dients ;  the  speaker  knows  of  no  other  long  cable  tramway  where  they 
are  so  steep.  The  only  other  plant  in  the  United  States  which  can 
compare  with  it  in  length  is  that  of  the  American  Copper  Company, 
in  Wyoming,  16^  miles  long.  In  the  latter,  however,  the  maximum 
vertical  angle  is  about  20°,  as  compared  with  40°  in  the  Saline 
Valley  plant. 

The  undertaking  was  bold,  in  that  such  gradients  had  not  hereto- 
fore been  overcome,  and  the  success  of  the  plant  would  depend  'on 
the  efficient  service  of  the  grip  used.  The  speaker  would  have  thought 
that  the  Pohlig  grip  would  have  been  successful;  however,  the  avithor 
states  that  the  plant  was  not  equipped  with  either  the  Pohlig  or  the 
Bleichert  grip. 

In  the  Bleichert  system  the  difficulty,  on  steep  gradients,  is  that 
in  going  up  the  steepest  incline  of  the  cable,  just  before  surmounting 
the  saddle  at  the  tower,  the  hauling  cable  is  pulling  somewhat  down- 
ward, and  the  resultant  force  has  a  tendency  to  retard  the  carriage. 
In  the  system  designed  by  the  speaker,  the  hauling  cable  is  kept 
parallel  with  the  bearing  cable,  and  the  downward  pull  is  practically 
obviated.  This  feature  is  used  on  the  line  of  the  American  Copper 
Company. 

The  speaker's  discovery  of  this  principle  was  due  to  the  following 
incident.  A  patented  logging  cable  tramAvay  had  been  erected  by 
parties  who  stated  that  it  was  practical.  The  bearing  cable  was 
carried  on  A-frame  supports.  A  trolley  carriage  ran  on  the  cable, 
and  from  it  the  log  to  be  transported  was  suspended.  Attached  to 
the  log  was  a  cable  which  was  made  fast  to  a  whippletree  drawn  by  a 
horse.  As  the  ti'oUey  approached  the  cable  support,  it  had  to  ascend 
the  incline  caused  by  the  inherent  sag  in  the  cable.  This  direction 
was  one  line  of  force  in  the  parallelogram  of  forces.  The  direction 
of  the  pull  by  the  horse  was  horizontal.  The  resultant  force,  conse- 
quently, was  downward,  and  the  trolley  would  not  pass  over  the 
support.  The  project  was  a  failure,  and  the  difficulty  could  not  be 
overcome  luider  the  conditions  of  the  system. 

If  a  trolley  trackway  is  on  a  grade  and  a  rope  is  attached  to  the 
trolley  to  pull  it  in  a  horizontal  direction  up  grade,  the  trolley  will 
not  move.  It  is  necessary  to  have  the  hauling  and  bearing  cables 
as  nearly  parallel  as  possible.  The  steeper  the  gradient,  the  more 
difficult  this  problem  becomes.  Practical  plants  embodying  this 
principle  were  described  by  the  speaker  some  years  ago  in  a  paper* 
before  this  Society.  An  inherent  feature  of  cable  tramways  is  that 
they  must  be  built  in  an  absolutely  straight  line.  In  the  logging 
cable  tramway  described  by  the  speaker,  in  the  paper  referred  to,  the 
sheaves   carrying  the*  hauling   cable  were  hung   so   as   to   permit  the 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XXXII,  p.  44. 
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ali^niiu'iit  to  doviato  from  a  straight  line,  but  it  had  to  be  very  nearly     Mr. 
straiglit. 

Jn  the  Saline  Valley  line  there  are  three  changes  of  direction, 
or  four  separate  cable  tramways  joined  by  curved  rail  at  the  points 
of  deilcction,  with  electric  motors  to  operate  the  hauling  cable  at  each 
angle.  At  each  control  station  the  traction  cable  is  made  a  unit 
for  that  station  only,  and  is  driven  by  its  own  motor.  The  summit 
station  is  arranged  so  that  both  the  grip  sheaves  are  on  the  same 
shaft,  and  are  controlled  by  a  motor  which  supplies  the  difference 
between  the  power  required  to  hoist  the  ascending  bucket  and  that 
develnjicd  by  the  descending  bucket.  The  power  is  not  transmitted 
around  curves,  as  in  surface  cable-power  street  railroads. 

The  tension  ordinarily  used  on  cable  tramways  is  about  30  000  lb. 
per  s(|.  in.  of  cable.  The  cable  can  never  be  stretched  to  approach 
closely  the  horizontal ;  if  so,  it  would  be  strained  beyond  its  elastic 
limit.  The  towers  are  usually  about  250  ft.  apart.  Tension  stations 
are  about  5  000  ft.  apart.  In  some  cases  spans  as  long  as  1  GOO  ft. 
between  towers  have  been  operated  successfully. 

The  Chilcoot  Pass  cableway  was  built  mainly  for  the  transporta- 
tion of  passengers.  For  years  this  Pass  had  been  traversed  by  miners 
and  others  seeking  gold,  and  it  was  so  difficult  that  many  lives  were 
lost  there.  The  Trenton  Iron  Company  built  a  cableway  that  carried 
freight  and  passengers  successfuly  over  the  Pass.  It  Avas  intended 
to  build  the  power  plant  on  a  plateau,  named  White  Horse,  near  the 
center  of  the  Pass,  but  an  avalanche  buried  the  site,  and  it  was  with 
difficulty  that  another  could  be  found. 

The  power  was  furnished  by  a  porcupine  boiler  in  which  the  tubes 
were  of  such  weights  as  could  be  carried  to  the  site  by  Indians.  The 
bearing  cable  could  not  be  more  than  §  in.  in  diameter,  as  it  also 
had  to  be  transported  by  Indians.  The  transportation  from  Trenton 
to  the  final  location  was  more  expensive  than  the  material  of  the 
plant.  Great  care  had  to  be  exercised  in  making  the  cable,  as  there 
was  one  span  about  1  500  ft.  long.  The  first  person  to  traverse  the 
line  was  a  girl  who  used  her  canoe  as  a  car. 

H.  F.  ScHOLTZ,*  Assoc.  M.  Am.  See.  C.  E. — There  are  several  Mr. 
places  in  the  Pacific  Xorthwest  where  tramways  for  transporting  logs  ^^^°'*^- 
are  in  successful  operation.  The  logs  are  taken  out  from  places  prac- 
tically inaccessible  by  any  other  method.  One  instance  is  in  the 
Cascade  Mountains,  near  Index,  Wash.,  where  logs  as  large  as  6  ft. 
in  diameter  are  carried  across  a  deep  ravine  and  down  a  precipitous 
cliff  to  the  mill. 

*  Carrollville,  Wis. 
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Ey  Messrs.  Hermann  von  Schrenk,  Frank  F.  Bell,  D.  C.  Henny, 
Henry  P.  Rust,  F.  M.  Eobbins,  Wjlliam  J.  Boucher,  and  J.  C. 
Ralston. 


Hermann  von  Schrenk,!  Assoc.  Am.   Soc.  C.  E.    (by  letter).:}; —  Mr.  von 
This  paper  has  been  read  with  much  interest  by  the  writer,  but  he  finds    ^  ^^^ 
that  it  contains  certain  rather  startling  errors  relating  to  cypress,  its 
method  of  growth,  and  its  grade. 

On  pajxe  5G6§  the  author  states:  "A  cypress  tree  is  the  product  of 
four  or  five  small  trees  growing  together."  Furthermore,  he  exjilains 
that,  as  a  result  of  such  growth,  the  sapwood  does  not  occur  around 
the  circumference  of  the  tree,  but  in  streaks  throughout  the  trunk. 
This  is  so  startling  an  error  that  it  should  not  go  unchallenged.  The 
cypress  does  not  grow  as  stated  by  the  author,  but  like  all  other  trees. 
It  starts  from  a  seed,  and  develops  a  trunk  as  it  grows  older;  and  the 
sap  ring,  under  all  circumstances  and  conditions,  is  on  the  outside, 
inuncdiately  under  the  bark,  just  as  in  practically  all  other  trees. 
Having  studied  the  growth  of  these  trees  for  about  25  years,  under 
every  conceivable  condition,  the  writer  has  yet  to  find  a  single  instance 
of  any  such  occurrence  as  is  mentioned  in  the  paper'.  Individual  trees 
formed  by  the  union  of  several  sprouts  are  possible,  of  course,  but  these 
would  be  more  likely  to  occur  in  redwood  than  in  cypress,  because, 
unlike  the  redwood,  the  cypress  does  not  sprout  from  the  stump.     The 

*  This  discussion  (of  the  paper  by  .J.  F.  Partridge,  Jun.  Am.  Soc.  C.  E.,  pub- 
lished in  April,  1917,  Proceed inf/s,  and  presented  at  the  meeting  of  May  Kith, 
1917),  is  printed  in  Procce'lini/s  in  order  that  the  views  expressed  may  be  brought 
before  all  members  for  further  discussion. 

t  St.    Louis,    Mo. 

t  Received  by   the  Secretary,    May   7th,    1917. 

§  Procccdinffs,   Am.    Soc.    C.    E.,    April,    1917. 
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Mr.  von  possible  reasoii  for  Mr.  Partridge's  mistake  is  indicated  in  his  discus- 
Schrenk.  ^-^^^  ^^  ^^  g^^^p  streaks  in  the  wood.  He  states:  "It  is  common  to  see 
clear  cypress  with  yellow  sap  streaks  running  through  the  center  at 
intervals  of  about  4  in."  From  this  sentence,  it  would  appear  that  the 
author  interprets  the  lighter  streaks  of  color  in  the  heartwood  as  sap 
streaks.  The  color  of  the  cypress  heartwood  varies  from  very  pale 
yellow  to  almost  black,  and  this  may  occur  in  one  tree  or  in  different 
trees  growing  in  the  same  region.  This  variation  in  color  has  given 
rise  to  all  sorts  of  common  names,  such  as  white  cypress,  yellow  cypress, 
black  cypress,  etc.,  and  it  is  very  common  to  find  these  curious  color 
differences  or  markings  in  the  same  trunk.  These  color  variations,  how- 
ever, have  nothing  to  do  with  the  sapwood.  There  is  never  any  qvies- 
tion  about  identifying  the  sap  ring,  which  in  cypress  is  usually  very 
narrow,  particularly  in  the  older  trees.  The  curious  color  variations 
or  streaks  in  the  cypress  have  been  ascribed  to  the  variation  in  absorp- 
tion of  material  from  the  soil.  The  writer  has  frequently  noted  that 
in  certain  regions  one  type  of  color  variation  will  appear  and  in  other 
regions  another  type.  The  writer  would  be  much  interested  to  have  a 
case  pointed  out  where  a  trunk  actually  is  composed  of  more  than  one 
original  seedling,  because  this  certainly  would  be  a  scientific  curiosity. 
If  Mr.  Partridge's  statements  were  true,  what  would  become  of  the  bark 
on  the  inside,  if  several  trees  fused  ? 

Attention  is  also  called  to  a  slight  error  in  Mr.  Partridge's  descrip- 
tion of  grades.  Although  it  is  true  that,  in  the  listing  of  the  grades 
by  the  Southern  Cypress  Manufacturers'  Association,  the  grade 
"Tank"  appears  first  in  the  book  of  specifications,  as  a  matter  of  fact 
Grade  "A"  is  really  higher  than  "Tank."  In  cypress  there  is  no  such 
grade  known  as  "Clear."  The  manufacturers  of  cypress  regard  the 
Grade  "A",  in  the  heavier  thicknesses,  as  being  better  than  the  "Tank" 
grade  in  the  same  thickness,  for  the  reason  that  knots  are  eliminated 
on  the  face  side  of  "A",  whereas  any  number  of  water-tight  knots  are 
admitted  in  the  grade  of  "Tank.'' 

Mr.  Partridge  is  probably  correct  in  his  surmise  that  4-in.  "Tank" 
stock  is  better  material  tlian  4-in.  Grade  "A"  for  pipe  staves,  for  two 
reasons :  First,  an  occasional  piece  of  Grade  "A"  would  have  a  very 
slight  quantity  of-  sap  on  the  reverse  side,  whereas  "Tank"  would  be 
strictly  free  from  sap,  although  it  would  contain  knots.  Second,  the 
"Tank"  stock,  in  the  heavier  thicknesses,  can  be  purchased  at  a  lower 
price  than  the  Grade  "A"  of  the  same  thicknesses.  As  indicated  by 
Mr.  Partridge,  the  mere  presence  of  knots  does  not  influence  in  any 
way  the  value  of  "Tank"  stock  for  stave  purposes. 

Attention  is  also  called  to  a  slight  variation  in  the  author's  nomen- 
clature from  that  generally  accepted  as  standard  by  such  organizations 
as  the  American  Society  for  Testing  Materials,  the  American  Railway 
Engineering  Association,   and  the  Forest   Service  and  other  Govern- 
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iiu'Ut    burtiius.      Tlir    ti'vuis    usually    iipiilied   as   standard   for   the   two  Mr.  von 
grades  uf  wood  forniod  by  a  tree  during  the  year  are  ''spring:wood",  for  '  ^  *^^" 
the  soft  wood  formed  early  in  the  year,  and  "sunimerwood",  for  the 
hard  wood  formed  later  in  the  year.     JMany  readers  will  doubtless  con- 
fuse Mr.  Partridge's  names  of  ''sumnierwood"  and  "winterwood"  for 
the  more  usual  terms  of  "springwood"  and  "summerwood." 

The  writer  would  like  to  ask  the  author  for  a  further  explanation 
as  to  why  penetration  is  insisted  on  for  a  stave.  The  writer  may  not 
undt'r.staiid  tlu'  meaning  of  the  word  "penetration'',  but  assumes  that 
it  moans  tlic  thorough  absorption  by  the  stave  of  water  or  whatever 
liquid  is  passed  through  the  pipe.  If  any  figures  are  available,  as  the 
result  of  tests,  it  would  be  of  interest  to  know  on  what  basis  the  state- 
ment is  made  that  a  dense  piece  of  pine,  for  instance,  will  not  make  as 
good  a  pipe  as  a  piece  of  redwood,  or  other  material,  of  similar  density. 

Fu.\xK  F.  Bell,*  Esq.   (by  letter) .f — The  following  general  ideas  Mr 
along  the  lines  of  this  paper  are  based  on  the  writer's  experience  in 
wood  stave  pipe  design  and  construction. 

The  writer  finds  it  to  be  generally  true,  as  Mr.  Partridge  has  out- 
lined, that  there  is  little  authentic  knowledge  among  engineers  relative 
to  either  continuous-stave  or  machine-banded  pipe,  as  it  is  considered 
somewhat  of  a  specialty,  although  coming  more  and  more  into  use  in 
modern  engineering  practice. 

Ideas  regarding  such  pipe  are  at  variance  in  different  parts  of  the 
country.  In  general,  the  specifications  and  design  are  under  the  in- 
fluence of  the  locality  in  which  the  engineer  intends  to  build.  In  the 
Xorthwest,  we  find  strong  adherents  to  pipe  made  from  Oregon  pine 
and  Douglas  fir;  in  the  Southwest,  redwood;  and  in  the  East,  Canadian 
pine  and  yellow  pine.  This  is  due  mostly  to  the  sales  talk  of  the  repre- 
sentatives of  the  various  manufacturers  of  pipe,  and  the  engineer  has 
to  be  guided  more  or  less  by  what  he  hears  rather  than  by  actual  experi- 
ence or  standards.  Wood  stave  pipe  has  passed  the  stage  where  it  can 
be  considered  as  a  specialty ;  and  it  is  certainly  time  that  general  prac- 
tice and  standard  specifications  should  be  worked  out. 

The  author's  presentation  of  the  subject  is  complete,  but,  of  course, 
with  reference  to  the  specifications,  there  may  be  more  or  less  disagree- 
ment. As  a  start,  however,  the  writer  believes  the  paper  will  furnish 
a  reasonable  basis  for  the  best  practice. 

It  is  generally  admitted  that,  for  purposes  of  durability,  redwood  is 
logically  the  best.  The  writer  does  not  believe  there  will  be  any  dis- 
cussion on  this  point.  He  has  heard  engineers  criticize  this  lumber  on 
account  of  its  softness,  but,  for  wood  pipe,  such  criticism  is  hardly 
worth  considering,  as  the  strength  .depends  on  the  band  spacing,  and 
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Mr.  when  the  pipe  is  made  up,  there  seems  to  be  no  material  difference  in 
rigidity  when  redwood  and  harder  woods  are  compared. 

The  author  does  not  mention  yellow  pine  as  a  good  lumber  for  wood 
stave  pipe,  but  this  is  hardly  worthy  of  important  notice,  as  such  wood 
is  too  scarce  to  be  a  logical  material,  and  would  be  put  in  a  class  with 
cypress. 

In  the  eastern  part  of  the  United  States,  the  general  practice  is  to 
use  thick  staves  and  flat  bands  for  machine-made  pipe,  but  in  the  West 
round  steel  wire  is  used.  A  selection  between  these  two  styles  should 
be  based  on  local  requirements.  For  eontinuous-stave  pipes,  the  eastern 
style  is  not  in  keen  competition.  It  is  mostly  in  specifications  for  pipe 
of  large  diameter  that  standard  practice  is  needed. 

The  writer  agrees  with  Mr.  Partridge  that  redwood  need  never  be 
given  a  coat  of  preservative,  provided  clear  lumber  is  used,  according 
to  his  specifications.  On  the  other  hand,  in  pipe  constructed  of  other 
kinds  of  lumber,  a  preservative  coating  is  necessary,  if  longevity  is 
wanted.  Redwood,  under  all  general  conditions,  will  easily  outlast 
bands  and  wire  winding,  without  any  preservative  application. 

The  writer  is  familiar  with  the  North  Yakima  development,  men- 
tioned in  the  paper,  as  well  as  the  sewer  at  Palo  Alto,  Cal.  The  North 
Yakima  pipe  underwent  about  as  rigid  a  test  for  durability  as  would 
be  found  in  any  practice,  and,  from  studying  this  particular  case,  it 
appears  that  the  drying  of  the  lumber  is  one  of  the  most  important 
factors.  The  process  of  kiln-drying  versus  air-drying  is,  of  course, 
familiar  enough  to  all  engineers ;  but  the  writer  again  agrees  with 
Mr.  Partridge  that,  if  possible,  air-dried  lumber  should  be  used,  although 
very  good  results  are  obtained  with  kiln-dried  fir. 

In  the  matter  of  machine-banded  pipe,  the  drying  is  even  a  more 
important  factor,  because  there  is  no  chance  to  "cinch  up"  in  case  of 
shrinkage,  and  the  strength  and  durability  depend  on  the  bearing  sur- 
face and  winding  tension  of  the  wire. 

The  author's  remarks  on  the  importance  of  butt  joints  should  also 
be  emphasized,  as  in  continuous-stave  pipe  this  is  generally  where 
trouble  starts  first,  and  it  is  also  one  of  the  drawbacks  in  having 
wood  pipe  built  by  men  who  do  not  understand  the  finer  details  of 
construction. 

The  writer  knows  of  a  case  (which  happened  within  the  last  few 
months)  of  a  contractor  who  had  his  own  staves  milled  by  the  ordinary 
process,  bought  his  own  bands,  and  attempted  to  put  in  his  own  pipe 
according  to  his  idea  as  to  specifications  and  methods.  This  pipe,  no 
doubt,  will  be  imserviceable  in  a  very  short  time,  and,  consequently, 
engineers  who  come  in  touch  with  this  particular  case  will  be  influenced 
against  wood  pipe  in  general.  This  is  why  the  writer  believes  that  the 
author's  remarks  should  be  given  favorable  consideration.  If  standard 
specifications  and  practice  are  put  in  the  hands  of  engineers,  there  will 
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he  a  much  inoro  iavorable  attitude  in  frencral  toward  wood  pipe,  and  it  Mr. 
will  he  fjivon  the  place  it  deserves  as  an  engineering  utility. 

^fr.  Partridge's  classifications  are  very  fair  for  all  kinds  of  pipe. 
Naturally,  the  redwood  man  claims  that  his  pipe  is  the  best,  the  fir  man 
his,  the  pine  man  his.  The  only  way  for  the  engineer  to  decide  is  to 
make  a  comparison  of  numerous  structures.  On  the  basis  of  data 
gathered  from  a  number  of  wood  stave  pipes,  it  is  thought  that  Mr. 
Partridge  has  rounded  out  the  matter  very  well.  The  specification 
tables  in  the  paper  would  bo  what  the  writer  would  use  if  he  were  de- 
signing a  pipe  line. 

The  writer  has  found  by  experience  in  many  cases  that  a  wood  stave 
jiipe  has  cost  the  designing  engineer  much  more  than  it  would  if  he 
had  used  the  most  economical  specifications;  and,  in  a  majority  of 
cases,  the  engineer  has  lost,  in  the  long  run,  by  sacrificing  price  to 
])ermanency,  by  failing  to  adopt  the  specifications  and  the  style  of  pipe 
needed  for  the  conditions  under  which  he  is  designing,  having  been 
talked  into  "something  just  as  good." 

If  careful  unprejudiced  consideration  is  given  to  this  paper  engi- 
neers will  feel  that  standards  should  be  generally  recognized,  and  that 
the  ]iro]ier  styles,  classifications,  and  lumbers  should  be  given  level- 
headed consideration.  As  it  is,  all  are  depending  too  much  on  the 
influence  of  representatives  who  are  talking  up  the  various  kinds  of 
pipe  and,  naturally,  where  one  lumber  predominates,  the  designing 
engineer  will  be  influenced  in  his  specifications. 

D.  C.  Hf.nny,*  M.  Am.  Soc.  C.  E.  (by  letter)  .f — From  a  report  by  Mr. 
the  writer  to  the  F.  S.  Eeclamation  Service  in  July,  1915,  on  the  life  ^enny. 
of  wood  pipe,  the  author  has  quoted  a  tabulation:}:  in  which  an  attempt 
was  made  to  condense  the  information  collected  from  past  experience 
and  special  investigation.  It  is  well  to  quote  also  from  the  two  para- 
graphs in  the  report  immediately  preceding  this  tabulation,  which  read 
ns  follows: 

"The  investigation  has  had  in  view  especially  the  life  of  pipe  as 
affected  by  the  durability  of  the  wood.  *  *  *  The  information 
collected  is  based  mostly  on  reports  received  from  managers  or  owners, 
and  in  small  part  on  personal  observation.  It  is  not  as  complete  as  ' 
is  desirable,  which,  however,  is  not  due  to  failure  to  elicit  further 
information. 

"Reviewing  the  information  as  grouped  under  its  headings,  it  may 
he  estimated  that  under  conditions  of  continuous  water  pressure  the 
life  of  various  kinds  of  pipe  may  be  as  follows:" 

The  last  item  of  the  tabulation  refers  to  the  estimated  life  of  wood 
in  fir  pipe,  well-coated,  buried  in  loose  soil,   and  maintained  under 
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Mr.  continuous  water  pressure.  Some  additional  information  'has  come 
Henny.  ^^  ^^nd  since  the  date  of  the  report,  which,  although  not  directly 
applicable,  may  be  considered  of  some  importance. 

During  October,  1916,  the  writer  made  an  examination  of  wood 
pipe  lines — part  of  an  irrigation  system  in  the  vicinity  of  Pasco,  AVash. 
— constructed  in  the  spring  and  early  summer  of  1910.  The  pipe 
portion  of  the  system  consists  of  4i  miles  of  continuous-stave,  uncoated, 
fir  pipe,  30  and  36  in.  in  diameter,  and  12^  miles  of  machine-banded, 
coated,  fir  pipe,  from  10  to  24  in.  in  diameter. 

Decay  in  the  uncoated  pipe  had  made  it  necessary  to  rebuild  8% 
of  the  line  during  1915  and  23%  during  1916.  Examination  in  October 
♦  of  that  year  showed  that  serious  decay  had  then  affected  the  remaining 
69%  of  the  pipe.  It  had  attacked  principally  the  bastard  grain  wood 
and  wood  with  a  coarse  vertical  grain,  such  as  is  derived  from  the 
top  of  the  tree.  No  serious  decay  was  found  in  the  close-grained  wood 
with  vertical  grain,  and  staves  of  this  kind  had  been  used  in  the 
reconstruction. 

This  is  stated  merely  as  incidental  to  experience  with  machine- 
banded  pipe,  repairs  on  which,  up  to  the  time  of  examination,  had  been 
confined  to  the  replacement  of  wood  sleeves.  Only  a  small  percentage 
of  this  pipe  was  open  to  inspection.  This,  however,  showed  that  some 
of  the  wood  in  the  pipe  itself  had  been  attacked,  the  decay  being  con- 
fined largely  to  individual  staves  in  the  upper  half  of  the  pipe.  To  what 
extent  the  condition  of  the  small  portion  of  pipe  examined  may  be  indi- 
cative of  that  of  the  remainder  is  problematical. 

It  was  noted  that,  in  several  places  where  decay  had  occurred,  there 
were  in  evidence  hmidreds  of  insects  resembling  ants.  Whether  these 
were  cause  or  effect  could  not  be  determined. 

All  the  pipe  is  buried  in  loose,  sandy  soil.  The  winter  climate  is 
mild,  and  the  summer  is  hot,  the  temperature  frequently  rising  above 
100  degrees.  The  coating  appeared  to  be  the  manufacturers'  standard, 
consisting  of  asphalt  and  tar. 

This  pipe  is  not  included  under  the  conditions  predicated  in  the 
tabulation  quoted,  as  during  5  months  of  the  non-irrigating  season  it 
is  not  maintained  full.  It  is  probable,  however,  that  this  fact  is  only 
in  small  part  responsible  for  the  decay  observed.  It  will  be  necessary 
to  examine  a  larger  portion  of  this  pipe,  or  await  the  results  of  experi- 
ence with  it,  before  dependable  conclusions  can  be  drawn.  Neverthe- 
less, its  early  decay  in  spots  affords  ground  for  reducing  the  life  esti- 
mate, of  well-coated  fir  pipe  under  very  unfavorable  conditions,  from 
the  figures  given  in  the  tabulation  to  10  years  or  even  less. 

The  author  has  presented  his  case  with  clearness  and  ability,  and 
the  virtues  of  redwood  in  pipe  construction  are  well  brought  out. 

Although  the  paper  mentions  the  variability  of  wood  of  the  same 
species,  it  does  not  specifically  deal  with  the  variations  to  which  red- 
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wood  itself  is  subject.     The  wood  in  the  lower  30  ft.  of  a  large  redwood      Mr. 
tree  is  exceedingly  close-grained.     It  sinks  in  water  and  is  remarkable     ^°"^' 
for  its  long  life.     Fence  posts  made  of  it  have  lasted  more  than  50 
years. 

Higher  in  the  tree,  the  grain  gradually  becomes  coarser,  and  near 
the  top  it  shows  fewer  than  ten  rings  to  the  inch.  It  also  becomes 
ligiiter,  and,  although  no  specific  tests  are  known  to  the  writer,  it  is 
probable  that  the  life  of  redwood  as  well  as  fir  becomes  shorter  as  the 
grain  becomes  coarser.  In  the  past,  specifications  have  sometimes  called 
for  sinker  redwood,  but,  from  a  practical  mill  standpoint,  this  is  almost 
impossible  to  supply  in  large  quantities.  However,  in  scientifically 
drawn  specifications,  it  may  be  in  point  to  limit  the  coarseness  of  the 
grain,  the  more  so  as  the  superior  lightness  of  the  coarse-grained  wood 
offers  a  temptation  for  its  selection  (where  freight  charges  become  an 
important  item),  to  a  contractor  not  concerned  about  the  ultimate  life 
of  the  pipe. 

In  the  Northwest,  some  makers  of  w^ood  pipe  are  now  equipped  to 
furnish  creosotcd  or  otherwise  treated  fir  staves.  The  writer  sees  no 
reason  for  not  advancing  pipe  built  of  fir  properly  treated  from  Class 
B  to  Class  A  of  the  author's  specifications,  although  sufficient  time  has 
not  yet  elapsed  to  demonstrate  fully  either  the  complete  correctness  of 
this  or  the  most  economical  treatment  available  for  producing  the 
desired  result. 

The  proper  creosoting  of  pipe  staves  is  not  only  expensive  in  itself, 
but  also  adds  heavily  to  the  freight  charges  and,  to  some  extent,  to  the 
cost  of  pipe  erection.  In  some  sections  of  the  country  such  pipe  appears 
to  have  competed  successfully  with  untreated  redwood. 

It  is  also  as  yet  an  open  question  as  to  w^hat  is  the  life  of  exposed 
fir  pipe,  and  to  what  extent  its  life  is  extended  by  surface  coating. 
The  only  case  of  decay  of  such  pipe,  which  has  come  to  the  writer's 
attention  is  that  of  a  pipe  built  on  saddles  in  Utah  (listed  as  No.  16  in 
the  writer's  report),  and  this  was  after  12  years  of  service.  This  pipe 
was  not  coated,  and  other  uncoated  pipes  of  this  kind  showed  no  decay 
after  14  years;  and  the  writer  has  found,  in  the  New  England  States, 
sound  stave  pipe,  built  probably  of  native  pine,  and  resting  on  piers, 
in  regard  to  which  the  time  of  construction  reached  back  beyond  the 
memory  of  any  one  who  could  furnish  information. 

On  the  other  hand,  the  author  has  noted  decay  in  exposed  redwood 
pipe  in  Southern  California,  maintained  full  only  during  the  irrigation 
season,  and  less  than  15  years  old. 

The  author's  statement  regarding  the  superiority  of  air-drying  over 
kiln-drying  is  undoubtedly  true,  so  far  as  past  commercial  methods 
are  concerned.  It  is  understood,  however,  that  the  subject  of  kiln- 
drying  has  been  under  scientific  investigation  for  several  years,  and  it 
is  not  improbable  that  commercially  feasible  methods  will  be  perfected 
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Mr.      which  will  be  free  from  the  objections  of  wood  injury  to  which  reference 

Henny.  ■■ 

was  made. 

So  far  as  continuous-stave  pipe  is  concerned,  there  is  no  serious 
disadvantage  in  the  use  of  lumber  not  fully  dry,  and  a  rigid  adherence 
to  the  requirement  of  one  year's  air  seasoning  may  tend  to  place  a 
serious  limit  on  reasonable  competition,  or  even  make  it  impossible  to 
obtain  the  material  within  the  time  required. 

The  author  believes  that  the  use  of  inserted  or  slip- joint  pipe  is  not 
to  be  recommended.  The  only  pipe  of  this  kind  examined  by  the  writer 
was  made  of  fir  and,  so  far  as  the  joints  are  concerned,  was  entirelj' 
successful.  Pipe  of  this  kind  on  the  Sunnyside  Project  of  the  Reclama- 
tion Service  successfully  withstands  a  pressure  of  150  ft.  No  injury 
was  noted  in  handling  or  laying,  contrary  to  the  author's  fears,  which, 
however,  may  apply  more  specially  to  the  weaker  and  softer  redwood. 

It  is  noted  that,  in  the  classification  suggested  by  the  author,  Class 
A  pipe  is  to  have  a  life  of  25  years  or  more  under  all  conditions.  On 
further  thought  he  will  undoubtedly  desire  to  place  some  limitation  on 
these  conditions,  as  he  must  be  aware  of  several  instances  of  buried 
and  exposed  redwood  pipe  which,  owing  to  the  fact  that  it  is  not  com- 
pletely water-filled  at  all  times,  in  combination  possibly  with  the  use  of 
coarse-grained  wood,  has  sho\vh  a  comparatively  short  life. 

Some  30  years  ago,  when  continuous-stave  pipe  was  first  introduced 
into  the  Western  States  by  the  late  Charles  P.  Allen,  of  Denver,  Colo., 
it  was  looked  on  by  most  engineers  as  of  doubtful  utility.  It  has  gradu- 
ally established  itself  as  a  legitimate  type  which  can  be  adapted  to 
relatively  permanent  or  temporary  uses,  as  requirements  or  financial 
advantage  may  dictate. 

Experience  as  to  its  life  and  usefulness  is  in  fact  accumulating,  and 
renders  it  possible  to  proceed  with  a  steadily  growing  sense  of  security 
as  to  results,  to  which  the  able  exposition  of  fundamental  principles  by 
the  author  is  a  valuable  addition. 

Mr.  IIenry  p.  Eust,*  M.  Am.  Soc.  C.  E. — This  is  a  most  opportune 
"^  ■  time  to  advocate  the  use  of  wood  in  place  of  steel  for  all  construction 
purposes,  wherever  possible,  with  due  consideration  for  safety;  and, 
from  the  title  of  this  paper,  the  speaker  was  most  hopeful  that  it 
would  fill  a  much  needed  want.  However,  on  closer  examination,  the 
paper  is  most  disappointing,  as  it  is  evidently  an  attempt  to  advocate 
the  use  of  redwood  in  place  of  Douglas  fir  for  wood  pipes,  and  it 
does  not  offer  proper  proofs  for  such  statements  as  "Douglas  fir  and 
pine  are  fundamentally  inferior  to  redwood." 

Although,  in  the  early  days  of  the  use  of  such  pipe  in  the  West, 
redwood  was  practically  the  only  material  considered,  recently,  Douglas 
fir  has  been  more  generally  used.     On  this  account  the  highly  desirable 

•  New  York  City. 
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object  of  such  a  paper  will  be  defeated,  and  engineers  having  inde-  Mr. 
pendent  exi)erience  and  realizing  tlie  circumstances  will  hardly  treat  ^"'''" 
it  seriously.  It  will  be  unfortunate  if  the  discussion  turns  merely  into 
a  contention  between  the  makers  of  redwood  and  Douglas  fir  pipe,  as 
is  likely,  because  the  choice  of  material  is  not  the  most  important 
feature,  and,  under  proper  conditions  for  any  wood  pipe,  either  of 
these  woods  should  be  satisfactory. 

There  is  no  doubt  that  redwood  will  resist  decay  much  better  than 
Douglas  fir  or  long-leaf  pine,  when  used  in  any  location  where  it  will 
not  be  saturated  with  water;  but  it  has  always  been  considered  a 
condition  necessary  to  the  successful  use  of  wood  pipe  that  the  wood 
be  kept  saturated  and  the  pipe  full  of  water  practically  all  the  time. 
This  is  really  not  a  difficult  condition  to  meet,  and  will  not  cause 
the  rejection  of  wood  pipe  in  many  cases  where  it  might  otherwise  be 
used.  If  the  pressure  is  too  low  or  the  pipe  cannot  be  kept  filled,  a 
different  construction  can  probably  be  used,  which  will  give  better 
satisfaction,  with  a  comparatively  lower  first  cost.  The  contention, 
however,  that  even  redwood  pipe  should  be  used  where  the  staves  are 
not  to  be  kept  saturated  practically  all  the  time  can  hardly  be  sus- 
tained, and  although  it  may  have  proved  satisfactory  in  some  such 
cases  as  the  author  notes,  there  are  many  other  cases  where  it  has 
decayed  from  this  cause,  although  they  have  not  been  mentioned  in 
the  paper. 

There  are  other  causes  of  failure  besides  decay,  and  there  are 
objections  to  the  use  of  redwood.  The  wood  is  softer  and  much  more 
brittle  than  pine  or  fir.  It  cannot  stand  as  great  compression,  and, 
in  consequence,  such  pipe  is  more  subject  to  leakage,  to  overcome 
which  a  comparatively  larger  number  of  bands  should  be  used. 

The  Great  Xorthern  Power  Company  has  four  redwood  pipes,  each 
about  3  000  ft.  long.  The  first  three  were  constructed  about  10  years 
ago,  and  evidently  an  insufficient  number  of  bands  were  used  for  this 
material.  The  pipes  leak  quite  badly  in  places,  and  the  bands  have 
to  be  tightened  frequently.  This  is  a  more  serious  matter  than  would 
at  first  appear,  as  the  pipes  are  covered,  and  it  is  expensive  to  excavate 
the  back-filling  in  order  to  tighten  the  bands.  In  fact,  it  is  now' 
found  that  merely  tightening  the  bands  will  not  remedy  the  trouble, 
as  they  sink  into  the  soft  wood  so  that  the  leakage  soon  becomes  as 
bad  as  ever.  The  fourth  pipe,  w»hich  was  built  about  3  years  ago,  had 
a  much  larger  number  of  bands,  and  thus  far  it  has  been  satisfactory. 

It  is  reported  that  the  failure  of  the  redwood  pipe  used  by  the 
City  of  Provo  was  caused  by  the  bands  under  pressure  sinking  into 
the  wood  to  such  an  extent  as  to  cause  very  serious  leakage.  Recently, 
a  number  of  engineers  have  used  Douglas  fir  on  rather  large  and 
important  pipe  lines,  not  only  because  they  considered  that  where  the 
wood  was  kept  saturated,  Douglas  fir  w^ould  last  as  long  as  redwood, 
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Mr.  hut  also  because  it  is  stronger,  will  stand  more  distortion  without 
leakage,  and  is  much  cheaper. 

The  Guanajuato  Power  Company  has  also  had  some  trouble  with 
one  of  its  redwood  pipes  on  account  of  the  silt  in  the  water  scoring 
the  bottom  of  the  pipe.  There  has  been  considerable  wear  along  the 
bottom  staves,  particularly  at  some  of  the  butt  joints,  where  a  small 
pocket  has  been  eaten  into  the  staves,  about  one-third  of  the  way 
through.     This  pipe  has  been  in  use  for  about  10  years. 

One  of  the  largest  users  of  wood  pipe  is  the  Denver  Union  Water 
Company,  which  has  about  100  miles,  ranging  from  24  to  60  in.  in 
diameter.  The  Company's  first  large  pipe,  laid  in  1890,  is  of  long- 
leaf  pine,  and  is  still  giving  good  service.  The  next  pipe,  laid  a 
couple  of  years  later,  is  partly  of  pine  and  partly  of  redwood.  Since 
that  time,  Douglas  fir  has  been  used  in  all  the  wood  pipe  built  by 
the  Company,  and  it  has  evidently  been  found  very  satisfactory. 

There  are  also  various  examples  of  pine  pipe  in  the  East,  which 
have  proved  satisfactory,  one  of  which  might  be  mentioned.  The 
D.  E.  Converse  Company,  at  Glendale,  S.  C,  has  a  78-in.  pipe  made 
of  short-leaf  pine,  which  has  been  in  use  for  26  years.  There  is  back- 
filling around  the  lower  half  of  the  pipe,  and  the  pressure  is  compara- 
tively light,  only  a  few  feet  head.  Although  some  decay  has  taken 
place  on  the  outside  of  the  staves,  the  pipe  is  still  in  use  and  still 
satisfactory. 

The  author  speaks  of  fir  and  pine  being  coarse-grained,  but  such 
wood  is  hardly  suitable  for  pipe,  and  is  not  used  where  the  specifications 
are  properly  drawn  and  the  material  properly  inspected.  In  fact,  there 
is  now  a  specification  covering  the  density  of  fir,  which  it  is  to  be  hoped 
will  be  generally  adopted.  Fir  and  pine  staves  have  not  been  made  any 
thicker  than  those  of  redwood,  and  have  been  quite  satisfactory  under 
high  pressure. 

A  large  quantity  of  kiln-dried  fir  has  been  used  for  pipe,  and  has 
proved  satisfactory.  No  doubt  kiln  drying  does  make  redwood  very 
brittle;  it  should  be  air-dried.  This,  however,  is  a  disadvantage  of 
redwood  rather  than  of  fir. 

The  speaker  has  no  desire  to  advocate  the  use  of  fir  in  preference 
to  redwood,  as  he  considers  the  latter  equally  satisfactory  under  proper 
conditions.  However,  it  would  be  a  mistake  to  create  an  unfair 
prejudice  in  favor  of  one  as  against  the  other. 

There  has  been  considerable  discussion  lately  as  to  whether  wood 
pipe  should  be  buried  or  left  exposed,  and  as  to  whether  the  outside 
should  or  should  not  be  painted.  There  is  no  doubt  that  a  pipe 
should  be  buried  completely  at  least  2  ft.  below  the  surface,  or  left 
entirely  exposed.  However,  in  the  latter  case,  the  necessary  supports 
are  a  matter  for  serious  consideration,  esi^ecially  for  pipes  of  large 
diameter  on  soft  ground. 
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111  ii  ilry  cliniati'.  wliciv  a  i)ipi'  is  buried  in  a  dry,  sandy,  or  pervious  Mr. 
soil,  tlio  K'"<'i'"<^l  will  absorb  the  luoistiiri'  from  the  outer  shell  of  the  "**'■ 
WDod,  so  that  it  cannot  be  kept  saturated,  and  this  causes  a  condition 
favorable  to  decay.  Painting  the  outside  of  any  pipe  under  such 
conditions  would  be  most  advisable,  but  if  the  pipe  is  laid  in  wet  soil. 
where  the  ground  itself  is  always  saturated,  it  does  not  seem  logical 
to  paint  the  wood.  Also,  it  is  advisable  to  keep  the  pipe  away  from 
all  vegetable  matter  and  growing  plants,  the  roots  of  which,  will  absorb 
moisture  from  any  wood  and  cause  it  to  decay. 

Creosoting  may  be  advisable  to  meet  some  of  these  special  con- 
ditions. It  is  now  being  used  to  some  extent,  and  creosoted  fir  under 
ordinary  conditions  costs  only  a  little  more  than  redwood. 

As  to  the  statement  that  "a  coating,  to  be  effective,  should  be 
applied  diligently  and  often",  it  has  generally  been  considered  neces- 
sary to  coat  a  pipe  only  where  it  is  buried,  in  which  case,  of  course, 
it  is  impossible  to  paint  it  often. 

Regarding  the  standard  specifications  for  bands  submitted  by  the 
author,  as  stated,  it  is  quite  common  practice  to  use  a  factor  of  safety 
of  4  against  breaking  due  to  tension  caused  by  the  hydrostatic  pres- 
sure. However,  this  does  not  allow  anything  for  the  additional  tension 
required  to  keep  the  staves  tight  and  prevent  leakage;  and  a  factor 
of  safety  of  5  should  be  used,  or  some  additional  allowance  should 
be  made  for  the  extra  tension  required  for  tightness. 

A  working  stress  of  800  lb.  per  sq.  in.  for  the  bearing  strength 
of  the  wood  is  excessive.  It  has  been  found  that  one  of  the  causes 
of  decay  is  the  bruising  of  the  wood  through  excessive  pressure  on 
the  bands.  A  working  stress  of  400  lb.  per  sq.  in.  would  probably 
be  more  satisfactory,  and  would  not  require  the  addition  of  any 
large  number  of  bands,  except  in  the  cases  of  pipes  of  small  diameter. 
It  hardly  seems  reasonable  to  use  a  larger  working  stress  in  this  case 
than  that  usually  considered  good  practice  for  other  structures.  The 
experience  of  the  Great  Northern  Power  Company,  already  mentioned, 
bears  out  this  contention. 

Regarding  tlic  thickness  of  the  staves  in  Table  2,  there  is  a  jump 
from  2i  to  3J  in.  at  a  diameter  of  6  ft.  The  Douglas  fir  manufac- 
turers have  an  intermediate  standard  thickness  of  3  in.,  which  can 
be  used  for  pipes  from  6  ft.  up  to  9  or  10  ft.  in  diameter.  This  has 
been  quite  satisfactory,  and  makes  considerable  saving  in  the  quantity 
of  wood  required  for  pipes  between  these  sizes.  There  seems  to  be 
no  reason  for  not  using  an  intermediate  standard  thickness  of  3  in. 
witli  redwood. 

Regarding  the  author's  proposed  specifications  dividing  wood  pipe 
into  three  classes,  A,  B,  and  C,  according  to  the  wood  used,  apparently 
the  only  reason  for  this  is  to  have  an  opportunity  of  putting  redwood 
in  a  supposedly  much  superior  class  by  itself,  which,  of  course,  would 
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Mr.  give  the  manufacturer  of  redwood  pipe  a  good  excuse  for  asking 
higher  prices  for  his  product. 

It  would  be  much  more  logical  to  vary  the  thickness  of  the  staves, 
the  band  spacing,  and  other  details  which  have  more  effect  on  the 
cost  of  a  pipe,  and  to  have  three  tables  such  as  Table  2,  one  for  each 
of  the  diilerent  classes.  Otherwise,  the  specifications  are  those  gen- 
erally proposed  by  the  manufacturers  of  redwood  pipe. 

As  stated  by  the  author,  there  is  no  reason  for  not  making  the 
specifications  for  fir  as  strict  as  those  for  redwood.  However,  this  is 
the  fault  of  the  lumber  mills.  The  proprietors  of  Douglas  fir  mills 
have  not  shown  themselves  to  be  very  broad-minded  in  many  ways, 
and  have  done  nothing  to  encourage  the  use  of  wood  pipe. 

It  would  be  of  considerable  advantage  if  the  wood  stave  pipe 
manufacturers  had  an  association,  organized  on  the  same  lines  as 
the  Portland  Cement  Manufacturers'  Association,  which  would  be  in 
a  position  to  give  disinterested  and  authoritative  data  regarding  wood 
pipe  on  which  engineers  could  depend;  and  it  would  result,  no 
doubt,  in  the  use  of  a  much  larger  quantity.  It  would  also  be  of  con- 
siderable help  to  engineers  if  manufacturers  would  keep  a  stock  of 
pipe  or  pipe  material  on  hand  at  some  point  in  the  East,  so  that  in 
case  of  emergency  it  would  not  be  necessary  to  wait  a  month  or  two 
in  order  to  obtain  material  from  the  West. 

Wood  stave  pipe  has  been  in  general  use  in  comparatively  important 
works  for  about  30  years.  This  should  be  a  sufficient  length  of  time 
for  engineers  to  judge  of  its  permanence,  the  precautions  to  be  taken 
with  it  under  different  conditions,  and  to  determine  what  constitutes 
a  safe  design.  However,  as  the  author  states,  many  engineers  in  the 
East  still  regard  such  pipe  with  suspicion,  owing  chiefly  to  reported 
failures  which,  when  investigated,  show  either  that  wood  pipe  should 
never  have  been  used,  or  that  proper  precautions  had  not  been  taken 
to  meet  the  special  conditions.  There  has  been  ample  experience 
with  such  pipe,  and  much  information  has  been  published  regarding 
it.  It  is  now  possible  to  find  out  what  constitutes  good  practice,  and, 
of  late,  there  have  not  been  as  many  failures  reported  as  in  the  early 
years  of  its  use.  At  the  present  prices,  wood  stave  pipe  costs  only 
about  one-third  or  one-fifth  as  much  as  steel  pipe,  under  conditions 
where  either  could  be  used. 

Mr.  F.  M.  RoBBiNS,"-^  EsQ. — It  has  been  suggested  that  there  is  a  lack 

of  co-operation  among  the  wood  stave  pipe  manufacturers.  This  is  true; 
and  it  has  held  back  the  development  to  which  good  wood  pipe  is 
entitled.  A  closer  association  would  result  in  the  elimination  of  the 
poorer  pipe  which  causes  most  of  the  unpleasant  notoriety.  It  is  not 
a  question  of  redwood  or  fir,  but  of  proper  design  and  construction, 

*  Secy.,  The  Marion  Malleable  Iron  Works,  Marion,  Ind. 
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as   investigation   shows   that   most   failures    in    wood   pipe   arc   due   to       Mr. 
desi{?n  hy  inexperienced  cns:ineers,  or  construction  by  outside  CDutrac-  ^°*^'^'"'' 
tors.     A  standard  specification  for  wood  stave  pipe  is  urgently  needed 
to  guide  the  engineer  and  eliminate  the  contractor  who  builds  on  a 
price  basis  only  in  keen  competition  with  the  established  pipe  builders. 

As  stated  in  the  paper,  there  is  "provision  for  rigid  supervision 
of  the  bands,  though  adequate  stress  is  not  laid  on  the  requirements 
for  the  shoes,  which,  after  all,  must  be  capable  of  developing  the 
full  strength  of  the  band." 

The  cases  cited  are  only  a  few  of  those  in  which  shoes  were  used 
which  developed  only  partly  the  strength  of  the  bands.  The  cost  of 
the  shoe  is  insignificant  as  compared  with  that  of  the  band,  and  yet 
its  weight,  on  lines  where  price  competition  is  keen,  is  frequently 
reduced  to  a  point  where  the  value  of  the  steel  wasted  amounts  to 
several  times  that  of  the  shoes,  and  the  pipe  banding  is  less  than  half 
as  efficient. 

Furthermore,  tons  of  excess  weight  have  been  buried  where  the 
shoes  were  hea\ier  than  needed,  or  where  the  metal  in  them  was  not 
properly  distributed. 

Standard  lines  of  properly  designed  and  thoroughly  tested  shoes 
have  been  developed,  and  these  can  be  used  with  safety  where  the 
specifications  are  rigid  enough  to  admit  no  variation  or  substitution 
by  the  contractor. 

The  specification  for  pipe  shoes  advanced  by  Mr.  Partridge  is  much 
better  than  those  heretofore  oifered,  but  it  is  not  yet  as  rigid  as  it 
should  be.  The  advance  in  malleable  iron  has  made  it  possible  to 
secure  an  even  better  quality,  and  the  specification  should  read: 
"Shall  have  a  minimum  tensile  strength  of  45  000  lb.  per  sq.  in.,  and 
a  minimum  elongation  of  7^.%  measured  in  2  in." 

The  strength  of  the  shoe  should  be  stated  definitely  as  the  elastic 
limit,  there  having  been  cases  where  this  was  evaded  by  using  the 
ultimate  strength  of  the  shoe  as  compared  to  the  elastic  limit  of 
the  band. 

The  coating  of  malleable  iron  is  a  question  that  will  bear  further 
investigation,  as,  generally  speaking,  malleable  iron  does  not  corrode, 
to  an  appreciable  extent,  after  the  first  or  surface  oxidation.  The 
coatings  now  applied  are  unnecessary  in  ordinary  circumstances;  and, 
under  abnormal  conditions,  galvanizing  or  coating  with  red  lead  should 
be  recommended. 

"WiLMAM  J.  Boucher,"  Assoc.  M.  Am.  Soc.  C.  E. — The  use  of  wood  Mr. 
stave  pipe  is  somewhat  limited  in  the  East,  but  a  pipe  of  this  material 
has  been  completed  recently  for  the  water  supply  of  Watervliet, 
N.  Y.,  under  the  direction  of  G.  R.  Solomon  and  P.  H.  Norcross, 
Members,  Am.  Soc.  C.  E.  In  New  York  City,  however,  there  is  a 
type  of  stave  pipe  which  is  hidden  from  the  public  view  so  completely 

♦  New  York  City. 
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Mr.  that  comparatively  few  are  aware  of  its  existence.  Reference  is 
ouc  er.  jj-,^^g  ^Q  ^Yie  sewer  outlet  barrel  pipes  built  under  the  piers  on  the 
North  and  East  River  fronts.  As  a  sewer  outlet  at  the  bulkhead  wall 
would  be  very  objectionable,  all  sewers  are  extended  to  the  pier  head 
line  by  constructing  the  wood  barrel  for  the  full  length  of  the  pier 
at  the  foot  of  the  street  in  which  the  sewer  is  built.  These  wooden 
pipes  have  been  the  subject  of  special  study  by  the  Bureau  of  Sewers 
of  x^ew  York  City  for  some  time,  and  are  now  standardized. 

Of  course,  such  pipes  need  not  be  designed  for  the  high  pressures 
encountered  in  water  supply  systems,  as  the  sewers  seldom  flow  full. 
They  are  built  of  creosoted  lumber  in  order  to  protect  them  from 
the  effects  of  alternate  wetting  and  drying,  due  to  the  rise  and  fall 
of  the  tides.  The  invert  is  frequently  at  or  near  mean  low  water  (in 
order  to  obtain  as  much  fall  as  possible),  and  this  causes  the  upper 
portions  of  the  barrel  to  be  submerged  only  for  the  short  period  of 
high  tide.     Fig.  1  shows  the  design  for  one  of  the  most  recent  sewers. 


SECTION  OF  STAVE 
FOR  5-FT.  BARREL  SEWER 


The   following   are   the   standard   specifications   of   the   New   York 
City  Bureau  of  Sewers: 


Specifications  for  Wooden  Barrel  Sewer. 

^'Wooden  barrel  sewers  shall  be  built  of  creosoted  wooden  staves 
held  in  place  by  galvanized  metal  bands,  and  supported  by  timber 
framework. 

"All  the  timber  used  in  the  construction  of  the  barrel  staves  shall 
be  sound  commercial  short-leaf  yellow  pine,  free  from  the  following 
defects :  large,  loose,  unsound  or  hollow  knots,  through  shakes  or  round 
shakes,  worm  holes  and  knot  holes.  All  pieces  shall  show,  either, 
one  heart  face  or  two-thirds  heart  on  both  sides. 

"Timber  required  for  the  permanent  support  of  the  sewer  shall  be 
long-leaf  yellow  pine  of  the  quality  known  as  'Merchantable,'  graded 


I'apers.]  DISCUSSIOX    OX    WOOD    STAVK    PIPE    DESIGN  _        1345 

in  accordance  with  the  rules  known  as  the  'Inter-state  Rules  of  1905,       Mr. 
Ado})ted  by  tlie  New  York  Lumber  Trade  Association.'  Boucher. 

"The  barrel  staves  shall  be  accurately  milled  on  all  sides  to  exact 
shape,  so  that  they  will  form  a  sewer  with  tight  joints  true  to  the 
required  dimensions. 

''The  Contractor  shall  make  such  tests  of  the  materials  and  samples 
as  required,  and  aflford  every  facility  requested  for  measuring-  tanks, 
cylinders,  gauges,  etc.,  and  for  taking  and  analyzing  samples  as  often 
as  may  be  deemed  necessary,  including  the  use  of  a  properly  equipped 
laboratory  and  other  necessary  apparatus.  The  manufacturer  shall 
equip  his  plant  with  all  necessary  gauges,  appliances,  and  facilities 
to  demonstrate  that  the  requirements  of  the  specifications  are  being 
fulfilled. 

"Upon  notice  from  the  Contractor  that  it  is  ready  for  inspection, 
all  timber  and  staves  (after  the  staves  have  been  milled)  shall  be 
examined  at  the  one  time  prior  to  creosoting.  Rejected  timber  shall 
be  separated  from  that  approved,  and  the  approved  timber  only  shall 
be  creosoted.  The  Contractor  shall  give  ample  notice  to  the  Engineer 
so  that  he  may  arrange  for  inspecting  the  creosoting  at  the  place  of 
manufacture. 

''The  creosoting  of  the  timber  shall  consist  of  two  operations : 

"a. — The  preliminary  application  of  steam  and  vacuum. 

"h. — The  injection  of  a  minimum  average  of  18  lb.  of  oil  into  each 
cubic  foot  of  timber.  In  addition  to  this  minimum  average, 
additional  oil  shall  be  injected  into  the  timber,  depending 
upon  the  physical  condition  of  the  timber,  suiBcient  to  render 
it  possible  to  meet  the  5%  absorption  test  specified  herein. 

''The  preservative  to  be  used  shall  be  a  distillate  of  coal  gas  or  coke- 
"ven  tar,  and  shall  be  free  from  all  adulteration  and  contain  no  raw 
tar,  filtered  or  unfiltered  tars,  or  pitches,  petroleum  compound,  or 
other  tar  products. 

"It  shall  be  completely  liquid  at  38°  cent,  and  shall  have  a  specific 
gravity  at  that  temperature  of  not  less  than  1.03  nor  more  than  1.08. 

"It  shall   contain   not  more  than   2%   of  matter  insoluble  by  hot   • 
extraction  with  benzol  and  chloroform. 

"On  distillation,  which  shall  be  made  according  to  the  Borough 
President's  standard  method  of  tests,  the  description  of  which  is  on 
file  in  the  ofiice  of  the  Engineer,  the  distillate,  based  on  water  free 
from  oil,  shall  be  within  the  following  limits : 

"At  210°  cent.,  not  more  than  5  per  cent. 
At  235°  cent.,  not  more  than  38  per  cent. 
At  315°   cent.,  not  more  than  85  per  cent. 

"The  distillate  between  210°  cent,  and  235°  cent.,  shall  yield  solids 
on  cooling  to  15°  cent.  The  preservative  shall  contain  not  more  than 
'■■>%  of  water. 

"Sam])les  of  the  preservative  taken  from  the  treating  tank  during 
treatment  shall  at  no  time  show  an  accumulation  of  more  than  2% 
of  saw-dust,  dirt,  or  other  foreign  matter.  Due  allowance  shall  be  made 
for  such  accumulation  of  foreign  matter  by  injecting  an  additional 
quantity  into  the  blocks. 


1346  DISCUSSION    ON    ^VOOD    STAVE    PIPE    DESIGN  [Papers. 

Mr.  "Before  being  treated,   the   timber   shall   be   air-dried   to   such   an 

Boucher,  g^-^^j^^  ^j^g^^  j^g  -weight  per  cubic  foot  does  not  exceed  50  lb. 

"Live  steam  shall  be  admitted  into  the  cylinder,  and  applied  to 
the  timber,  and  gradually  raised  during  a  period  of  1  hour,  to  a  boiler 
gauge  pressure  of  15  lb.  at  185°  Fahr.,  and  maintained  for  a  period 
of  2  hours  for  the  timbers  weighing  40  lb.  per  cu.  ft. ;  or  it  shall  be 
gradually  raised  during  a  period  of  2  hours  to  a  boiler  gauge  pressure 
of  25  lb.  at  220°  Fahr.,  and  maintained  for  5  hours  for  the  timbers 
weighing  50  lb.  per  cu.  ft. ;  then  a  vacuum  of  about  23  in.  shall  be 
api)lied  for  1^  hours  for  the  timbers  weighing  40  lb.  per  cu.  ft.,  and 
for  2^  hours  for  the  timbers  weighing  50  lb.  per  cu.  ft.,  with  the 
temperature  of  the  cylinder  maintained  at  150°  Fahr.  For  interme- 
diate weights  of  timber  the  above  treatment  shall  be  varied  as  directed. 
Timbers  whose  average  weight  per  cubic  foot  varies  by  more  than 
5  lb.  shall  not  be  treated  in  the  same  charge. 

"Oil  at  not  less  than  180°,  nor  more  than  190°,  shall  then  be 
admitted  into  the  cylinder,  and  the  pressure  gradually  raised  during 
a  period  of  3  hours  to  165  lb.,  or  until  an  average  minimum  of  at 
least  18  lb.  of  oil  per  cu.  ft.  has  been  forced  into  the  timber,  and, 
if  necessary,  an  amount  in  addition  thereto  sufficient  to  render  it 
possible  to  meet  the  5%  absorption  test  specified  herein.  During  this 
period  the  temperature  of  the  oil  shall  not  be  allowed  to  fall  below 
165°  Fahr.     The  free  oil  shall  then  be  expelled  from  the  cylinder. 

"After  treatment,  the  timber  shall  be  held  in  the  cylinder  for 
about  1  hour,  and  shall  then  be  withdrawn.  The  treated  timber  shall 
be  protected  from  the  direct  rays  of  the  sun,  and  shall  be  loaded  for 
delivery  within  48  hours  after  withdrawal  from  the  cylinder. 

"After  delivery,  but  before  placing  in  the  structure,  the  timber 
shall  show  such  water-proof  qualities  that,  after  being  dried  in  an 
oven  at  a  temperature  of  100°  Fahr.,  for  a  period  of  24  hours,  weighed, 
and  then  immersed  in  clean  water  for  a  period  of  24  hours,  and 
again  weighed,  the  gain  in  weight  shall  not  exceed  5  per  cent. 

"The  barrel  sewer  shall  be  built  so  as  to  form  a  continuous  struc- 
ture, unless  otherwise  directed.  If  built  as  a  continuous  structure, 
each  stave  shall  be  placed  so  as  to  form  a  lap  of  at  least  4  ft. 
with  the  adjoining  stave.  Each  stave,  as  put  in  place,  shall  be  nailed 
to  the  adjoining  stave,  in  place,  with  tinned-wire  nails  7  in.  lon^, 
spaced  at  intervals  not  exceeding  3  ft.  Staves  shall  be  thoroughly 
fastened  to  each  other  and  to  the  frame  and  chocks,  and  shall  be 
not  less  than  20  ft.  in  length,  except  at  closures. 

"All  joining,  framing,  and  mortising  shall  be  done  in  a  workmanlike 
manner.  Holes,  of  the  sizes  required,  shall  be  bored  for  all  spikes 
and  bolts. 

"The  acceptance  of  material  at  the  plant  of  manufacturer  i.-^ 
tentative  only,  and  the  City  reserves  the  right  to  reject  shipments, 
in  whole  or  in  part,  after  delivery  on  the  line  of  work,  if  the  material 
fails  to  comply  with  the  requirements  of  the  plans  and  specifications. 

"Galvanized  wrought-iron  or  steel  bands,  saddles,  hangers,  man- 
hole covers  and  frames,  angles,  bolts,  washers,  etc.,  including  all 
metal  required  in  the  permanent  structure,  shall  be  furnished,  placed. 


I'a|"'r>l  DISCUSSlOX    OX    AVOOD    STAVE    TITE    DESIGX  1347 

and  adjusted  as  shown  on  the  phins  and  in  aceordance  with  tlie  require-       Mr. 
meiits  of  these  specifications.  Boucher. 

"The  steel  and  wrought  iron  shall  comply  with  the  requirements, 
and  be  subject  to  the  tests  provided  in  the  standard  specifications 
most  recently  adopted  by  the  American  Society  for  Testing  Materials. 

"The  bands,  saddles,  hangers,  manhole  covers  and  frames,  shall 
be  brought  to  true  dimension  and  shape  indicated  on  the  plans  before 
galvanizing,  "i'he  extra  thickness  of  the  band  shall  be  obtained  by 
'upsetting'  the  ends.  Allowance  shall  be  made  in  threaded  articles  so 
that  the  parts  may  screw  together  after  galvanizing  without  recutting 
the  threads.  Samples  of  the  metal  to  be  used  in  the  structure  shall 
be  submitted  for  test  and  approval  before  galvanizing.  Approved 
metal  shall  be  galvanized  as  follows :  the  iron  and  steel  surfaces  must 
first  be  cleaned  of  all  scale  and  rust  by  means  of  steel  brushes  and  a 
dilute  sulpluu'ic  acid  bath.  When  cleaned,  the  metal  shall  be  plunged 
into  a  bath  of  molten  zinc  covered  with  sal-ammoniac. 

''The  galvanizing  must  show  an  even  distribution  of  zinc  over 
the  entire  surface  of  the  steel  or  iron,  bright  in  color,  and  not  blotchy 
in  appearance.  At  least  1  lb.  of  zinc  shall  be  applied  to  every  6  sq.  ft. 
of  surface." 

J.  C.  K.VLSTOX,*  M.  Am.  Soc.  C.  E.  (by  letter). f — A  more  or  less  Mr. 
continuous  experience  of  nearly  18  years  in  the  use,  design,  and 
operation  of  wood  stave  pipe,  and  a  fairly  intimate  knowledge  of 
manufacturing  methods,  during  which  time  the  writer  has  had  to 
do.  in  a  consulting  capacity,  with  more  than  3  840  miles  of  all  sizes, 
including  more  than  40  miles  of  continuous  stave  pipe  of  an  average 
diameter  of  70  in.,  impels  him  to  discuss  briefly  certain  phases  of 
Mr.  Partridge's  paper,  and  to  call  attention  to  some  incorrect  state- 
ments and  immature  conclusions. 

The  author  says,  on  page  568,:}: 

"In  machine-banded  pipe  there  is  absolutely  no  basis  for  the 
present-day  so-called  specifications." 

;       This  needs  no  comment  other  than  to  add  that  the  specifications 

[suggested  in  the  Appendix  are  not  equal  to  those  of  the  best  practice. 

The  basis,  foundation,  groundwork,  or  controlling  principle  on  which 

the  author's  or  any  other  engineer's  specifications  for  wood  pipe  are 

drawn,  is  the  same,  namely,  the  need  for  a  wood  pipe. 

The  evolution  of  the  wood  pipe  specifications  has  passed  through 
a  lung  period,  and  has  engaged  the  efforts  of  such  distinguished  engi- 
jneers  as  the  late  J.  D.  Schuyler,  J.  T.  Fanning,  A.  L.  Adams,  Mem- 
'bers,  Am.  Soc.  C.  E.,  and  others,  not  to  mention  any  of  the  present- 
day  lesser  lights,  and  it  is  known  that  they  found  a  very  substantial 
and  satisfactory  basis  for  both  the  specifications  and  the  pipe. 


*  .Spokane.  Wash. 

t  Received  by  the  Secretary,  July  5th,  1917 

t  I'loct'cditigs,  Am.  Soc.  C.  E.,  April,   1917. 
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Mr.  Again,  in  reference  to  fir  (yellow  pine,  Oregon  pine),  on  page  577,* 

■  the  author  states  that  the  oldest  lines  have  been  built  not  more  than 
10  years. 

It  is  useless  to  encumber  the  record  with  a  long  list.  Two  or  three 
citations  may  be  permissible:  The  Garoga  River  Project,  in  Fulton 
County,  New  York,  is  noteworthy.  This  power  plant  was  built  in 
1850,  and  served  until  a  fire  destroyed  the  mill  in  1903.  The  original 
project  comprised  a  triangular  timber  crib  dam  (Fig.  2),  about  15  ft. 
high,  much  the  same  as  those  of  the  simpler  types  constructed  by 
Mr.  James  F.  Smith,  Chief  Engineer,  in  1818  and  1819,  for  the 
Schuylkill  Navigation  Company — structures  which  served  from  40 
to  50  years.  The  dam  was  connected  to  the  mill  about  600  ft.  down 
stream  by  a  30-in.  wood  stave  pipe,  through  which  the  water  was 
delivered  to  an  overshot  wheel  about  10  ft.  in  diameter.  The  pipe 
staves  were  of  hard  pine,  2-in.  scantling,  jack-planed  on  their  edges 
to  the  proper  bevel,  and  then  assembled.  The  bands  or  hoops  were 
of  2-in.,  16-gauge,  old-process,  puddled  iron,  and  were  as  well  preserved 
as  the  staves  when  the  line  was  put  out  of  commission.  Angles  in 
the  pipe  line  were  turned  through  wood  stave  pipe  wells,  after  the 
manner  of  a  sewer.  The  line  has  fallen  into  decay  since  the  mill 
was  burned  in  1903. 

Aside  from  the  historical  engineering  interest  of  such  a  well-designed 
piece  of  work,  as  well  as  its  significance  as  a  forerunner  of  the  hydraulic 
end  of  the  modern  power  plant,  the  three  outstanding  features  of 
interest  at  present  are  that  the  staves  were  of  hard  pine,  that  they 
were  in  substantially  as  good  a  state  of  preservation  as  the  iron 
bands  at  the  end  of  50  years,  and  that  the  line  had  a  life  so  much 
longer  than  10  years. 

In  1913,  a  new  power  project  replaced  this  primitive  plant,  and 
includes  about  2  miles  of  7S-in.  wood  stave  pipe  under  a  maximum 
head  of  160  ft.  (Fig.  3.)  After  an  extensive  inquiry  into  the  merits 
of  various  woods,  Douglas  fir  was  selected  for  this  pipe. 

Another  of  the  pioneer  lines  in  wood  stave  pipe  construction  is 
that  built  by  the  late  Mr.  Fanning,  at  Manchester,  N.  H.,  in  1874. 
This  was  a  buried  line,  and  was  put  in  operation  in  the  spring  of 
that  year.  It  continued  in  operation  for  40  years,  and  was  finally 
displaced,  not  because  the  pipe  was  in  bad  condition,  but  because  a 
new  power  installation  with  a  higher  head  and  a  new  location  had 
to  be  chosen.  Mr.  Fanning's  line  was  72  in.  in  diameter,  and  was 
of  4-in.  ''hard  pine  staves     *     *     *     cut  from  pitch-pine  plank."t 

Here,  again,  is  another  notable  example  of  hard  pitch-pine  stave- 
serving  for  four  decades  instead  of  one. 

*  Proceedings,  Am.  Soc.  C.  E.,  April,  1917. 
t  Transactions,  Am.  Soc.  C.  E.,  Vol.  VI,  p.  69. 
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Flu.  2. —  Dam  and  Intake  of  Gakoga  River  Plant  Eight  Years  After  it 
Went  Out  of  Commission. 


;\   liiVKK  Pin:  Lixi:  :   7S-I.\ch,  C(>.\  i  imou.s-Stave  Li.\e,  of 
Dolglas  Fir. 
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Another  classic  exaiiiplr  is  the  Ofidcu  pipe  line.     It  contains  27  000      Mr. 
ft.  of  Douglas  rir  stave  pipe.  72  in.  in  diameter,  under  a  head  of  from 
:>^  to  117  ft.,  au'ri  was  constructed  in  1896. 

Henry  Goldmark,  M.  Am.  See.  C.  E.,  describing  this  line,  stated, 
among  other  things,  "A  new  departure,  too,  is  the  use  of  Douglas  fir 
in  place  of  California  redwood.  The  former  timber  is  much  harder 
!ind  stitfer."*  D.  C.  Henny,  M.  Am.  Soc.  C.  E.,  in  the  ensuing 
discussion,  remarked.  ''The  use  of  Douglas  fir  in  stave-pipe  construc- 
tion can  liardly  be  called  a  new  departure,  as  almost  all  the  stave 
pipes  l)uilt  in  Washington,  Oregon,  and  British  Columbia  were  con- 
structed of  that  material."  The  late  Arthur  L.  Adams,  M.  Am.  Soc. 
C.  E.,  in  a  continuance  of  the  same  discussion,  added.  ''The  author 
[Mr.  Goldmark]  is  mistaken  in  thinking  the  stave  pipe  [Ogden  line] 
a  pioneer,  either  in  its  diameter  or  in  the  use  of  Douglas  fir  for  staves. 
Several  conduits  6  ft.  in  diameter  have  previously  been  built,  while 
the  same  quality  of  timber  has  been  repeatedly  employed." 

Here.  then,  are  prominent  engineers  engaged  in  discussing  this 
type  of  pipe  with  Douglas  fir  staves,  and  not  redwood,  20  years  ago; 
and.  later,  in  the  U.  S.  Forest  Service  Bulletins,  there  are  references 
to  Douglas  fir  or  Oregon  pine  as  "the  most  important  of  American 
woods",  and  "as  a  structural  timber  it  is  not  surpassed." 

The  -writer  presumes  to  assert  that  had  the  author  known  more 
history,  and  had  he  been  familiar  with  woods  other  than  redwood, 
he  hardly  w(nild  liave  made  the  following  misleading  statements  if 

"In  all  the  discussions  it  is  noticeable  that  there  are  no  references 
to  cases  where  wood  stave  pipe  has  been  constructed  or  operated  suc- 
cessfully, or  unsuccessfully,  for  a  number  of  years.  Actual  cases 
where  it  has  been  in  service  long  enough  to  give  an  idea  of  its  dur- 
ability are  wanted  by  engineers." 

***** 

''Fir  is  the  pipe  that  has  failed,  the  oldest  lines  having  been  built 
not  more  than  10  years     *     *     *." 

Yet,  at  the  same  time,  he  admits  that  "Fir  and  pine  are  pitchy 
woods."  The  inescapable  but  (the  writer  is  persuaded)  unintentional 
paradox  by  the  author  is  that  pitchy  woods  are  long-lived. 

The  superior  physical  and  mechanical  qualities  of  Douglas  fir 
are  now  well  known  to  the  Profession,  and  it  is  unjust,  misleading, 
and  not  in  the  interest  of  scientific  truth  for  the  author  to  state 
directly  and  by  repeated  imi)lications  that  Douglas  fir  is  inferior  to 
redwood.  Both  are  excellent  woods,  the  best  knoAvn  for  stave  material. 
Although  the  writer's  experience  of  18  years  in  stave  pipe  construction 
definitely  commits  him  to  Douglas  fir,  he  would  not  belittle  the 
excellent   qualities    of   redwood.      If   he   did,   he   could    cite   exam])les 

•  Transactions,  Am.  Soc.  C.  E.,  Vol.  XXXVIII,  pp.  268,  311-.312. 
f  Proceedings,   Am.   Soc.   C.   E.,   April,   1917,   pp.   561,   577. 
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Mr.  wherein  redwood  lines  have  been  repaired  with  Douglas  fir  staves. 
'  Doubtless,  instances  might  also  be  cited  involving  the  opposite 
practice. 

Side  by  side  and  under  identical  conditions,  one  wood  will  last 
as  long  as  the  other,  except  in  the  case  of  continuous  stave  lines, 
when  Douglas  fir  will  take  the  premier  position.  Not  only  is  this 
the  writer's  mature  judgment,  but  the  latest  practice  of  some  of  the 
leading  engineering  corporations,  and  some  of  the  most  eminent 
consulting  engineers  confirm  the  latter  part  of  this  statement.  Thus, 
the  two  largest  continuous  stave  lines  in  the  West,  162  and  168  in.  in 
diameter,  respectively,  Figs.  4  and  5,  and  the  largest  in  the  Atlantic 
States,  144  in.  in  diameter,  two  of  which  are  for  commercial  plants 
and  one  for  railroad  electrification,  built  within  the  last  3  years,  are 
of  Douglas  fir.  One  of  the  Western  lines  is  buried,  the  others  are 
above  ground. 

In  the  matter  of  the  wire-wound  type,  from  2  to  24  in.  in  diameter, 
used  in  domestic  water  supplies,  the  greatest  annoyance  has  arisen 
in  cases  where  the  purchaser  has  insisted  on  the  cheapest  possible 
pipe,  with  sap  staves  and  light  wire,  regardless  of  the  assurance  that 
heavier  wire  and  selected,  sapless  staves  would  give  better  and  longer 
service.  In  the  course  of  time — the  purchaser  having  been  displaced 
by  a  new  operator  and  the  purchaser's  demands  forgotten — criticism, 
and  sometimes  condemnation,  of  all  wood  pipe  has  resulted. 

It  is  true,  as  the  author  suggests,  that  the  nature  of  the  back-fill 
often  has  much  to  do  with  the  life  of  the  pipe.  Careless  or  ignorant 
methods  in  laying  the  pipe  and  in  back-filling  the  trenches  are  the 
cause  of  trouble  and  reduced  life.  The  most  important  consideration, 
next  to  the  quality  of  the  pipe,  is  the  selection  of  clean  earth 
back-fill  devoid  of  vegetable  mould,  roots,  grass,  sod,  or  other  unstable 
material,  as  well  as  its  proper  compaction,  preferably  for  the  full 
depth  of  the  trench.  Percolating  swamp  waters  are  very  destructive. 
Their  carbon  dioxide  is  the  arch  enemy  of  wire,  rods,  and  steel  pipe, 
although  not  particularly  harmful  to  the  stave  wood.  The  life  of  a 
buried  pipe  is  always  increased  materially  when  percolating  waters, 
free  or  entrained  oxygen,  leaching  processes,  or  the  formation  of 
alkaline  salts  are  excluded.  The  writer  has  examined  municipal  pipe 
lines  which  had  been  laid  for  10,  12,  and  14  years  under  compacted 
clay  back-fill,  and  found  the  galvanizing  on  the  wire  as  bright  as 
when  it  left  the  factory;  and  the  tar  coating  on  the  stave  had  to 
be  scraped  away,  in  order  to  reach  the  wood,  which  was  in  perfect 
condition.     An  indefinite  life  could  almost  be  ascribed  to  such  lines. 

The  writer  can  well  understand  how  such  careful  methods  of 
back-filling  might  largely  account  for  the  well-preserved  specimens 
of  wood  pipe  that  have  been  exhumed,  from  time  to  time,  in  London 
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Fig.  4. — FouuTEKN-FooT  Ld-NE  OF  Montana  Powkk  Company,  Near  Great 
Falls,  Mont.,  of  Douglas  Fir. 


Fig.  5. — Anothi.u   \'ii:\v  of   ll-Fnnr  I^ini;  hk  Montana  Power  Company. 
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and  some  of  the  older  American   cities,  which  had  been  buried   from      Mr. 
one  to  two  centuries.  Ralston. 

On  the  other  hand,  the  writer  has  examined  lines,  tlie  porous 
back-fill  of  which  liad  been  percolated  and  partly  washed  away  by 
continuously  flowing  swamp  water,  and  has  found  that  the  wire 
banding  had  been  destroyed  in  3  years.  Thus,  there  are  other  elements 
than  the  selection  of  good  materials,  or  the  manufacturer's  technology', 
which  profoundly  affect  the  life  of  wood  stave  pipe. 

The  use  of  wood  stave  pipe  and  the  science  of  its  construction, 
when  left  in  the  hands  of  experienced  engineers,  now  rests  on  a 
sound,  intelligent,  and  definite  economic  basis.  Its  use  is  no  longer 
experimental  or  a  makeshift.  Neither  are  its  design,  materials, 
manufacture,  or  erection  invested  with  the  uncertainties  ascribed  by 
the  author.  It  is  true  that  in  wood  pipe,  as  in  nearly  all  classes  of 
engineering  products,  poor  materials  and  workmanship  are  sometimes 
found,  but  that  does  not  condemn  the  type,  nor  is  the  technology 
of  the  subject  so  impoverished  that  it  can  be  metamorphosed  by  the 
one-sided  specifications  suggested  by  the  author. 

Except  in  the  most  obvious  cases  of  temporary  service,  there 
should  be  only  one  standard  of  excellence,  namely,  the  best.  The 
variables  in  dimensions,  strength,  and  materials  are  fixed  by  service 
demands,  and  are  well  understood  and  simple. 

Contrary  to  the  author's  statements,  the  quality  and  kind  of 
material  in  the  staves  are  well  defined  in  the  manufacturers'  and  in 
the  latest  Reclamation  Service  specifications.  The  following  is  quoted 
from  Specifications  Xo.  T3-D,  IJ.  S.  Keclamation  Service,  Shoshone 
Project,  Wyoming,  dated  March  26th,  1917,  and  may  be  taken  as 
representative  of  good  practice : 

'"All  lumber  used  in  staves  shall  be  Douglas  fir.  It  shall  be  sound, 
straight-grained,  and  free  from  sap,  dry  rot,  checks,  wind  shakes, 
wane,  and  other  imperfections  that  may  impair  its  strength  or  dur- 
ability. Pitch  seams  will  be  permitted  in  not  more  than  10%  of 
the  total  number  of  pieces,  it  showing  en  the  edge  only,  and  if  not 
longer  than  4  in.  nor  wider  than  ^s  ^^-'^  i^o  through  knots  or  knots 
at  edge  or  within  6  in.  of  ends  of  staves  will  be  allowed;  sound  knots 
not  exceeding  ^  in.  in  diameter,  not  falling  within  the  above  limita- 
tions, not  exceeding  three  in  number  within  a  10-ft.  length,  will  be 
accepted.  All  lumber  used  shall  be  seasoned  by  not  less  than  60 
days  air  drying  in  open  piles  before  milling,  or  by  thorough  kiln 
drying.  All  staves  shall  have  smooth  planed  surfaces,  and  the  inside 
and  oat..side  faces  shall  be  accurately  milled  to  the  recjuired  circular 
arcs." 

The  foregoing  fixes  the  quality  and  kind  of  material.  The  thick- 
ness of  the  finished  stave  will  depend  on  the  diameter  of  the  pipe 
and  the  pressure  under  which  it  serves.     Stave  thickness  varies  from 
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Mr.      1   in.   in   the   smallest   machine-banded   pipe   to   4   in.   in   the   largest 
Ralston.  ,.  . 

continuous  stave  pipe. 

The  paper  and  suggested  specifications  ineptly  seek  to  give  the 
impression  that  all  first-class  stave  pipe  should  be  made  only  from 
clear,  one-year,  air-dried  redwood,  and  that  only  the  inferior  grades 
of  pipe  may  be  made  of  Douglas  fir.  This  is  noticeably  conspicuous 
in  the  suggested  ^'Specifications  for  Continuous-Stave  Pipe,  Class 
A"  and  the  '"Specifications  for  Machine-Banded  Pipe,  Class  A."  In 
both  these  Class  A  types,  the  writer  quite  agrees  with  the  author  that, 
where  redwood  is  used,  it  should  be  a  clear,  air-dried  product,  for  the 
reason,  as  seems  implied,  and  as  is  indeed  true,  that  kiln-dried  red- 
wood is  brittle  and  structurally  inferior.  The  writer's  best  judgment 
and  experience,  however,  are  (and  a  marked  preponderance  of  the  best 
practice  throughout  the  country  confirms  him)  that  Douglas  fir,  either 
air-  or  kiln-dried,  should  also  have  been  specified,  unless  it  was  the 
author's  purpose  to  write  exclusively  a  redwood  specification.  If, 
however,  he  desired  to  write  a  standard.  Class  A,  wood  stave  pipe 
specification,  then,  in  the  interests  of  engineering  fact,  practice,  and 
non-partisan  purpose,  Douglas  fir  should  not  have  been  omitted.  If 
redwood  is  to  be  substituted  for  Douglas  fir,  then,  considering  equiva- 
lent strength,  if  the  safety  factor  is  closely  involved,  as  well  as  the 
greater  porosity  of  the  former  wood,  the  thickness  of  the  redwood 
stave  should  be  correspondingly  increased. 

It  is  granted  that  the  grain  in  redwood  is  not  so  coarse  as  in 
Douglas  fir,  but  the  mechanical  ultimates  of  redwood  are  less  than 
in  fir ;  yet  it  should  be  noted  that  the  soft  or  winter-growth  portion 
of  each  annual  ring  in  redwood  is  much  more  porous  than  the  similar 
soft  portion  of  each  annual  ring  in  Douglas  fir.  Nevertheless,  the 
whole  question  of  percolation  and  saturation  in  either  material  is 
largely  academic,  if  not  fanciful.  Both  woods,  or  any  wood,  will 
become  saturated  and  remain  so,  as  long  as  the  pipes  are  full  of 
water  under  a  sensible  pressure.  The  best  practice  now  fixes  the 
thickness  of  the  stave  as  such  that,  when  the  requirements  of 
saturation  and  strength  are  satisfied,  the  question  of  percolation 
automatically  disappears.  Any  decrease  in  the  standard  thickness  of 
stave,  either  in  fir  or  redwood,  should  not  be  permitted. 

The  writer  has  never  seen  nor  heard  of  a  case  of  "excessive  per- 
colation" in  any  pipe,  except  where  the  staves  were  thinner  than 
standard  practice.  Some  redwood  machine-banded  pipe  has  been 
manufactured  with  unusually  thin  staves,  but  it  is  believed  this 
practice  is  questionable  and  should  be  discouraged. 

It  is  only  in  the  case  of  intermittent  service,  such  as  in  irrigation 
lines,  where  saturation  becomes  important.  Here,  happily,  a  definite 
solution  of  the  problem  is  at  hand  at  a  slightly  increased  cost,  that 
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is,    to   creusoto   the   staves,    both    fir    and    redwood,    just    as    the   best      Mr. 
prac'tico  now  rociuires  that  the  wooden  sk>eves  of  wire-wound  standard     *^'""- 
l)i])e   shall    be   ereosoted,   beeause   of   a   less   perfect   saturation    in    the 
sleeve  than  in  the  pipe. 

The  writer  partly  agrees  with  the  author  when,  on  page  577,"  he 
says : 

"The  greater  number  of  failures  po'^sibly  originated  at  the  joints. 
The  outer  edges  of  the  staves  in  the  collars,  when  wood  collars  were 
used,  decayed  rapidly  owing  to  the  fact  that  fir  needs  saturation  for 
preservation,  and  saturation  was  not  secured  at  those  places." 

If  the  author's  diction  had  been  more  precise,  and  he  had  said  that 
the  ends  of  the  staves  in  the  collars  decayed  more  rapidly  than  the 
walls  of  the  pipe,  owing  to  the  fact  that  all  woods  need  saturation 
to  secure  the  best  preservation,  then  the  writer  would  agree  with 
him.  Redwood  does  not  enjoy  a  special  dispensation  of  immunity 
from  decay.  [Metal  collars  are  not  a  success,  and  are  more  or  less 
obsolete.  The  open-tank  ereosoted  wood  collar  has  proved  superior 
and  satisfactory.  It  should  be  borne  in  mind,  however,  that  when  the 
entire  pipe  is  to  be  ereosoted,  the  process  of  creosoting  must  then 
be  with  the  closed-tank,  pressure  method,  and  that  the  average  oil 
content  must  be  not  less  than  8  lb.  per  net  cu.  ft.  of  wood.  The 
open-tank  or  dipping  method  for  collars  is  used  successfully  where 
the  pipe  proper  is  not  ereosoted.  The  reason  is  obvious.  Clear  ^iln- 
dried  Douglas  fir,  when  given  the  open-tank  treatment,  will  get  a 
tborough  penetration  in  the  end  grain  to  a  substantial  depth.  The 
l)enetration  into  the  side  of  the  stave  will  vary,  depending  on  the 
nature  of  the  lumber  and  the  location  of  the  annual  rings  in  relation 
to  the  surface  of  the  stave.  Collar  troubles  arise  from  decay  that  sets 
in  on  the  ends  of  the  staves  and  works  back,  finally  undermining  the 
wires.  If  the  ends  of  the  staves  in  the  collars  are  protected  by 
open-tank  treatment,  from  90  to  95%  of  the  protection  afforded  by 
pressure  treatment  is  secured  at  a  greatly  reduced  cost.  Pressure 
creosoting,  fortunately,  permits  the  use  of  sapwood  in  staves,  and 
where  such  method  is  used,  the  specifications  should  be  correspondingly 
changed.  The  writer  believes  that  properly  ereosoted  wood  pipe  for 
high-class  permanent  work  will  meet  with  great  favor,  and  has  an 
encouraging  future. 

An  instructive  series  of  tests  was  recently  made  by  the  Engineering 
I)ei)artment  of  the  West  Coast  Lumbermens'  Association,  in  co- 
operation with  the  University  of  Washington,  on  twenty-three  Douglas 
tir  staves,  taken  at  random,  which  had  been  in  continuous  service  for 
10  years  on  the  Cedar  Eiver  pipe  line  of  the  City  of  Seattle.  On  the 
sections  of  pipe  examined,  and  from  which  the  staves  were  taken, 
"there   was  not   a   single  stave   in  either   pipe   section   which   showed 

*  Proceedinf/s,  Am.    Soc.    C.   E.,    April,    1917. 
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Mr.  any  signs  of  decay."  The  specimens  were  tested  in  compression 
'  parallel  to  the  grain  to  determine  their  crushing  strength.  The  staves 
had  been  under  22  lb.  hydraulic  pressure  for  that  length  of  time. 
They  gave  an  average  dry  weight  of  30.8  lb.,  and  a  maximum  average 
crushing  strength  of  3  870  lb.  per  sq.  in.  The  size  of  the  average  speci- 
men taken  from  each  stave  was  1.63  by  5.55  in.  The  average  number 
of  rings  per  inch  was  18. 

Douglas  fir,  having  a  weight  of  30.8  lb.  per  cu.  ft.,  may  be  expected 
to  have  a  crushing  strength  of  approximately  4  400  lb.  per  sq.  in.* 
If  the  original  strength  of  the  staves  fulfilled  this  expectation,  then, 
after  16  years  of  continuous  saturation  at  a  pressure  of  50  ft.,  they 
exhibited  88%  of  the  strength  of  new  fir.  Inasmuch  as  the  mechanical 
ultimates  of  Douglas  fir,  with  the  usual  safety  factor  of  4,  are  never 
reached,  except  when  staves  are  made  thinner  than  required  by 
standard  practice,  this  12%  reduction  in  strength  is  of  no  consequence 
in  fir  stave  stock. 

In  the  matter  of  curing  the  stave  stock,  extensive  tests,  as  well 
as  experience,  have  shown  that  the  resultant  difference  between  air- 
dried  and  properly  kiln-dried  Douglas  fir  staves  is  altogether  negli- 
gible. In  fact,  there  are  some  features  of  kiln-drying  more  favorable 
than  air-drying,  notably  among  others,  is  the  tendency  'which  this 
process  has  to  develop  the  full  extent  of  pitch  pockets  more  visibly 
than  by  air-drying,  whereby  such  defects  are  more  easily  detected 
by  the  inspector,  thus  making  the  culling  process  more  certain.  At 
least  one  of  the  leading  Pacific  Coast  pipe  factories  has  developed 
a  special  kiln  method  which  seems  to  give  excellent  results.  The 
ordinary  dry -kilns  of  the  lumber  companies,  and  the  methods  of 
kilning  by  such  companies  are  not  suitable  to  the  proper  curing  of 
pipe  staves.  Special  kilns  and  their  proper  operation  are  the  sole 
factors  in  the  curing  of  Douglas  fir  stave  stock,  in  order  to  make 
it  as  good  as  if  air-cured. 

It  is  proper,  and  no  doubt  customary,  to  give  all  wire-wound  pipe, 
both  fir  and  redwood,  a  bath  in  hot  tar  or  asphalt  before  it  leaves  the 
factory,  and,  while  the  coating  is  still  hot,  to  roll  the  pipe  over  a 
bed  of  saw-dust.  This  treatment  is  a  preservative,  and  adds  to  the 
life  of  any  pipe;  but,  even  if  it  had  no  preservative  quality,  its  value 
as  a  protection  against  abrasions,  rough  handling,  and  the  wear  and 
tear  incident  to  transit,  is  a  wise  and  time-honored  practice.  The 
author's  contention  that  such  treatment  "increases  the  weight  ma- 
terially" is  misleading,  as  it  does  not  generally  aiiect  the  shipping 
charges.  The  fact  is  that,  in  most  cases  of  the  standard  freight  car, 
the  total  weight  of  a  load  of  pipe  is  loss  than  the  minimum  car-load 
weight   prescribed   by   the   railroads. 

*  Bulletm  88,  U,  S.  Forest  Service,  p.  26. 
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Altliouiih  continuous  stave  pipe  is  a  comparatively  .simple  Mr. 
titrueture,  it  is  a  mistake  to  assume  that  it  can  be  assembled  or  laid 
without  the  use  of  expert  and  experienced  supervision,  preferably  by 
the  manufacturers  engineer,  if  he  is  an  experienced  man.  George 
L.  Watson.  Assoc.  M.  Am.  Soc  C.  E.,  concludes  an  excellent  article* 
with  a  warning  to  all  general  contractors  to  keep  hands  off,  and 
leave  all  wood  pipe  to  a  regular  pipe  contractor.  The  writer  is  familiar 
witli  several  large  jobs,  partly  completed  by  local  or  general  con- 
tractors, which  had  to  be  pulled  down  and  relaid  by  an  expert. 

On  page  565,t  we  read:  "Fir  and  pine  are  pitchy  woods,  and  it 
is  impossible  to  obtain  commercial  run  lumber  without  sap,  pitch, 
l)iteh  seams,  pitch  pockets,  and  knots."  The  Shoshone  Project  speci- 
fication, which  the  writer  has  quoted  in  this  discussion  as  being 
representative,  and  wliieh  he  recommends,  does  not  call  for  "com- 
mercial run  lumber,"  but  for  a  stock  of  definite  and  select  quality. 
'  He  has  never  known  of  commercial  run  Imnber,  either  fir  or  redwood, 

being  used  for  first-class  pipe. 
;  .  That  part  of  the  author's  suggested  specification  for  Class  A, 
<  Continuous-Stave  Pipe,  relating  to  redwood  stave  stock  is  not  specific 
•  enough,  and  allows  too  much  latitude  in  the  character  of  the  material. 
<;  Redwood,  like  fir,  should  be  straight-grained,  devoid  of  checks  and 
wanes,  and  should  have  no  knots  at  the  edges  of  the  staves,  nor 
within  6  in.  of  the  ends,  nor  any  defects  which  may  impair  its  strength 
f  or  durability.  (The  exi)ression,  "materially  impair"  should  not  be 
I  used.)     Moreover,  the  width  of  the  metallic  tongue  should  be  2  in., 

I'  because  of  the  alleged  tendency  of  redwood  to  shrink  endwise. 
Finally,  the  basis  of  classification,  given  on  page  583,t  in  terms 
'  of  longevity,  seems  to  be  more  pedantic  than  <>mpiric,  and,  therefore, 

i  should  have  small  place  at  this  time. 
_ 
'Journal,  Am.  Soo.  of  Eng.  Contractors,   Vol.  IV,  No.   7,   September,   1912. 
'          f  Proceedings,  Am.  Soc.  C.  E.,  April,  1917. 
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C.  A.  P.  TuRXEU,t  M.  A.\[.  Soc.  C.  E.  (by  letter).:}:— Mr.  Scott§  Mr. 
analyzes  the  report  of  the  Joint  Committee  in  respect  to  the  modulus  ''^"™^'"- 
of  elasticity  of  steel  euibedded  in  concrete  beams  on  the  assumption 
that  the  steel  furnishes  the  entire  tensile  resistance  due  to  the  moment 
of  the  applied  load.  This  assumption  is  not  correct.  Eurthermore, 
the  assumption  that  the  tensile  strength  of  the  concrete  furnishes  that 
portion  of  the  tensile  resistance  necessary  to  produce  a  static  balance 
of  the  moments  not  provided  for  by  the  steel  is  likewise  incorrect. 

This  latter  assumption,  although  incorrect,  is  found  in  almost 
every  treatise  on  reinforced  concrete  published  either  in  America  or 
abroad.  There  is  one  treatise,  however,  that  by  Charles  F.  Marsh, 
M.  Am.  Soc.  C.  E.,  which  shows  that  the  distribution  of  stress 
in  a  reinforced  beam  is  not  analogous,  or  even  approximately 
analogous,  to  that  of  a  homogeneous  beam  in  respect  to  any  uniform 
distribution  of  intensity  of  the  stress  transversely  of  the  beam  between 
reinforcing  bars.  All  agree  that  there  is  a  co-action  between  the  metal 
and  the  concrete  in  a  beam,  brought  about  by  the  resistance  of  bond 
stress,  which  prevents  the  steel  from  slipping  in  the  concrete  matrix. 
Under  uniform  load  in  a  simple  beam,  all  agree  that  bond  stress  is 
zero  at  mid-span  and  increases  toward  the  end  of  the  beam.  ISTow, 
this  bond  force  or  bond  stress  is  a   horizontal   shearing  stress   along 

•  Continued   from   May,   1917,   Proceedings. 
t  -Minneapolis,    Minn. 

t  Received  by  the  Secretary,   April   30th,   1917. 
§  Proceedings,  Am.   Soc.   C.   E.,    March,    1917. 
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Mr.      the  surface  of  the  steel.     Consequently,  it  sets  up  tensions  and  com- 

Tvirnor 

pressions  at  45°  to  the  surface  of  the  metal;  the  intensity  of  these 
indirect  stresses  is  greatest  next  to  the  surface  of  the  bar,  and 
diminishes,  according:  to  the  law  of  distribution  of  force  through 
mass,  with  the  distance  away  from  the  surface.  The  deformation  of 
the  concrete  due  to  the  bond  is  greatest  near  the  bar,  thus  forming  a 
cone  of  deformation  about  the  bar,  and  smaller  deformations  or  strains 
occur  between  consecutive  bars  in  the  plane  of  the  reinforcing  steel 
than  take  place  at  the  surfaces  of  the  bars  themselves.  This  condition 
of  deformation  causes  some  of  the  energy  of  internal  work  to  be  per- 
formed at  an  angle  to  the  axis  of  the  bar,  or  laterally,  thus  differentiat- 
ing the  reinforced  concrete  beam  from  the  beam  of  homogeneous 
material  in  relation  to  the  storage  of  internal  energy. 

It  cannot  be  maintained  consistently  that  burying  the  steel  in  the 
concrete  changes  its  molecular  properties  or  its  modulus  of  elasticity, 
because,  when  Ave  dig  the  steel  out  after  it  has  been  embedded  in  the 
concrete,  we  find  that  it  is  just  the  same  kind  of  steel  as  it  was  before 
it  was  embedded,  and  possesses  the  same  properties;  and  any  conclusion 
to  the  contrary  is  unwarranted.  It  cannot  be  maintained  that  the 
joint  action  of  the  combination  is  equivalent  to  the  resistance  fur- 
nished by  a  plain  concrete  beam  without  any  steel  whatever  plus  the 
resistance  of  the  tensile  stress  in  the  steel  multiplied  by  its  lever  arm. 
because  experiments  in  which  the  concrete  is  divided  or  separated 
at  mid-span  of  the  beam  by  pieces  of  tin  so  that  no  tensile  stress  can 
be  transmitted  in  the  tensile  zone  from  one-half  of  the  beam  to  the 
other  by  the  concrete,  show  to  a  large  extent  the  same  phenomena  of 
apparent  but  not  true  increase  in  the  modulus  of  elasticity  of  the 
steel  when  measuring  its  deformation  at  mid-span  and  right  across  the 
line  where  it  is  dissociated  from  the  concrete. 

The  subject  of  horizontal  shears  in  vertical  planes  is  one  that  is 
little  understood  by  the  Engineering  Profession,  or  by  theoretical 
writers  on  the  subject  of  reinforced  concrete.  Lack  of  familiarity  with 
this  kind  of  action  has  led  to  an  erroneous  report  by  the  Joint  Com- 
mittee as  to  the  strength  of  reinforced  flat  slab  and  column  construc- 
tion, and  to  the  unwarranted  assumption  in  the  report  that  the 
tensile  strength  of  plain  concrete  in  the  slab  can  account  for  the 
enormous  increase  in  strength  which  it  exhibits  over  beam  action  in 
the  column-supi>orted  flat  slab.  Less  assumption  and  more  experi- 
mental work  and  a  careful  discussion  thereof  would  have  resulted  on 
the  part  of  the  Joint  Committee  in  a  far  different  report,  and  one 
which  would  not  be  questioned,  as  this  one  will  be  by  all  who  have 
had  any  practical  experience  in  the  building  of  structures  of  this  type. 


Turner. 
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Tliis  plicuoiiicuDii  of  rcMufurccd  concrete  is  not  so  simple  and  Mr. 
apparent  as  it  may  now  seem,  even  after  the  explanation  has  been 
discovered.  It  reiiuired  nearly  3  years  of  hard  study  and  investigation 
before  this  satisfactory  explanation  was  obtained.  This  question  was 
discussed  in  a  paper  presented  to  the  Boston  Society  of  Civil  Engi- 
neers, in  September,  1914,  in  which  the  phenomenon  was  compared 
in  action  to  a  thrust  applied  at  tlie  end  of  the  beam.  The  law  of 
consiTvation  of  energy  applied  to  the  problem  would  prevent  a  con- 
sideration of  the  tensile  stress  in  concrete  multiplied  by  its  lever  arm 
as  balancing  that  portion  of  the  ai)plied  moment  not  carried  by  the 
steel,  because  of  the  lateral  action  introduced  in  the  cone-shaped  de- 
formation through  the  operation  of  bond  stress  about  the  bar  toward 
the  end.  These  internal  shears  seem  to  be  somewhat  equivalent  in 
their  action  to  the  elfect  of  a  thrust  applied  at  the  end  of  a  beam. 
and  not  greatly  interfered  with  by  cutting  the  concrete  through  the 
tensile  zone  at  mid-span. 

Although  the  operation  of  horizontal  shears  in  vertical  planes  is 
not  to  be  depended  on  in  a  beam,  because  the  utility  of  this  action  is 
destroyed  by  the  cracking  of  the  concrete  toward  the  end  of  the  beam, 
the  conditions  are  diiferent  in  the  continuous  flat  slab  floor,  where 
the  tendency  to  rotate  is  predominantly  about  a  vertical  instead  of  a 
horizontal  axis,  and,  for  that  reason,  is  dependable. 

A  further  point  of  interest  lies  in  the  fact  that  although  every 
pound  of  pull  in  the  steel  is  brought  on  it  by  bond  stress,  the 
work  of  internal  deformation  in  tension  is  largely  stored  within  the 
steel,  a  conclusion  which  was  far  from  being  apparent  in  the  first 
consideration  of  the  subject.  Static  balance  merely  requires  equal 
opposing  forces,  with  no  restriction  as  to  the  amount  of  work  performed 
directly  by  these  forces,  so  that  although  the  steel  may  store  very 
largely  the  internal  work  of  tensile  deformation,  horizontal  shears  in 
vertical  planes  may  have  an  equal  effect  in  reducing  deflection  without 
performing  the  same  relative  amount  of  work,  since  they  operate  in 
a  radically  difl^erent  manner  and  through  a  much  shorter  range  of 
action. 

The  writer  presented  some  tests  at  a  meeting  of  the  Concrete  Insti- 
tute relative  to  this  subject  several  years  ago,  but  has  not  been  able 
to  supplement  them  by  further  experimental  work,  as  he  had  hoped 
to  do  by  this  time. 

Mr.  Scott  deserves  the  thanks  of  the  Profession  for  clearly  bringing 
out  the  incongruities  of  the  Joint  Committee's  theory  which  he  notes 
and  which  the  writer  has  endeavored  to  explain.  Figs.  8  and  !)  show, 
in  an  exaggerated  manner,  the  condition  discussed. 
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Mr. 
Turner. 


The  impossibility  of  assigning  any  dependable  value  to  the  tensile 
strength  of  the  concrete  in  a  floor  may  be  made  apparent  by  the 
following  experiment  conducted  by  the  writer.  A  slab,  about  24  ft. 
square  and  5J  in.  thick,  supported  on  the  edges  on  beams  and  piera 
and  by  a  center  pier,  was  loaded  as  shown  in  Fig.  10,  It  carried 
this  load,  consisting  of  concrete  barrels  filled  with  water,  without 
signs  of  failure  when  first  applied,  but  a  drop  of  temperature  about 


SUGGESTED  EXPLANATION    OF  OPERATION  OF  SIMPLE 
CONCRETE  BEAM   BEFOREAND  AFTER  CONCRETE  CRACKS. 

Ij  PLAN  AND   ELEVATION  SHOWING 

|.        CONDITION  BEFORE  CONCRETE  CRACKS. 

ooonnnoohnnnoooo 

i  Cectcr  of  Comp^ 

;  Neutral  Plane 


Irregularity  of  deformation  in  Vert.  Planes. 


Deformations  from  bond  exaggerated. 


HOR.  SECTION,  AA,  THROUGH  STEEL. 
Fig.  8. 


Condition  after  Concrete  Cracks. 
Steel  lever  arm,  Jd,  reduced  at  endj 
also  lever  arm,  Jdi  reduced  at  end.. 


Fig.   9. 


25°  caused  the  failure  shown  in  Fig.  11.  If  a  change  or  drop  in 
temperature  of  only  25°  is  sufficient  to  overcome  the  tensile  strength 
of  concrete,  even  when  assisted  by  a  little  wire  netting,  as  was  the 
case  here,  the  error  of  relying  on  such  resistance  as  furnishing  any 
dependable  load-carrying  capacity  in  the  average  building,  which  is 
subjected  to  greater  reduction  of  temperature  than  this  test  slab  was, 
is  apparent,  and  needs  no  further  comment. 
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Fig.   10. — Slab  Carrying  Load  Without  Distress,  Very  Largely  by  Virtue 
OF  THE  Tensile  Strength  of  the  Concrete. 


Fig.  11. — Failure  of  Slab  Shown  in  Fig.  10. 
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1'.  K.  Ti  uMCALKE  *  M.  A.M.  Soc.  C.  E.  (by  letter). + — Professor 
Eddy's  discussion:}:  of  the  report  of  the  Joint  Committee  raises  certain 
fujidaiiiontal  questions  which  should  be  answered.  It  appears  to  the 
writer  that  liis  analysis  at  certain  points  is  absolutely  incorrect,  and 
sliould  not  go  unchallenged.  In  the  first  place,  on  page  887,:}:  he 
criticizes  the  Committee  for  applying  the  theory  of  statics  to  the  flat 
slab,  and  for  assuming  flat  slabs  "to  be  statically  determinate  struc- 
tures." The  Conmiittee  makes  no  such  assumption,  and  neither  does 
Mr.  Nichols.  The  Committee  is  well  aware  that  such  structures, 
like  continuous  beams,  are  not  statically  determinate,  but  it  does  not 
follow  that  the  law  of  statics  cannot  be  applied  to  them.  To  be 
statically  indeterminate  simply  means  that  the  unknown  quantities 
in  the  problem  are  too  numerous  to  be  determined  by  the  equations 
of  statics  alone.  Certain  total  shears  and  moments,  however,  can 
be  determined  by  statics,  although  the  exact  distribution  of  these 
shears  and  moments  cannot  be  thus  determined.  This  is  the  position 
of  the  Conunittee. 

It  is  interesting  to  note  that,  after  criticizing  the  Committee  for 
applying  the  laws  of  statics  to  this  case,  Professor  Eddy,  on  page  888,:}: 
proceeds  to  do  the  same  thing,  where,  in  Paragraph  3,  he  applies  the 
laws  of  "equilibrium"  to  determine  total  shears — a  perfectly  correct 
procedure,  and  exactly  the  same  sort  of  thing  as  that  done  by  the 
Conmiittee.  The  same  process  can  be  used  to  determine  total  bending 
moments  along  either  axis,  and  it  is  quite  unnecessary  to  make  use 
of  any  involved  mathematical  process  to  do  this.  Although  the  total 
bending  moments  can  be  determined  in  this  way,  their  distribution 
along  the  slab  cannot,  and,  in  this  degree,  the  problem  is  statically 
indeterminate. 

Professor  Eddy  finds  that  the  total  shear  around  the  edges  of  a 
square  slab  is  equal  to  the  total  load — a  result  with  which  the  writer 
fully  agrees — but  the  results  obtained  by  his  analysis  for  total  bending 
moments  are  quite  erroneous.  For  a  square  panel,  he  finds  that  the 
numerical  sum  of  the  positive  and  negative  bending  moments  along 

the    center  line,  and   aloni^:  one  edge,  is —  WL  whereas    the    correct 

Ifi 

value  is        W I   (neglecting   the   effect  of  size  of   column    in    reducing 

slightly  the  bending  moment).     As  this  question  is  a  very  fundamental 
one,  and  as  the  conditions  of  the  problem  may  easily  result  in  con- 
fusion  in   applying  the  ordinary  laws  of   statics,   it  will  not  be   out 
'  place  to  discuss  this  matter  on  a  rather  elementary  basis. 


*  Madison,  Wis. 

+  Received  by  the  Secretary,  July  6th,  191' 
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Mr. 

Turneaure. 


Consider  a  square  panel,  Fig.  12,  loaded  uniformly  with  a  total 
load,  W.  Assume  that  the  columns  are  equivalent  to  square  columns, 
in  accordance  with  Professor  Eddy's  conclusions  on  page  889.* 
For  simplicity,  consider  that  the  columns  are  small  as  compared  to 
the  size  of  the  panel,  so  that  the  size  of  the  columns  need  not  enter  into 
the  expression  for  bending  moments.  The  total  shear  at  the  columns 
will  be  W,  and  the  shear  on  each  of  the  surfaces,  AB,  EC,  etc.,  will 

be    -  W.     There  will  be  no  shear  on  the  lines,  A  G,  CD,  etc.     These 

o 

statements  agree  with  Professor  Eddy's  conclusions. 

Now  proceed  to  the  question  of  moments:  Consider  the  half-panel 

to  the  left  of  the  center  line,  JK,  Fig.   13.     There  will  be  bending 

moments  at  all  points  of  the  peri- 
phery, these  moments  acting  in  a  di- 
rection at  right  angles  to  JK  along 
the  surface,  JK,  and  also  along  the 
surfaces,  AB,  CD,  and  EF.  Mo- 
ments along  the  surfaces,  AJ ,  CB, 
DE,  and  FJ,  will  act  in  a  direction 
parallel  to  the  axis,  JK.     The  load 

on    the    half-slab    is    --  W    and    the- 


5near=   ^ 

CrH 


J I  Ko  Shear  g 


F 


K\  No  Shear  if 


Fig.  12. 


A    -M 


j; 


-M 


i^ 


shears    are        W  on  each  of  the  sur- 

o 

faces,"   AB,    BC ,    etc.      Now,    taking 

moments    about    the    axis,    JK,    the 

external  moment  is  that   of  the  couple   formed 

by  the  load,  —  TF,  and  the  four  shears    oi   —  W 


+j/ 


each 
1 


2       '  8 

This    moment    is    practically     equal    to 


F     -M      \K 
Fig.  13. 


Wl.       For    equilibrium,    the    sum    of    the    in- 

o 

ternal  moments  must  also  equal     ,  W  I,  and   the 

internal   moments    in   question   are   the   positive 
moments   along  JK  and  the  negative  moments 
along  AB,   CD,   and   EF.     That   is   to   say,   the 
numerical    sum    of   the    negative   moments   along   a   line    through   the 

columns  and  the  positive  moment  along  the  center  is  equal  to  -  W  I,  as 

given  by  the  Committee. 

This  method  of  analysis  is  a  simple,  direct  application  of  the  laws 
of  equilibrium,  quite  as  definite  as  the  application  of  these  laws  in 
determining  shears.  No  amount  of  mathematics  will  enable  the  con- 
clusion to  be  reached  that  the  internal  moments  acting  perpendicular 
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No  Moment 


to  the  surfaces,  AJ,  CB,  etc.,  can  lielp  balaiaee  the  bending  moments        Mr. 
about  an  axis,  JK,  at  right  angles  thereto.  umeaure. 

In    contrast  with    this   result  of   \    W  I,  Professor  Eddy  arrives   at 

—  W  I  bv  a  process  of   analysis  in  which  he   omits  the  effect  of   the 
16  '        ' 

shears  on  the  surfaces,  CB  and  DE,  considering  that  these  shears 
affect  only  the  bending  moments  parallel  to  JK.  As  a  matter 
of  fact,  the  shears  on  CB  and  DE  are  a  little  more  effective  in 
producing  bending  moments  about  the  axis,  JK,  than  those  on 
AB  and  CF,  on  account  of  the  increased  lever  arm.  The  fallacy  of 
Professor  Eddy's  position  may  be  brought  out  clearly  by  noting  what 
happens  if  we  consider  the  portion  of  a  slab  limited  by  the  lines 
AF  and  GH,  Fig.  12.  Neglecting  the  small  load 
applied  directly  to  the  strip,  BCDE,  and  the  sim- 
ilar strip  on  the  right,  the  total  shears  on  the  lines, 
AF  and  GH,  must  be  equal  to  the  load,  W ,  by  the 
same  process  of  reasoning  as  that  heretofore  used. 
Then,  if  we  consider  one-half  of  this  slab  and  take  -|^B 
moments  at  right  angles  to  the  axis,  JK,  as  before,       I 

1  J 

the  external  moment  will  be    plainlv  —  TF  i,  which      m 

8  i 

must  be  equal  to  the  total  internal  moments  along 
the  lines,  AF  and  JK. 

The  inevitable  conclusion,  therefore,  is  that  the 
numerical  sum  of  the  negative  and  positive  mo- 
ments along  the  edge  and  center  line  of  a  square 

panel  is  approximatelv  ,^   W  I,  and  not  -~ —  W  I. 

'8  16 

The  matter  may  be  clarified  still  further,  per- 
haps, by  considering  an  entire  row  of  panels  across 
a   building.     Suppose,   for   example,   that   the   floor 
is  four  panels  wide.     In  Fig.  14  is  shown  a  row  of 
four  such  panels,  AF  and  EG  being  the  exposed 
'■(]ges  of  the  floor;  AE  and  FG  are  sections   through   the  floor.     The 
columns  are  at  ^,  2J,  C,  D,  etc.  There  are  no  bending  moments  on  the 
edges,  AF  and  EG.     The  total  load  is  4  IF",  and  the  sum  of  the  shears  at 
'  olumns  A,  B,  C,  D,  and  jE"  is  2  W.    The  shears  at  the  several  columns 
are  no   longer   exactly   equal,   on   account   of   the   discontinuity   at   A 
and  E,  but  the  sum  is  the  only  quantity  needed.     Now,  take  a  section 
through  JK.  and  consider  moments  on  the  left.     The  external  moment 

ir  X     ,    I  =    ^    W  I.      This  is  equal   to  the  sum  of    the  internal 


I 

,^    Total  Load 

Oc  _.t„.  1 


'-> 


"p    No  Sloment 

Fig.   14. 


4  2 

moments   on   the   lines 


W  I. 

JK   and   AE,   acting   perpendicularly    to    JK. 
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Mr.        The  average  moment  per  panel  will  be  one-fourth  of  this,  or    ^   W  Z, 

Turneaure.  '  8 

as  previously  found.  This  result  seems  very  clear,  as,  in  this  case, 
there  are  no  internal  moments  along  AF  and  EG  to  confuse  the  issue. 

This  analysis  leads  to  the  conclusion  that  the  sum  of  the  moments 
on  JK  and  AE  is  precisely  the  same  {'2WI),  no  matter  what  the 
number  and  spacing  of  the  columns  along  AE  and  FG  may  be,  as 
long  as  the  arrangement  is  the  same  on  each  side,  so  that  there  is 
no  shear  on  the  line,  JK.  If  the  supports  consist  of  continuous 
walls  along  the  lines,  AE  and  FG,  the  same  result  will  be  reached. 

This  leads  to  the  general  conclusion  that,  with  symmetrical  con- 
ditions with  respect  to  the  axis,  JK,  the  sum  of  the  internal  moments 
along  AE  and  JK  is  precisely  the  same  whether  the  supports  be  walls, 
or  columns  spaced  in  any  manner,  a  result  which  is  not  incompatible 
with  the  fact  that  the  structure  is  statically  indeterminate.  Professor 
Eddy  seems  to  agree  that  the  bending  moment  for  wall  supports  in 

the  case   considered  would  be        W  I,  but  maintains,  in  etfect,  that  if 

we    take    away   most    of   the    wall,    leaving    only    small    columns,    the 

moment  will  be  immediately  reduced  to        W  I.     As  a  result  of   this, 

one-half  of  the  reinforcing  rods  may  be  taken  out  and  placed  in  the 
other  direction  and  the  slab  be  made  considerably  thinner.  This  is 
an  astonishing  result,  and  obviously  incorrect.  The  interior  moinents 
in  the  slab  acting  parallel  to  the  axis,  JK,  cannot  help  out  the  moments 
transverse  thereto.  They  have  their  own  duty  to  perform,  namely, 
to  carry  the  load  from  column  to  column  in  the  longitudinal  direction, 
a  result  brought  about  by  changing  walls  into  columns. 

Mr.  A.  N.  Talbot,*  M.  Am.  Soc.  C.  E.  (by  letter).! — Professor  Eddy's 

discussion:}:  contains  so  many  fallacies  and  so  many  violations  of 
accepted  principles  of  mechanics  that  it  is  hardly  believable  that  it 
is  presented  seriously  by  one  who  is  familiar  with  the  analysis  of  the 
action  of  structural  parts.  Since  reasoning  presented  in  mathematiciil 
form  and  coming  from  one  of  high  standing  may  appear  plausible, 
the  erroneous  statements  and  conclusions  may  mislead,  and  a  more 
explicit  answer  is  needed  than  will  seem  necessary  to  some  readers. 

Professor  Eddy  puts  forward  the  astonishing  statement  that  "any 
assumption  of  the  validity  and  applicability  of  statical  analysis  to 
continuous  flat  slabs  is  incorrect,  and  leads  to  erroneous  results,  just 
as  much  as  in  the  case  of  continuous  beams  or  of  any  other  inde- 
terminate structures."  That  statical  principles  are  valid  for  all  struc- 
tures is  generally  accepted,  and  it  is  difficult  to  believe  that  Professor 

*  Urbana,    111. 

t  Received  by  the  Secretary,  July  23d,  1917. 
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Kildy  intends  to  deny  this  generally  accepted  truth.  Static  analysis  Mr. 
does  not  reveal  all  the  conditions  of  indeterminate  structures.  For  *  °'' 
example,  it  cannot  give  the  distribution  of  the  intensity  of  the 
resisting  moment  along*  sections  of  the  flat  slab.  Nevertheless,  the 
indeterminate  structure  must  be  amenable  to  the  statical  laws  of 
forces  and  moments,  even  though  Professor  Eddy  seeks  to  exempt 
the  flat  slab  from  such  laws. 

On  page  893*  he  gives  a  mathematical  derivation  of  what  he 
terms  the  total  applied  bending  moment.  In  this  derivation  he  uses 
the  accepted  relation  between  vertical  shear  and  rate  of  change  of 
bending  moment,  dM  =  Sa-dx.  In  determining  So-,  he  adds  the 
total  vertical  shear  at  a  section, 
AB  (Fig.  15),  and  the  total  ver- 
tical shear  at  a  section,   CD,  and 

Wx 
equates    this     sum     to   — = the 

latter  being  the  load  between  one 
of  these  sections  and  a  middle  sec- 
tion of  the  panel.  It  is  evident 
Wx 


t»-F^ 


that 


is  the  value   of  the  total 


Section  of  zero  shear 


--tq 


vertical  shear  on  either  one  of  the 

two  sections,  and  not  that  of  the 

sum    of   the    total    vertical    shears 

on  the  two  sections.     He  does  not 

,    .  ,        ,  .  ,  ,  Fig.  15. 

explam   why   he    unites    the    shear 

of  these  two  "free  bodies"  in  the  expression  and  yet  considers 
the  external  load  on  only  one.  By  this  violent  assumption,  at  one 
stroke  the  bending  moment  found  in  his  analysis  is  cut  in  two.  If 
the  analysis  was  in  any  way  defensible,  the  resulting  moment  co- 
efficients would  produce  a  wonderful  saving  in  the  dimensions  and 
costs  of  structures.  As  the  analysis  involves  a  gross  violation  of 
the  principles  of  mechanics,  one -must  brand  it  as  fallacious.  That 
the  sum  of  the  numerical  value  of  the  positive  moment  at  a  mid- 
section   and    the    numerical    value    of    the    negative    moment    at    an 

edge-section  is     -  Wl,  as  a  limiting  value  for  very  small  capitals,  and 

o 

not   --  in,  as  given   on   page  894*,  rests  on   as   11  rm   a  ])asis   of  logic 
16 

;i>  do  any  of  the  accepted  expressions  for  bending  moment  in  beams, 

i^irders,  and  other  structures. 

On  page  890,*  Professor  Eddy  states  that  the  total  vertical  shear 

in  sections  parallel  to  the  sides  of  the  panels  of  flat  slabs  is  50%  less 

than   in  a  wide  beam   structure   which   rests   on   parallel  walls,   and 
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Mr.     that  the  total  vertical  shear  in  a  section  parallel  to  one  of  the  sides 
Talbot.  ^ 

pf   a   panel   is  only  that  which  arises   from    a  uniform  load  of   — -    W. 

This  means  that  the  vertical  shear  along  a  line,  AB  (Fig.  16),  close 

to  the  supports,  is  only  —  W,  or  less.     It  is  plain  that  such  a  statement 

violates  the  principles  of  equilibrium  of  forces  acting  on  the  portion 
of  the  slab,  ABFE,  principles  which  are  just  as  applicable  with  a 
continuous  slab  having  sections  of  zero  shear  along  boundaries,  except 
at  the  supporting  columns,  as  they  would  be  for  an  isolated  panel. 
It  seems  too  elementary  to  require  pointing  out  that,  for  a  uniform 
load  over  the  whole  panel,  the  total  vertical  shear  on  the  section,  AB, 
is  once  the  load  between  AB  and  CD  and  not  one-half  of  that  amount. 
The  presentation  made  by  Professor  Eddy  assumes  that  a  series  of 
vertical  forces  along  a  side  of  a  square  which  lies  in  a  direction  parallel 
to  one  side  of  the  panel  (shear  along  one  edge  of  a  square  column) 
does  not  enter  into  the  determination  of  equilibrium  for  sections  at 
right  angles  to  this  side.  This  method  of  cutting  the  shear  in  two 
is  not  even  ingenious,  and  it  seems  hardly  necessary  in  a  discussion 
among  engineers  to  add  that 
it  has  no  logical  basis.  Of 
course,  the  acceptance  of  Pro- 
fessor Eddy's  value  of  the  shear 
would  result  in  dividing  the 
moment  by  two. 

Attention  may  be  called  to 
the  different  view  put  forth  by 
Professor  Eddy  in  a  paper*  before  the  American  Concrete  Institute  in 

1916.     In  this  paper  he  derives  and  accepts  the  value  —  WL  as  the 

applied  bending  moment  each  way  in  a  panel  (the  limiting  value  for 

very  small  capitals),  instead  of  — ;  WL,   as    ajiven     in   his   discussion. 

l(i 

Further  on  in  this  paper,  starting  with  —  WL,  he  reduces  the  amount  of 

8     , 

moment  necessarily  provided  for  by  a  series  of  steps;  (a)  he  divides  it 
by  two,  because  for  two  sets  of  reinforcing  bars  at  right  angles  to  each 
other,  embedded  in  a  matrix  of  concrete,  the  effect  is  the  same  as  if  the 
two  sets  of  bars  were  a  sheet  of  metal  of  the  same  weight,  and  hence  a 
set  of  bars  will  have  the  same  resisting  effect  laterally  as  longitu- 
dinally; (&)  he  divides  it  by  two  again,  because  as  the  bars  do  not 
slip  in  the  concrete,  the  concrete  will  do  as  much  work  in  a  given 
direction  as  the  steel;  and  (c)  he  states  that  tests  appear  to  show  that 

*  "A  Further  Discussion  of  the  Steel  Stresses  in  Plat  Slab  Floors,"  Proceedings, 
Am.  Concrete  Inst..  Vol.  XII. 


Fig.    16. 
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the   ertVet    of    Poisson's   ratio    reduces   the  stresses   in   the    reinforcing     Mr. 
bars  of  the   shib   to   three-fourths   of   what   they   otherwise  would   be.  '^*"'°' 
The  combined   effect   is   to   divide   the   moment  by   5^,   and   he  gives 

- — ;;  WL  as  a  linal  value  for  tlie  sum  of  the  positive  and  negative  re- 
sisting moment.s,  on  which  to  base  the  design  of  the  reinforcing  bars, 

instead  of       WL  before  referred  to.     If  these  considerations  were  added 
8 

to  the  effect  of  halved  shear  given  in  his  discussion  already  referred 
to,  the  result  (-^\  of  that  given  by  static  analysis)  would  produce 
moment  coefficients  which  would  effect  remarkable  econonnes  in  struc- 
tural design. 

Professor  Eddy  favors  bending  all  reinforcing  bars  downward  at 
a  point  fixed  at  the  same  distance  from  the  panel  edge.  Although 
the  position  of  the  point  of  dip  may  be  expected  to  affect  that  of 
the  point  of  inflection  somewhat,  the  differences  produced  for  ordinary 
conditions  will  be  slight,  especially  as  the  stiffness  of  the  concrete 
in  compression  and  tension  has  considerable  influence.  The  recom- 
mendation in  the  report  provides  for 'such  changes  in  the  position 
of  the  jwint  of  inflection  as  may  result  from  a  change  in  the  dis- 
tribution of  the  load  on  the  floor  or  from  its  concentration,  and  adds 
to  the  diagonal  tension  resistance  of  the  slab,  as  well  as  avoids  a 
possible  plane  of  cleavage. 

The  actual  distribution  of  the  intensities  of  the  resisting  moments 
along  a  section  of  the  panel  will  be  affected  by  variations  in  resisting 
stiffness  in  different  parts  of  the  panel,  but,  as  the  concrete  of  the 
slab  in  its  compressive  resistance,  and  to  a  certain  extent  in  parts 
of  the  slab  in  its  tensile  resistance,  is  a  great  factor  in  making  up 
the  stiffness  of  the  slab,  changes  in  the  location  or  distribution  of 
the  reinforcing  bars  over  a  panel-wide  section  will  not  affect  the 
distribution  of  intensities  of  resisting  moment  to  any  such  extent 
as  is  claimed  by  Professor  Eddy.  The  report  allows  a  considerable 
leeway  in  the  manner  in  which  the  reinforcing  bars  may  be  distributed 
over  a  section.  It  may  be  added  that  experiments  have  not  borne 
out  the  claim  for  added  strength  in  saddle-shaped  portions. 

Professor  Eddy  objects  to  the  recommendations  made  for  general 
thickness  of  flat  slabs  on  the  ground  that  it  has  been  indubitably 
established  that  the  ratio  of  steel  reinforcement  to  concrete  may  be 
made  greater  in  beams  of  relatively  large  depth  over  that  permitted 
in  beams  of  relatively  small  depth.  The  attempt,  on  page  878,*  to 
establish  this  statement  by  the  relation  between  the  sharpness  of  the 
curvature  and  the  horizontal  shearing  distortions  in  the  concrete  at 
points  distant  from  the  sections  where  maximum  moments  occur,  is 
absurd.     If  true,  the  criticism  would  apply  also  to  the  principles  of 

•  Proceedings,  Am.   Soc.  C.  E.,   May,  1917. 
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Mr.  design  of  all  beams  and  girders.  Besides,  the  relation  of  tliiekness 
**  "^  ■  to  leiigth  existing  in  the  ordinary  flat  slab  is  that  of  relatively  long 
beams.  In  establishing  values  for  the  formula  for  slab  thickness, 
Professor  Eddy  starts  -with  two  assumed  examples  of  thickness  of 
slab  for  definite  panel  lengths,  considered  to  be  known  from  experience, 
and,  later  (page  88;]*),  he  naively  suggests  that  it  will  be  sufficient 
to  assume  that  /  (given  as  the  total  panel  length  in  the  derivation  of 
formulas  and  Table  2)  is  the  effective  span  (a  dimension  shorter  tlian 
the  panel  length)  and  may  be  so  regarded  in  using  Table  2.  Professor 
Eddy  seems  to  have  overlooked  the  fact,  which  a  little  study  will 
show,  that  the  formulas  given  in  tiie  rei)ort  for  thickness  of  slabs 
with  and  wathout  dropi)ed  panels  are  devised  to  produce  working 
stresses  in  both  reinforcing  bars  and  concrete,  which  are  in  close 
agreement  with  the  values  of  working  stresses  ordinarily  used  in 
design  when  the  moments  and  their  distribution  are  taken  as  recom- 
mended in  the  report. 

On  page  901,*  Professor  Eddy  first  uses  L  —  C,  and  then  adopts 

2 
L  —  —  r',  as  the  span  ol   the  panel  in  determining  the  effect  of  the 
o 

size  of  capitals.  The  expression  for  moment  given  in  the  report 
corresponds  closely  to  the  moment  of  the  couple  formed  by  the 
resultant  of  the  load  on  the  half  panel  and  the  resultant  of  the  shears 
at  the  column  supports.  A  more  exact  expression  is  found  in  the 
paper  by  John  R.  Nichols,  Assoc.  M.  Am.  Soc.  C.  E.,  on  "Statical 
Limitations  Upon  the  Steel  Requirement  in  Reinforced  Concrete  Flat 
Slab  Floors.''t  That  given  in  the  report  is  a  close  approximation 
to  the  more  exact  expression. 

Any  information  or  analysis  whicli  will  furnish  grounds  for  reduc- 
ing coefficients  and  dimensions  of  engineering  structures  should  be 
welcomed.  To  be  acceptable,  such  grounds  must  stand  the  tests  of 
the  fundamental  principles  of  mechanics  and  of  the  known  action  of 
structures.  Doubtless,  the  future  will  see  many  developments  in 
concrete  and  reinforced  concrete.  With  increased  knowledge  and  ex- 
perience in  construction,  in  the  choice  of  materials,  and  in  the  methods 
of  work,  and  with  the  greater  confidence  which  may  develop  with 
continued  use,  it  is  not  improbable  that,  in  the  futun^  it  will  be 
found  proi)cr  to  increase  allowable  working  stresses  to  more  than 
those  now  recommended,  and  even  to  encroach  on  the  margin  between 
allowable  loading  and  the  critical  load  which  a  structure  will  stand — 
the  so-called  factor  of  safety.  Practice  will  change,  and  recommenda- 
tions must  be  revised  from  time  to  time,  but  changes  should  not  be 
based  on  misapi)lication  of  basic  principles. 

*  Procccdinfis,  Am.  Soc.  C.  E.,  May.  1917. 

t  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXVTI,  p.  1G73. 
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W.  [I.  AicCA.N.\,t  Assoc.  M.  A.M.   Soc.  C.  E.   (by  letter).:}: — It  is      Mr. 
readily  to  be  conceded  that  the  Committee  has  produced  a  very  cred- 
itable  and   momentous    work.      The    task   of   developing   any    sort    of 
unanimity   from   the   chaos   which   has   heretofore   existed   in   matters 
pertaining  to  the  valuations  of  railway  and  other  public  utility  prop- 
erties is  an  estimable  performance  that  is  appreciated  best  by  those 
who  are  daily  engaged  in  valuation  work.     The  Engineering  Profession 
as  a  whole,  and  particularly  those  members  thereof  who  have  to  do 
witli  appraisals  of  public  utilities,  owe  a  sincere  debt  of  gratitude  to 
the  authors   who,   by   exhaustive   research   and   by    many   conferences, 
;    have  succeeded  in  producing  a  report  which  purports  to  represent  and 
reflect    the    Committee's    unanimous,    composite    idea    of    valuation 
theories.     Such  a  report  will  carry  great  weight  indeed,  in  the  future, 
whenever  it  is  quoted  and  referred  to  as  an  authority;   and  its  two 
hundred  pages   will    be   fingered   niany   times   by   youthful   engineers, 
apprenticing   in   appraisal  and  valuation  work.     The  extended   scope 
I    of  the  report,   and  the  important   utilization   of   its  contents,   should 
'    render  engineers  quite  cautious  in  concurring   indiscriminately   with 
,    all  the  statements  and  theories  therein,  even  though  advanced  unani- 

i'    mously  by  the  Committee. 
It  is  not  to  be  expected  that  the  Committee  could  produce  a  report 
which  would  be  generally  approved  by  the  Society's  membership.     It 

*  Continued    from    April,    1917,    Procecdiinjs. 

t  Washington.    D.   C. 

t  Re.eived    by    the    Secretary.    June    Sth,    1917. 
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Mr.      is  much  more  probable,  judging  from  controversies  which  have  arisen 

McUann.  j.i  i  •      ^  •         i  i  ,  . 

over  the  subject  matter  m  the  report,  that  every  statement  therem 
has  its  opponent.  The  question  is,  "Does  the  Committee's  report 
on  valuation  of  public  utilities  reasonably  represent  the  status  of  the 
art  to-day?"  The  writer  believes  that  the  question  must  be  answered 
in  the  negative,  particularly  from  the  point  of  view  of  the  regulatory 
bodies  and  the  judiciary,  which  are  charged  by  statute  with  estab- 
lishing equities  between  utility  companies  and  their  consumers. 

In  a  great  many  respects,  the  report  is  quite  favorable  to  the 
positions  heretofore  taken  by  corporations.  A  careful  study  of  it 
makes  manifest  the  conclusion  that  hardly  a  scrap  of  a  claim  which 
will  result  in  enhancing  the  value  of  utility  property  is  neglected, 
unless  it  is  obvious,  after  many  a  try-out  before  commissions  and 
Courts,  that  the  claim  manifestly  is  to  be  disallowed.  There  is 
great  danger  in  following  the  report  implicitly;  young  appraisers  and 
students,  particularly,  may  be  led  astray,  with  the  result  that  they 
may  recommend  (often  advocate)  absurd  conclusions  derived  from 
adhering  too  strictly,  without  the  exercise  of  mature  judgment,  to 
the  Committee's  leanings. 

To  point  out  all  the  places  wherein  there  is  much  more  to  be  said 
in  behalf  of  the  public's  side  than  has  been  stated  by  the  Committee 
would  consume  as  much  space  as  the  report  itself,  and  even  more. 
Such  extensive  purpose  is  not  the  writer's  intent  in  this  limited  dis- 
cussion; he  will  confine  his  remarks  to  one  important  subject,  that 
of  "Original  Cost  to  Date" — a  matter  which  has  been  given  but  five 
pages,  as  contrasted  with  about  a  hundred  pages  (nearly  one-half  of 
the  entire  report)  given  to  the  antithetical  theory,  the  "Cost  of  Re- 
production." 

It  is  to  be  frankly  conceded  that  much  of  the  language  of  the 
Courts  to  date  has  been  favorable  to  the  reproduction  theory  of 
valuing  utility  property;  and  it  is  also  opportune  to  remark  that  a 
considerable  portion  of  the  judicial  language  has  been  misquoted, 
misrepresented,  and  misconstrued  by  partisan  advocates.  It  is  not  to 
be  overlooked,  moreover,  that  the  strength  of  original  cost  is  to  be 
found  in  commission  decisions;  and  this  is  especially  significant  in 
that  those  who  devote  their  entire  time  to  the  solution  of  valuation, 
rate-making,  capitalization,  and  other  problems  affecting  public 
utilities  have  marked  leanings  toward  the  equities  inherent  in  the 
original-cost  method  of  valuation.  In  tlie  writer's  opinion,  the  day  is 
not  far  distant  when  the  Courts,  on  review  of  a  record  which  contains 
a  commission  decision  embracing  a  valuation  based  on  a  properly 
compiled  original-cost  appraisal,  will  comment  much  more  favorably 
on  the  original-cost  method  than  they  have  on  divers  reproduction 
theories. 
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Heretofore  considerable  discredit  has  been  given  the  original-cost  Mr. 
method,  due  to  confusion  which  has  existed  as  to  what  is  meant  thereby. 
The  capital  account  carried  on  a  utility's  books  has  been  taken  to 
mean  the  orisiinal  cost  of  the  property;  likewise,  it  is  argued  that  the 
purchase-and-sale  price  in  a  trade  consummated  years  after  the  original 
construction  represents  the  original  cost  of  the  property;  also,  the 
original  sum  invested  in  the  nucleus  of  a  property  has  been  assumed 
to  be  representative  of  the  original  cost.  These  are  not  correct 
definitions.  A  proper  original-cost  appraisal  is  as  capable  of  precise 
definition  as  is  any  reproduction  theory.  Before  proceeding  furtlier 
with  this  discussion,  it  is  well  to  bring  out  what  constitutes  a  sound 
original-cost  appraisal. 

The  California  Railroad  Commission,*  submits  the  following  defini- 
tion of  the  term  "original  cost": 

"The  term  'original  cost'  means  the  actual  expenditures  chargeable 
to  capital  account,  in  accordance  with  the  Interstate  Commerce  Commis- 
sion's or  this  Commission's  classifications,  in  cash  or  its  equivalent  in 
terms  of  cash,  by  the  public  utility  for  its  property  in  the  State  of 
California,  as  of  the  date  of  the  valuation." 

Mr.  Ilanmiond  Y.  Hayes, f  a  consulting  engineer  of  Boston,  defines 
actual  original  cost,  thus  : 

''The  actual  original  cost  is  the  sum  of  money  which  was  expended' 
by  the  undertaking  for  the  property  now  in  use  for  the  benefit  of  the 
public.  It  is  not  what  the  original  property  cost  but  rather  what  the 
present  property  cost.  The  expression  'original  cost'  is  liable  to  convey 
a  false  impression.  What  is  required  in  a  valuation  is  the  'actual 
cost'  of  the  property  now  in  use.  The  term  'original  cost'  has  been 
used  so  generally  in  decisions  of  courts  and  commissions,  however, 
that  it  cannot  be  now  eliminated.     *     *     * 

''The  actual  original  cost  should  not  be  considered  to  be  the  cost 
of  the  first  unit  of  plant  used  in  a  particular  place  or  for  a  particular 
liuri>ose.  Items  of  perishable  property,  which  are  no  longer  in  use  or 
useful,  cannot  be  considered  as  a  portion  of  the  property  to  be  in- 
cluded in  a  valuation  for  the  purpose  of  determining  the  fair  value 
for  rates.  Such  items  of  property  have  passed  out  of  existence  and 
their  cost  should  have  been  removed  from  the  books  of  the  company 
as  a  portion  of  the  value  of  its  assets.  If  the  business  of  the  under- 
taking had  been  conducted  properly,  reserves  for  renewals  would 
have  been  made.  These  reserves  are  obtained  from  users  as  a  portion 
of  the  charges  paid  for  the  service.  Manifestly  it  is  unfair  to  the 
users  for  the  company  to  demand  from  them  rates  sufficiently  high 
to  create  a  fund  for  the  replacement  of  obsolete  items  and  then  include 
the  cost  of  such  obsolete  items  in  a  new  value  upon  which  new  rates 
should  be  based." 

•  Annual  Report  for  the  fiscal  period  from  July  1st,  1915,  to  June  30th,  1916, 
p.  92. 

t  "Public   Utilities:   Their   Present   Fair   Value   and   Return,"    pp.    123-124. 
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Mr.  Mr.    Robert    H.    Whitten,*    of    Brooklyn,    likewise    defines    actual 

original  cost: 

"Strictly  speaking,  actual  cost  means  cost  of  original  construction 
plus  cost  of  additions  and  betterments.  It  excludes  all  expenditures 
for  renewals  and  replacements  including  supersession  due  to  obsoles- 
cence or  inadequacy.  It  includes  only  construction,  additions  and 
betterments  that  are  a  proper  capital  charge  under  approved  accounting 
principles.  This  conception  of  actual  cost,  however,  is  one  that  has 
in  the  past  been  very  imperfectly  comprehended.  Correct  accounting 
principles  are  of  comparatively  recent  acceptance  and  application.  The 
references  made  by  courts  to  actual  cost  or  original  cost  plus  improve- 
ments show  that  in  most  cases  they  have  loosely  interpreted  the  term 
to  include  many  things  that  are  not  properly  a  part  of  the  actual  cost 
of  the  present  property.  In  certain  decisions  it  is  apparently  assumed 
that  actual  cost  or  original  cost  includes  discount  on  securities  issued, 
exorbitant  profits  to  promoters,  cost  of  replacing  worn-out  or  super- 
seded property,  dividends  paid  out  of  capital,  money  sunk  in  unsuc- 
cessful experiments.  That  is,  the  term  is  ponsidered  as  an  equivalent 
to  book  value  inflated  by  financial  manipulation  or  loose  accounting. 
Considered  in  this  light,  it  is  little  wonder  that  'original  cost'  has 
been  discredited  as  a  standard  of  valuation. 

"Actual  cost  properly  considered  is  the  most  natural  and  in  many 
respects  the  fairest  single  basis  for  the  determination  of  fair  value 
for  rate  purposes.  A  fundamental  principle  of  public  service  regula- 
tion is  that  as  the  public  service  corporation  devotes  its  property  to  a 
■public  use  it  may  consequently  be  required  to  render  the  service  at 
reasonable  rates  of  charge.  Rates  of  charge  to  be  reasonable  may  not 
be  in  excess  of  the  fair  value  of  the  service  and  may  not  be  higher 
than  necessary  to  produce  a  fair  return  on  the  property  devoted  to 
a  public  use.  The  measure  of  the  property  devoted  to  a  public  use 
is  undoubtedly,  in  the  first  instance,  at  least,  the  money  that  the 
company  has  actually  and  necessarily  invested,  i.  e.,  the  actual  cost." 

Mr.  Halford  Erickson,  ex-Chairman  of  the  Wisconsin  Railroad 
Commission,  in  a  paper  entitled  "Depreciation  and  Its  Relation  to 
Fair  Value",  read  before  The  Utilities  Bureau  in  November,  1915, 
comments  similarly  on  the  definition  and  application  of  an  original- 
cost  appraisal,  as  follows  :f 

"By  original  cost  in  this  connection  it  seems  to  me  should  be 
understood  the  cost  at  which  the  existing  property  used  by  public 
utilities  in  rendering  service  was  acquired.  By  cost  of  reproduction 
is  meant  the  cost  of  reproducing  the  existing  property  under  pre- 
vailing conditions.  The  original  cost  of  the  existing  property  should 
be  shown  by  the  books  and  records  of  the  utilities  provided  these  have 
been  properly  kept  and  are  still  in  existence.  AVhen  the  books  have 
not  been  so  kept  or  are  not  available,  the  original  cost  as  thus  out- 
lined may  be  determined  very  much  in  the  same  manner  as  that  in 
which  the  cost  of  reproduction  is  found.     *     *     * 

*  "Valuation  of  Public  Service  Corporations,"   pp.  82-83. 

t  The  VtiUHes  Maaaz-ine,  1-3-113. 
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••\Vlu'ii  the  original  cost  of  the  existing  property  is  desired  it  Mr. 
can  be  conipnted  npon  the  same  inventory  as  that  used  in  determining  ^^cCaim. 
tlie  cost  of  reproduction  and  upon  prices  which  cover  the  period  when 
tlie  projierty  involved  was  put  into  the  plant.  Such  price  lists  may  be 
had  partb^  from  the  records  of  tlie  ])laut  and  partly  from  other  sources. 
In  this  way  the  original  cost  of  the  existing  property  can  be  had  with 
even  greater  accuracy  than  the  cost  of  reproduction." 

The  following  statement*  of  the  Committee  follows  the  identical 
line  of  reasoning,  to  wit: 

"As  original  cost  to  date,  with  comparatively  few  exceptions,  is 
not  the  book  cost  of  the  property  but  the  cost  of  the  existing  items, 
it  will  be  necessary  as  a  rule  to  make  a  schedule  of  the  various  existing 
property  items,  in  the  same  way  that  one  would  be  made  for  deter- 
mining the  cost  of  reproduction ;  then  reference  would  have  to  be 
made  to  the  accounts,  to  ascertain  the  unit  costs  of  the  items." 

The  term  "Original  Cost"  is  used  by  the  Engineering  Department 
of  the  State  Public  Utilities  Commission  of  Illinois  to  mean  the  actual 
expenditures,  in  cash  (or  its  equivalent  in  terms  of  cash),  made  by  a 
public  utility  for  used  and  usefid  property  which  is  properly  charge- 
able to  capital  account  and  is  embraced  in  an  actual  inventory; 
or,  in  the  absence  of  records  and  books  of  accounts  showing  the  actual 
expenditures,  the  estimated  cost  of  the  property  as  of  the  sundry  dates 
of  the  installations  of  the  various  items  of  property  is  to  be  con- 
[;  sidered  the  original  cost  thereof. 

Bearing  in  mind  the  aforesaid  definitions  of  what  constitutes  a 
reasonable  original-cost  appraisal,  particularly  the  definition  set  up 
in  the  preceding  paragraph,  it  is  well  to  refer  to  certain  passages 
of  the  report,  wherein  the  strict  reproduction  theory  is  modified  and 
violated  in  principle,  and  recourse  is  taken  in  effect  to  the  original-cost 
method.  Perusal  of  the  report,  moreover,  would  seem  to  indicate  that 
;  the  principles  of  a  pure  reproduction  theory  are  adhered  to  whenever 
it  is  to  the  general  advantage  of  the  property  under  consideration,  and 
that  historical  reproduction  cost  (another  name  for  an  enhanced 
original  cost)  is  resorted  to  whenever  the  strict  reproduction  theory 
fails  to  give  the  "top-notch"  figure,  or  fails  to  arrive  at  the  known 
original  cost. 

The  first  specific  example  wherein  the  Committee  recommends   a 

!  departure    from    the    strict    reproduction    theory,  •  in    favor    of    the 

historically  modified  reproduction  theory,  is  found  on  pages  1761  to 

,  J 703    (inclusive)    of  the   report. f     Here  there   are   cited   instances   of 

f  three  different  dams  and  reservoirs  which  were  built  under  entirely 

different  circumstances  respecting  contingent  and  auxiliary  costs.    The 

Wachusett   Eeservoir   required   the   obliteration   of   several   buildings, 

*  Prijcudiiiffs,  Am.   Soc.   C.   E.,   for   December,   191f3,   p.   1753. 
t  Proceedings,  Am.   Soc.  C.   E.,   for   December,    1916. 
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Mr.  highways,  railroads,  and  other  property  formerly  on  the  present  reser- 
■  voir  site.  The  Kensico  Dam,  built  within  the  limits  of  an  existing 
reservoir,  required  the  construction  of  two  temporary  reservoirs  to 
maintain  a  water  supply.  The  Au  Sable  Dams  were  constructed  under 
simple  circumstances,  unaccompanied  by  exceptional  costs  of  damages, 
removals,  or  temporary  works.  The  Committee  asks  if  it  is  fair, 
for  the  reasons  stated,  "to  assume  like  conditions  to  govern  the  estimate 
of  reproduction  cost  to  be  used  as  a  basis  of  'fair  value' ". 

It  certainly  is  apparent  that  these  three  dams  and  reservoirs  are 
not  to  be  ajjpraised  under  "like  conditions."  The  strict  reproduction 
theory,  however,  calls  for  an  appraisal  of  the  existing  property  as  it 
is  to-day.  Such  a  premise  is  satisfactory,  say,  for  the  Au  Sable  Reser- 
voir, which  did  not  encounter  any  unusual  auxiliary  costs  during  its 
construction.  The  strict  reproduction  theory,  however,  will  not  pro- 
duce sufficient  value  for  the  Kensico  and  the  Wachusett  Dams;  there- 
fore the  Committee,  following  in  the  footsteps  of  experts  who  have 
forsaken  and  naodified  the  strict  reproduction  theory,  "is  of  the  opinion 
that  all  such  items  of  cost,  due  to  damages,  destruction  of  property, 
purchase  of  rights,  and  temporary  works,  as  cited  in  these  illustrations, 
are  clearly  proper  items  to  be  included  in  the  reproduction  estimate 
when  capable  of  historic  proof",  and  this  despite  the  fact  that  original- 
cost  appraisals  of  these  dams  would  reveal,  in  a  very  few  items,  the 
exact  total  sums  expended  in  each  of  the  three  works. 

It  is  not  amiss  at  this  point  to  contrast  the  proposed  historical 
reproduction  method,  advocated  by  the  Committee,  with  the  original- 
cost  method  defined  hereinbefore.  In  the  Wachusett  Dam,  for  instance, 
the  appraiser  must  make  a  complete  survey  of  the  dam  and  reservoir 
as  it  is  to-day;  then  he  must  apply  unit  costs  of  labor  and  material 
at  prevailing  prices  to-day.  Thus,  the  appraiser  derives  the  repro- 
duction estimate  of  the  existing  structure,  whereupon  he  starts  to 
conjecture  what  may  have  happened  during  the  years  of  construction, 
Imagination  is  brought  into  full  play  in  picturing  the  day-by-day  and 
month-by-month  changes  in  the  scenery  before  him — once  an  indus- 
trious valley,  teeming  with  activity,  possessing  thriving  railroads,  and 
incrusted  with  dust  from  many  roads,  now  simply  a  peaceful  lak^. 
Many  things  might  have  happened  during  this  transformation,  and 
therefore  the  appraiser  is  restrained  in  his  imaginative  process  to 
what  actually  did  happen.  The  records  of  the  work  must  be  consulted^ 
inasmuch  as  fascinating  conjectures  must  be  proved  before  commi?-; 
sions  and  Courts.  Should  the  appraiser  wander  very  far  from  the 
recorded  facts  and  the  actual  cost  thereof,  he  is  in  difljculties,  if  a 
keen  counsel  cross-examines  him  thoroughly  as  to  the  details  under- 
lying his  theory.  How  much  simplier  it  is  to  set  forth  the  book-recorded 
costs  and  quantities  of  a  few  principal  items,  such  as  clearing,  sanita- 
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tioii,  excavation,  temporary  works,  construction  camp,  masonry,  earth  Mr. 
fill,  spillway,  moving  structures,  moving  highways,  moving  railways, 
etc.  In  arriving  at  fair  values,  commissions  and  Courts  are  not  in 
the  habit  of  disallowing  sums  which  have  been  prudently  and  wisely 
expended  in  the  construction  of  used  and  useful  utility  property; 
instead,  their  problem  is  to  isolate  the  reasonable  from  the  limitless 
conjectures  of  experts  and  from  the  flowery  arguments  of  attorneys 
who  seek  to  inflate  the  much-abused  term  "value." 

The  remarks  of  the  last  paragraph  apply  equally  well  to  several 
other  specific  examples  set  forth  by  the  Committee.  The  instances 
oi  the  Pennsylvania  and  New  York  Central  Terminals,  on  page  1763, 
are  very  similar  to  the  aforesaid  dam  examples.  There  is  little  doubt 
in  the  writer's  mind  that  excellent  cost  data  are  available  for  the 
recently-constructed  New  York  terminals.  Why  is  it  necessary  to  dis- 
regard the  actual  original  cost  of  these  terminals  and  turn  to  a 
conjectural  reproduction  thereof?  Opponents  to  the  reproduction 
theories  will  answer  that  the  underlying  reason  lies  in  the  possibility 
of  claiming  inequitable  increments  in  the  railway's  capital  account. 
Advocates  of  the  reproduction  theories  will  answer  that  the  purpose 
is  to  arrive  at  present  value;  and  then  the  deluge  of  arguments  of 
what  constitutes  value  soon  creates  mire  sufficient  to  obscure  the 
original  issue. 

The  next  example  cited  by  the  Committee  is  that  of  a  certain 
highway  crossing  a  railroad  track.  For "  the  sake  of  brevity,  the 
Committee's  statement*  relating  thereto  is  reproduced,  as  follows: 

"One  illustration  brought  to  the  attention  of  the  Committee  is 
a  case  of  a  higliway  which  originally  crossed  a  steam  railroad  at  a 
very  acute  angle,  making  a  dangerous  crossing  to  both  railroad  and 
public.  At  its  own  expense  the  railroad  acquired  land  parallel  with 
its  own,  changed  the  course  of  the  road  for  several  hundred  feet  and 
made  a  right-angled  crossing.  It  was  argued  that,  'in  case  of  repro- 
duction, all  other  property  remaining  as  at  present',  the  highway  would 
be  in  its  new  location  and  would  not  have  to  be  reproduced.  On  this 
basis,  many  items  which  the  owner  of  a  railroad  or  other  public  utility 
was  compelled  to  pay  for  might  be  cut  out  of  an  appraisal.  But  the 
highway  would  be  in  its  original  place  were  it  not  for  the  act  of  the 
railroad,  and  would  have  to  be  moved  by  any  railroad,  building 
presently,  if  the  existing  road  had  not  been  built;  the  evidence  of  the 
necessity,  however,  having  been  destroyed  in  the  doing.  The  cost  was 
a  proper  cost,  capable  of  historic  proof;  and  the  Committee  believes 
t!int  it  should  be  included  as  a  cost  in  the  estimate  of  reproduction." 

If  the  writer  understands  this  last  illustration  correctly,  the  cost  of 
the  old  highway  crossing  (which  had  grown  inadequate  to  meet  modern 
traffic  condition,  and  was  dangerous),  should  be  charged  against  the 
railway's  accrued  depreciation  fund,  created  for  the  purpose  of  replac- 

•  Proceedings,  Am.  Soc.  C.  E.,  for  December.  1916,  p.  1764. 
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Mr,  ing  equipment,  structures,  and  other  property  as  it  wears  out,  grows 
■  obsolescent,  and  becomes  inadequate.  The  actual  cost,  borne  by  the 
railway,  of  the  new  and  re-aligued  highway  crossing  should  be  placed 
in  the  capital  account  of  the  carrier;  and  such  an  item  would  appear 
in  simple  terms  in  an  original-cost  appraisal,  without  theorization  of 
what  may  have  happened  during  a  process  of  reproduction. 

It  seems  needless  to  dwell,  further  on  the  several  instances  wherein 
the  Committee  advises  departure  from  the  strict  reproduction  theory 
and  recommends  the  historical  modification  thereof.  The  writer  regrets 
that  the  Committee  did  not  see  fit,  in  each  of  the  examples,  to  point 
out  wherein  the  original-cost  method  would  establish  more  convincing 
equities  before  a  tribunal  in  a  valuation  proceedings. 

Before  leaving  the  Conunittee's  specific  examples  of  application  of 
a  reproduction  theory,  attention  is  called  to  the  stone  bridge  piers,  in- 
stanced on  page  1771  of  the  report,  and  to  similar  examples  following. 
Certain  abutments  of  a  railroad  bridge,  built  of  stone  masonry  at  a 
cost-to-reproduce  of  from  $12  to  $16  per  cu.  yd.,  in  accordance  with 
the  road's  practice  for  the  previous  10  years,  would  now  be  built  with 
concrete  at  a  cost  of  from  $7  to  $11  per  cu.  yd.  The  Committee's  con- 
clusion, as  to  this  and  similar  examples,  is  that  the  precise  existing 
structure  should  be  appraised  at  its  reproduction  cost,  and  that  the  only 
departures  (page  1772)  from  such  a  rule  are  the  cases  where,  due  to 
obsolescence  of  existing  machinery,  it  is  absolutely  absurd  to  pursue 
this  method  to  its  ultimate  conclusion.  Once  again  comment  is  forth- 
coming to  the  effect  that  the  Committee's  recommendations  result  in  an 
adherence  to  the  strict  reproduction  theory  whenever  the  value  to  be 
derived  therefrom  enhances  the  original  cost  of  an  item  of  property; 
but,  if  the  strict  theory  does  not  establish  sufiiciently  high  values,  it 
would  seem  that  the  Committee's  idea  is  to  modify  the  theory.  If  a 
theory  can  be  modified  in  one  place,  there  should  be  no  great  objection 
to  a  reasonable  modification  at  another  place.  Unfortunately,  multi- 
tudinous modifications  of  the  strict  theory  result  in  individual  theories 
of  each  and  every  appraiser.  The  writer,  in  the  instance  of  the  masonry 
abutments  referred  to,  would  call  attention  to  the  equities  of  appraisal 
at  the  original  cost  of  the  structure,  regardless  of  what  similar  stone 
masonry  is  costing  to-day,  and  regardless  of  the  present-day  cost  of 
better  concrete  abutments. 

Possibly  it  will  not  be  amiss  to  cite  here  a  pertinent  criticism  made 
by  the  late  John  M.  Eshleman,  formerly  Lieutenant  Governor  of  Cali- 
fornia, and  once  President  of  the  California  Railroad  Commission,  in 
an  address*  delivered  before  a  conference  held  under  the  auspices  of  ; 
The  Utilities  Bureau,  at  Philadelphia,  in  November,  1915 : 

«*  *  *_  -pj^g  inconsistency  of  adopting  the  historical  method 
with  reference  to  some  elements  and  rejecting  it  with  reference  to  some 

*  The    Utilities   Magazine,    1-10-11. 
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others  iiood  cnly  l>e  mentioned.     Why  it  is  that  the  committee  of  presi-      Mr. 
dents  of  tlie  railroads  of  the  United  States  should  concern  themselves  McCaim. 
with  hidden  costs  of  some  elements  of  the  properties  of  the  railroads 
and  for-ret  all  ahout  hidden  or  other  costs  of  lands  and  properties  that 
have  appreciated,  is  heyond  my  comprehension. 

''I  really  seriously  wonder  at  the  lo<?ic  of  those  who  urge  that  cost 
shall  ever  have  anything-  to  do  with  this  question  unless  they  admit  it 
has  everything  to  do  with  it,  and  I  marvel  at  their  regard  for  the 
:-imitlicity  of  puhlic  authority  when  they  urge  that  original  cost  shall 
always  he  used  even  in  their  reproduction  theory  when  it  will  give  them 
more  than  ])resent  cost  to  reproduce,  and  at  the  same  time  utterly 
repudiate  costs  of  lands  and  similar  properties  when  such  costs  are  less 
tlian  the  market  value  now  obtained.  I  do  not  for  a  moment  contend 
that  the  work  of  the  engineers  in  making  inventories,  and,  if  you  please, 
in  rixing  unit  prices  is  not  very  important.  But  holding,  as  I  do,  that 
where  government  is  dealing  with  monopoly  it  of  necessity  must  deprive 
such  monopoly  of  the  iwwer  of  taking  all  that  it  can  get  from  its 
patrons,  I  am  driven  to  conclude  that  government  mvist  determine  as 
a  substitute  what  the  agency  ought  to  take,  and  in  determining  what 
the  agency  ought  to  take,  the  safest  and  most  just  guide  is  what  the 
agency  has  sacrificed  and  what  service  it  has  performed  for  the  public. 

That  the  original-cost  method  possesses  merit  in  valuation  proceed- 
ings is  shown  by  such  facts  as  (1)  a  more  or  less  general  adoption  by 
r^ulatory  State  commissions  of  original-cost  as  a  perfectly  legitimate 
line  of  inquiry  to  shed  light  on  property  values,  (2)  the  recognition  by 
Congress  of  original  cost  as  one  of  the  methods  to  be  pursued  in  the 
valuation  of  the  nation's  railroads,  (3)  the  National  Association  of 
Railway  Commissioners'  unanimous  insistence  that  original  cost  be 
considered  in  the  Interstate  Commerce  Commission's  valuation  of  com- 
mon carriers'  properties,  and  (4)  Court  decisions  supporting  the  posi- 
tion of  the  Supreme  Court  of  the  United  States  in  Smyth  v. 
Ames  (cited  by  the  Committee).  No  judicial  authority,  moreover,  is  to 
be  cited  to  show  that  an  estimate  of  the  cost  of  reproducing  the  prop- 
erty (with  or  without  deduction  for  accrued  depreciation)  is  the  sole 
and  only  guide  to  a  reasonable  and  adequate  valuation  of  a  utility 
property  for  rate-making  purposes.  On  the  contrary,  the  inconsistencies 
of  the  reproduction  method  have  been  scored  time  and  again.  It  is 
only  recently  that  the  Supreme  Court  of  the  United  States,  in  the 
Des  Moines  Gas  Case,  repudiated  the  reproduction  method  when  applied 
to  what,  in  valuation  work,  is  commonly  termed  ''undisturbed  paving." 

In  addition  to  those  steadfast  older  commissions  and  their  represent- 
atives, who  have  given  due  and  just  weight  t«  the  actual  original-cost 
methods,  it  is  noteworthy  that  many  a  recent  author  is  outspoken  in 
recommending  the  sacrifice  of  the  investor  as  the  measure  of  fair  value, 
particularly  fair  value  as  a  rate  base.  (Cf.  Whitten  and  Hayes,  supra.) 
A  recent  engineering  contribution  is  "Public  Utility  Rates,"  by  Mr. 
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Mr.      Harry   Barker,   Associate   Editor   of   Engineering   News,   wherein   the 
McCann.  ^^^j^q^,  (^^^  p^g^g  37  ^nd  38)  states: 

'^Present  tendency  seems  to  be  to  give  more  and  more  weight  to 
figures  of  investment  and  investors'  sacrifice  in  determining  rate-basis 
worth.  With  the  general  imposition  of  proper  accounting  systems 
figures  of  investments  and  sacrifice  can  be  more  completely  secured  than 
in  the  past  so  that  a  better  basis  for  value  by  investment  can  be  estab- 
lished. Where  regulation  has  been  longest  established,  there  invest- 
ment has  greatest  weight;  it  is  not  unreasonable  to  expect  that  in  the 
course  of  time  the  entire  country  may  accept  the  theory.     *     *     *" 

The  most  common  argument  against  the  use  of  the  original-cost 
method  of  valuing  public  utility  properties,  aside  from  the  difficulties 
alleged  to  be  encountered  in  securing  records  of  such  costs,  is  that 
appreciations  in  value  of  property  (if  such  exist)  are  denied  to  the 
owners  thereof.  The  reproductionists,  however,  do  not  point  to  any  rule 
of  common  equity  which  entitles  them  first  to  earn  an  adequate  return 
on  their  investments  and  then  to  participate  in  the  profits  which  accrue 
to  appreciation;  but  they  rely  on  certain  judicial  passages,  which  in 
themselves  are  sound,  although  subject  to  linguistic  abuses  when  applied 
unadvisedly  to  valuations  that  are  made  bases  for  rate  schedules.  Under 
certain  rulings  of  the  Courts,  it  may  be  argued  that,  even  though  a 
utility  may  steal  equipment  without  being  apprehended,  and  may  con- 
vert that  equipment  into  used  and  useful  property  in  the  service  of  the 
public,  the  stolen  equipment  must  receive  due  recognition  in  a  valua- 
tion and  rate-making  proceeding.  Whether  or  not  this  view  will  pre- 
vail ultimately,  under  a  continuance  of  State  regulation,  is  a  some- 
what debatable  question  at  the  present  time.  A  simple  case  will  serve 
to  illustrate  the  fallacy  of  too  great  weight  given  indiscriminately  to 
appreciation  in  utility  property.  Assume  that  an  electric  plant,  in  a 
State  where  the  laws  provide  for  State  regulation,  costs  $100  000,  and 
assume,  further,  that  the  regulatory  body  of  jurisdiction,  after  investi- 
gation at  the  very  start,  has  fixed  rates  such  as  will  yield  full  operating 
expenses  plus  5%  per  annum  ($5  000)  for  accruing  depreciation  and 
7%  per  annum  ($7  000)  for  a  fair  rate  of  return.  At  the  end  of  5 
years,  provided  no  change  is  made  in  the  electric  property,  the  utility 
will  have  accumulated  $25  000  (plus  earnings)  in  a  depreciation  fund, 
and  each  year  will  have  paid  a  full  and  adequate  rate  of  return  on  the 
entire  investment.  During  these  5  years,  if  perchance  the  prices  of 
labor  and  materials  advance  so  that  the  estimated  reproduction-cost- 
new  of  the  identical  property  at  the  end  of  the  period,  according  to 
expert  appraisers,  would  be  $110  000  (exclusive  of  betterments  and  addi- 
tions), there  will  have  been  an  unearned  increment,  over  and  above  a 
fair  rate  of  return,  amounting  to  $10  000  in  the  value  of  the  property — 
equivalent  to  $2  000  per  year,  or  2%  annually  on  the  original  cost.  In 
other  words,  a  valuation  thus  made  at  the  end  of  the  said  5  years, 
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resulting  in  revised  rates  being  fixed  on  an  estimated  reproduction  Mr. 
theory,  capitalizes  an  unearned  increment  which  automatically  results 
in  rendering  a  9%  rate  of  return  throughout  the  entire  first  5-year 
period.  What  has  the  utility  done  or  denied  to  itself  in  order  to  deserve 
this  unearned  increment?  Is  not  the  public  entitled  to  participate  in 
the  appreciation  of  property,  at  least  to  the  extent  of  not  having  the 
same  capitalized  against  it,  to  be  borne  by  the  rate-payers  of  the  future? 
Carrying  the  illustration  still  further,  let  it  be  assumed  that  the  esti- 
mated reproduction  value  sinks  to  $90  000  at  the  end  of  5  years ;  then 
the  reverse  is  true,  and  the  utility  each  year  is  deprived  of  just  earnings 
equivalent  to  2%  of  the  cost  of  the  property.  Under  such  conditions, 
would  it  not  be  argued  that  this  deprivation  of  earnings  would  consti- 
tute a  confiscation  of  property? 

Such  illustrations  are  indicative  of  the  public's  vital  interest  in 
what  is  termed  "appreciation."  It  is  to  be  borne  in  mind  that  "depre- 
ciation", as  applied  in  valuation  work,  in  no  manner  is  the  opposite  of 
''appreciation."  An  original-cost  valuation,  if  properly  compiled,  does 
not  presume  to  inflict  on  a  utility  the  losses  occasioned  by  decreases  in 
prices  of  material  and  labor.  An  original-cost  valuation,  however,  does 
presume  to  reflect  the  conditions  under  which  the  bargain  between  a 
utility  and  its  consumers  was  consummated.  Under  an  original-cost 
valuation,  the  public  sustains  all  losses  due  to  the  falling  off  of  prices, 
although  it  participates  in  gains  only  to  the  extent  of  not  having  an 
unearned  increment  capitalized  against  it. 

The  reproduction  theory  has  its  place.  It  is  undoubtedly  one  evi- 
dence of  value,  and  an  appraisal  predicated  on  the  strict  reproduction 
theory  should  be  made  a  part  of  every  rate  case;  but  the  reproduction 
theory  (or  some  modification  thereof),  under  no  circumstances,  should 
be  construed  as  the  sole  and  only  guide  to  value.  Ultimate  value  for 
rate-making  purposes  is  a  discretionary  exercise  of  judgment  on  the 
part  of  those  governmental  agencies  which  are  empowered  by  legislative 
enactment  to  regulate  public  utilities,  subject  of  course  to  judicial 
review  should  the  administrative  power  be  abused. 

The  Courts  have  not  ruled  that  reproduction-cost-new  (or  less  depre- 
ciation) must  be  the  criterion  by  which  to  judge  the  present  value  of 
utility  property  for  rate-making  purposes;  neither  have  the  Courts 
stated  that  such  reproduction-cost-new  (or  less  depreciation)  is  not  to 
be  used,  nor  that  original  cost  is  not  to  be  used.  What  the  Courts  have 
said  is  that  all  thase  evidences  of  value  are  elements  to  be  considered 
with  other  factors  in  fixing  on  value  for  rate-making  purjKJses.  Wlien- 
ever  reproduction  advocates  turn  their  attention  to  bringing  forth  the 
advantages  of  the  original-cost  method  as  earnestly  as  they  have  ex- 
pounded the  reproduction  theory,  the  disadvantages  of  the  reproduction 
theorj-,  which  make  it  necessary  to  resort  to  original  conditions  and  to 
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original-cost  conceptions,  will  disappear  miraculously  in  a  strict  ad- 
herence to  the  actual  original  cost  method  of  valuation.  A  fair  rate  of 
return  on  the  actual  dollars  prudently  expended  for  utility  property 
that  is  used  in  and  useful  to  the  rendering  of  public  service  are  words 
that  jingle  with  equity;  and  it  is  the  writer's  opinion  that  judicial 
sanction,  supporting  the  position  of  commissions  respecting  original 
cost,  is  not  long  to  be  withheld. 

C.  E.  Grunsky,*  M.  Am.  Soc.  C.  E.  (by  letter)  .f— The  fact  that 
the  profit  to  which  the  owner  of  a  public  utility  is  entitled  may  be 
expressed  in  terms  other  than  as  an  increment  of  the  rate  of  return 
applied  to  a  rate-base,  has  not  been  brought  out  in  the  Committee's 
report,  and  yet  this  deserves  discussion,  as  it  smooths  the  way  for 
determining  reasonable  rates  without  starting  with  "value."  The 
purpose  of  this  extension  of  the  writer's  discussion:};  is  to  make  this 
fact  clear.  The  Courts  are  compelled  to  determine  whether  or  not 
the  allowed  earnings  are  confiscatory.  Consequently,  they  have  con- 
cerned themselves  with  value,  regardless  of  how  it  may  have  been 
built  up.  The  rate-regulating  authority,  on  the  other  hand,  should 
be  and  is  free  to  use  any  proceeding  which  to  it  appears  to  be  con- 
venient and  equitable  in  determining  what  the  earnings  and,  therefore, 
the  rates  should  be.  This  fact  does  not  seem  to  have  been  recognized 
or  accepted  by  many  of  the  public  service  commissions,  and  they, 
therefore,  following  the  lead  of  the  Courts,  are  nearly  all  concerned 
with  the  value  of  public  utility  properties  and  find  themselves  forced, 
in  some  cases,  as  the  writer  has  instanced  in  his  preceding  discussion, 
to  read  new  meanings  into  the  word  "value."  If  every  property  to 
be  valued  was  new,  there  would  be  comparatively  little  difiiculty  in 
estimating  the  amount  that  should  be  assumed  to  be  reasonably  and 
properly  invested  therein,  but  there  is,  serious  difficulty  when  a 
property  is  no  longer  new.  The  service  rendered  by,  or  the  output 
of,  a  property  which  is  mature  and  well-seasoned,  is  ordinarily  better 
than,  or  at  least  as  good  as,  the  same  service  or  output  of  a  new  plant. 
From  the  standpoint  of  the  value  of  the  service  rendered,  therefore, 
the  rates  determined  for  a  new  plant  should  be  appropriate,  too,  for 
a  plant  the  parts  of  which  may  show  all  manner  of  accrued  depre- 
ciation. Except  for  the  requirement  apparently  laid  down  by  the 
Court  that  "value",  interpreted  to  mean  "present"  or  "depreciated" 
value,  is  to  be  taken  into  account,  there  is,  in  other  words,  no  need 
at  all  of  considering  "accrued  depreciation"  (not  to  be  confounded 
with   "deferred   maintenance")    when   rates    are   to   be   fixed.      Conse- 

*  San  Francisco.  Cal. 

t  Received  by  the  Secretary,  June  5th,  1917. 

t  Previous  discussion  by  Mr.  Grunsky  appeared  in  Proceedings  for  March,  1917, 
p.   503. 
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queiitly,  as  already  stated,  the  principle  of  starting  with  a  rate-base      Mr. 
undiminished  by  depreciation  is  fundamentally  sound.  runs->. 

When  thus  determined,  however,  something  more  than  the  rate- 
base  is  to  be  brought  into  consideration.  The  rate-base  may  express 
what  the  sacrifice  was,  which  the  owner  had  made  and  on  which  (to 
cover  interest  and  expenses  incident  to  securing  money  for  the 
onterprise)  he  shoiild  receive  an  adequate  interest  return.  In  addi- 
tion to  an  adequate  interest  return  on  such  a  rate-base,  however,  he 
may  reasonably  expect,  and  certainly  is  entitled  to,  compensation 
for  management,  and  for  business  hazards;  and  he  is  entitled,  also, 
to  a  participation  in  the  prosperity  of  the  community  which  he  serves. 
In  dealing  with  ''value'',  it  has  become  customary  to  include  therein 
some  allowance  for  '"going  value"  and  also  to  fijs  the  rate  of  return 
on  the  resulting  '"fair  value"  higher  than  ordinary  interest  rates.  A 
way  has  thus  been  found  to  permit  the  utility  to  earn  more  than 
interest  on  the  investment.  The  biisiness  yields  a  profit.  Unfortu- 
nately, it  is  difficult,  if  not  impossible,  to  establish  any  fair  or  accept- 
able rule  for  determining  the  fair  rate  of  return  which  ordinarily 
is  to  include  the  profit  item.  That  this  is  difficult  is  due  to  the 
fact  that  one  utility  is  of  a  character  involving  a  large  investment 
compared  with  the  annual  gross  income,  and  another  shows  the  reverse 
condition ;  a  large  amoimt  of  business  is  done  on  a  small  investment. 
Water-works  may  be  suggested  as  of  the  first  class,  particularly  when 
the  areas  owned  for  reservoir  and  water-shed  purposes  are  extensive. 
Express  companies  suggest  themselves  as  belonging  in  the  second 
class.  Their  ownership  of  property  and  capital  investment  may  be 
but  nominal,  although  their  annual  receipts  are  large. 

^Vhy  not  give  consideration,  therefore,  to  the  volume  of  business, 
to  the  annual  gross  income,  as  well  as  to  a  rate-base,  when  deter- 
mining what  the  earnings  should  be?  In  other  words,  let  the  profit 
be  brought  into  a  fair  relation  to  the  volume  of  business,  instead  of 
attempting  to  predicate  it  on  the  rate-base,  or  that  uncertain  element, 
"value",  which  is,  in  part,  created  by  the  profit. 

\Mien  an  interest  return  is  allowed  to  the  utility,  which  will  cover 
the  cost  of  money  borrowed  for  legitimate  enterprises  of  the  character 
of  such  utility,  and  this  interest  rate  is  applied  to  a  rate-base  estimated 
from  legitimate  proper  investment  undiminished  by  accrued  depre- 
ciation, certain  profit  allowances  about  as  not<?d  subsequently  will 
be  found  to  be  appropriate.  It  is  assumed  that,  in  determining 
the  cost  of  borrowed  money,  due  allowance  will  be  made  for  dis- 
counts and  commissions.  The  profit  allowances,  if  made  as  suggested, 
would  represent  compensation  in  lieu  of  current  appreciation  and 
interest  on  the  going  value,  or  other  elements  of  value  not  included 
in  the  rate-base.     In  the  last  analysis,  however,  the  capitalization  of 
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Mr.  this  profit  allowance  would  show  that  intangible  values  have  actually 
y.  i^ggj^  created  and  are  demonstrable.  The  reversal  of  the  usual  pro- 
cedure appears  to  be  advisable.  Instead  of  starting  with  the  intangible 
values  which  are  to  be  created  by  the  earnings,  let  the  profit  be  fixed, 
and  the  intangible  values  will  take  care  of  themselves.  The  sug- 
gested profit  allowances  are  as  follows : 


When  gross  income  is 


$10  000  about  15% 

100  000 

500  000 

1  000  000 

3  000  000 

5  000  000 

10  000  000 

20  000  000 

40  000  000 

100  000  000 


LIUU      i-O~/0  .    .   .    . 

"     14.5%... 

"      13.5% . .  . 

"      12.5%... 

"      10%.... 

"        9%.... 

"        8%.... 

"        7<^ 

I/O    •   •  •   • 

"        6%.... 

"        5%  .  . .  . 

$1  500  per  year. 

14  500 

67  500 
125  000 
300  000 
450  000 
800  000 

1  400  000 

2  400  000 
5  000  000 


The  allowances  here  suggested  as  additions  to  the  interest  return 
on  the  rate-base  are  only  tentative  and  remain  subject  to  modification 
on  further  study.  Furthermore,  no  such  general  suggestion  as  is 
here  made  could  be  expected  to  fit  every  case.  These  allowances, 
moreover,  are  intended  to  apply  under  ordinary  conditions,  and  do 
not  cover  the  larger  return  which  the  owner  has  a  right  to  expect 
under  the  miusual  condition  when,  by  introducing  a  new  invention 
or  a  less  expensive  process,  which  may  be  the  direct  result  of  his 
efficient  management,  he  has  reduced  materially  the  cost  of  his  output. 

In  such  an  event,  the  resulting  benefit  should  go  to  both  the 
"o^vner  and  to  the  rate-payer,  and  the  owner  should  be  recompensed 
for  discarded  property,  rendered  useless  perhaps  by  the  new  inven- 
tion, but,  necessarily,  put  at  once  into  the  class  of  property  no 
longer  in  use.  It  would  be  proper  in  such  cases,  without  imposing 
hardship  on  the  rate-payer,  to  allow  the  rates  to  remain  as  they 
would  have  been  without  taking  account  of  the  reduced  cost  of  pro- 
duction, at  least  long  enough  to  amortize  completely  so  much  of  the 
original  plant  as  the  new  invention  has  rendered  useless.  After  this 
amortization  is  accomplished,  the  rates  will  be  subject  to  such  adjust- 
ment as  will  bring  the  rate-payer  into  fair  participation  of  the  benefit 
which  has  resulted.  If  any  policy  less  favorable  to  the  owner  was 
followed,  he  would  find  it  to  his  advantage  not  to  make  any  inno- 
vations which  would  require  the  abandonment  of  a  part  of  his  plant 
still  in  serviceable  condition.  He  could  not  afford  to  assume  new 
hazards  resulting  from  the  investment  of  more  capital,  unless  he  felt 
sure  that  his  profits  would  be  increased  thereby. 
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Note. — Memoirs  will  be  reproduced  In  the  volumes  of  Transactions.  Any  in- 
tormatiou  which  will  amplify  the  records  as  here  printed,  or  correct  any  errors, 
should  be  forwarded  to  the  Secretary  prior  to  the  final  publication. 


3IEM)ES  COHEN,  Past-President,  Am.  Soc.  C.  E.* 


Died  August  13th,  1915. 


Mendes  Cohen  was  born  in  Baltimore,  Md.,  on  May  4th,  1831.  His 
family,  previously  prominent  in  Europe,  came  to  America  before  the 
Kevolution,  its  fir.><t  representative  going  to  Lancaster,  Pa.,  in  1773, 
afterward  serving  in  the  war  and,  later,  living  in  Richmond,  Va. 
Mr.  Cohen's  grandfather  went  to  Baltimore  in  1808.  Two  of  the 
family  served  in  the  War  of  1812.  The  father  of  Mendes  Cohen,  a 
banker  in  Baltimore,  died  in  1847,  and  the  son,  who  had  been  under 
the  instruction  of  a  private  tutor,  directly  entered  the  works  of  Ross 
Winans,  the  builder  of  early  American  locomotives.  In  1851,  he  was 
made  an  Assistant  Engineer  on  the  Baltimore  and  Ohio  Railroad,  and 
served  on  the  construction  of  the  Broad  Tree  Tunnel ;  then,  having  been 
transferred  to  the  Motive  Power  Department,  he  was  engaged  in  the 
adaptation  of  wood-burning  passenger  locomotives  to  coal  burning. 
He  also  worked  out  the  method  adopted  for  handling  the  traffic  on  the 
10%  temporary  grade  over  the  Kingwood  Tunnel,  a  remarkable 
achievement  in  railroad  operation. 

In  1855,  when  only  twenty-four  years  old,  Mr.  Cohen  had  already 
become  known  as  an  especially  capable  railroad  official,  and  was  made 
Assistant  Superintendent  of  the  Hudson  River  Railroad.  He  was  with 
that  Company  until  1861,  when  he  succeeded  Gen.  George  B.  Mc- 
■  Clellan  as  operating  head  of  the  Ohio  and  Mississippi  Railroad,  first 
as  Superintendent  and,  later,  as  President  and  Superintendent.  Soon 
after  the  close  of  the  Civil  War,  he  was  engaged,  for  a  short  time,  on 
special  work  for  the  Philadelphia  and  Reading  Railway. 

From  1868  to  1871  Mr.  Cohen  was  Comptroller  and  Assistant  to 
the  President  of  the  Lehigh  Coal  and  Navigation  Company.  In  1872, 
he  became  President  of  the  Pittsburgh  and  Connellsville  Railroad, 
which  was  subsequently  consolidated  with  the  Baltimore  and  Ohio 
I  System.  He  retired  in  1875  from  official  positions  in  connection  with 
,  companies,  but  continued  his  practice  in  Baltimore  as  a  Consulting 
Engineer. 

ilr.  Cohen  is  survived  by  his  widow,  Mrs.  Jessie  (!N"athan)  Cohen. 

•  Memoir  prepared  by  the  following  Committee:  John  Bogart  and  J.  E.  Greiner, 
Members,    Am.   Soc.   C.   E. 
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j\rr.  Cohen  was  a  nieniber  of  the  Board  appointed  by  the  President, 
in  1894,  to  report  on  a  route  for  the  Chesapeake  and  Delaware  Ship 
Canal.  From  1893  to  1904,  he  was  Chairman  of  the  Baltimore  Sewer- 
age Commission.  He  was  for  twenty-one  years  the  Secretary  of  the 
Maryland  Historical  vSociety,  serving-  for  nine  years  as  its  President. 
He  was  also  Vice-President  of  the  American  Jewish  Historical  Society 
from  1897  until  his  death.  His  acquaintance  with  history,  especially 
that  of  Maryland,  was  remarkable.  He  was  a  member  of  the  Municipal 
Art  Commission  of  Baltimore  from  1892  until  his  death.  For  many 
years  he  was  also  an  active  member  of  the  Board  of  Trustees  of  the 
Peabody  Institute. 

During  many  years  Mr.  Cohen  was  a  strong  and  influential  citizen 
in  the  city  of  his  birth  and  long  residence.  He  was  consulted  in  all 
matters  of  great  importance,  and  his  judgment,  always  given  after 
deliberate  consideration,  had  great  weight.  He  was  a  serious,  religious 
man;  socially  of  the  best  in  Baltimore,  in  fact,  a  worthy  representative 
of  one  of  the  old  strong  families  of  the  United  States. 

Mr.  Cohen  was  a  man  of  strong  character,  with  broad  experience, 
not  only  in  technical  and  engineering  matters,  but  also  in  well-informed 
studies  of  afl^airs  and  conditions  of  business  and  social  life.  He  was  a 
man  of  much  reserve,  wise  in  conference,  ready  to  consider  and  give 
weight  to  the  suggestions  of  others,  and  did  not  hesitate  to  express 
his  own  judgment  and  opinion  with  clear  statements  of  reasons  for 
them.  He  was,  therefore,  a  strong  and  valuable  associate  and  adviser 
in  the  direction  of  business  matters.  This  was  particularly  evident  in 
the  consideration  of  the  problems  arising  in  the  affairs  of  a  growing 
institution,  such  as  the  Society  was  during  the  years  of  his  close  con- 
nection with  its  management.  He  never  lost  interest  in  its  welfare, 
nor  forgot  the  responsibilities  of  a  Past-President.  He  highly  appre- 
ciated the  honor  of  his  election  as  its  President. 

Mr.  Cohen  became  a  Member  of  the  American  Society  of  Civil 
Engineers  on  December  4th,  1807.  The  Society,  founded  in  1852,  had 
been  inactive  during  the  Civil  War,  but  was  kept  alive  by  a  small 
group  of  members,  the  oflicers  elected  in  1852  continuing  their  nominal 
functions.  In  1867.  the  Society  was  resuscitated,  James  P.  Kirkwood. 
one  of  the  original  members,  becoming  President  in  succession  to 
James  Laurie,  who  had  held  the  office  from  1852  to  1867.  Mr.  Cohen 
was  elected  to  membership  in  that  year,  and,  at  the  time  of  hi? 
death,  had  only  one  living  associate  of  those  who  became  member? 
in  1867.  The  Society  had  only  twenty-six  members  at  the  time  of 
his  election. 

Although  then  only  thirty-six  years  old,  Mr.  Cohen  had  already 
Iteld  responsible  positions  in  railroad  operation  and  management  and 
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his  woll-iiiforincd  judgment  was  at  once  of  value  in  the  Imihlinj:^  up 
Olid  judicious  expansion  of  the  activities  of  the  Society.  He  served  as 
a  Director  in  1888.  as  Vice-President  in  ISOO,  and  as  President  in 
189l'. 

AUGUSTUS  JAY  DUBOIS,  M.  Am.  Soo.  C.  E.* 


Died  Octobek  litrii,  1915. 


Augustus  Jay  DuBois,  the  son  of  Henry  Augustus  DuBois  and 
Catherine  Helena  (Jay)  DuBois,  who  had  six  other  children,  was 
born  at  Newton  Falls,  Ohio,  on  April  25th,  1849.  His  father,  who  was 
of  French  Huguenot  descent,  received  the  degree  of  M.D.  from  Colum- 
l)ia  College  in  1830  and  spent  most  of  his  life  in  the  practice  of  medi- 
cine. His  mother  was  a  granddaughter  of  Chief  Justice  John  Jay, 
i  who  was  also  of  French  Huguenot  descent. 

Air.  DuBois  prepared  for  college  at  the  Hopkins  Grammar  School 
I  in  New  Haven,  Conn.,  and  then  took  the  course  in  Civil  Engineering 
I  at  the  Sheffield  Scientific  School  of  Yale  University,  from  which  he 
was  graduated  in  1869.  Continuing  there  in  advanced  studies,  he 
secured  the  degree  of  C.  E.  in  1870  and  that  of  Ph.D.  in  1873.  He 
then  spent  18  months  at  the  Royal  Mining  Academy  in  Freiberg, 
i  Saxony,  followed  by  a  few  months  of  surveying  work  in  California  and 
:  Connecticut. 

;  During  1871-75  he  made  a  special  study  of  the  then  new  science 
lof  Graphic  Statics,  the  results  of  which  were  published  in  1875, 
lin  two  volumes,  under  the  title  "Elements  of  Graphical  Statics 
land  Their  Application  to  Framed  Structures."  This  was  the  first 
comprehensive  work  on  the  subject  which  appeared  in  the  United  States, 
and  it  was  re-issued  in  revised  editions  in  1877,  1879,  and  1883. 

In  1875,  Mr.  DuBois  was  appointed  Professor  of  Civil  and  Mechan- 
ical Engineering  in  Lehigh  University,  from  which  he  was  called,  in 
11877,  to  the  chair  of  Mechanical  Engineering  at  the  Sheffield  Scientific 
School,  and,  in  1884,  he  was  appointed  Professor  of  Civil  Engineering 
there,  a  position  which  he  filled  until  his  death. 

During  his  forty  years  of  service  as  a  teacher  of  Engineering, 
Professor  DuBois  was  active  in  enriching  the  theory  of  the  subject. 
,He  translated  from  the  fourth  edition  of  Weisbach's  "Mechanics  of 
Engineering",  the  sections  "Hydraulics  and  Hydraulic  Motors"  (pub- 
lished in  1877),  and  "Theory  of  the  Steam  Engine"  (1877) :  also 
Weyrauch's  "Calculation  of  Iron  and  Steel  Constructions"  (1877), 
ind  Roentgen's  "Principles  of  Thermodynamics"  (1879).  These  books 
•  Memoir  prepared  by  Mansfield  Merriman,  M.  Am.  Soc.  C.  E. 
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were  issued  at  a  time  when  literature  on  these  subjects  was  scanty  in 
the  United  States,  and  they  were  used  extensively  in  engineering  schools 
and  by  engineers,  each  of  them  passing  through  several  editions.  In 
1883  appeared  the  first  edition  of  his  "Stresses  in  Framed  Structures," 
a  book  in  quarto  form,  which  gave  methods  of  computing  stresses  by. 
both  analytic  and  graphic  processes  and  also  contained  fifteen  folding 
plates  of  designs  and  working  drawings  of  bridges.  This  book  was 
widely  used  as  a  text  in  engineering  schools,  and  it  passed  through 
twelve  editions,  each  being  revised  and  improved.  The  manuscript  for 
an  enlarged  edition  was  completed  shortly  before  his  death. 

In  1894  and  1895  there  appeared  three  octavo  volumes  by  Professor 
DuBois,  entitled  "Elementary  Principles  of  Mechanics",  one  treating 
of  kinematics,  another  of  statics,  and  a  third  of  kinetics.  In  1901, 
these  volumes  were  re-issued  in  revised  quarto  form  as  the  first  volume 
of  "Mechanics  of  Engineering",  the  second  volume  being  the  twelfth 
edition  of  his  "Stresses  in  Framed  Structures." 

Professor  DuBois  had  contributed  papers  on  roof  trusses,  retaining 
walls,  and  the  steam  engine  to  the  technical  journals;  he  had  also 
taken  part  in  discussions  before  the  Society  on  flexure  of  beams,  and 
had  contributed  papers  on  "The  Weights  of  Bridges"*  and  on  "The 
Strength  of  Columns". f 

During  1889-94  he  prepared  and  delivered  six  lectures  entitled 
"Science  and  Faith",  "Science  and  Immortality",  "Science  and  Mir- 
acle", etc.,  which  were  published  in  the  Century  Magazine  and  other 
periodicals.  These  lectures  were  marked  by  originality  of  thought 
and  beauty  of  style,  and  by  the  purpose  to  establish  moral  truths  on 
the  fundamental  principles  of  mechanics;  one  of  the  last  products  of 
his  pen  was  to  summarize  the  conclusions  of  these  lectures  in  an  article 
in  the  Yale  Review  for  July,  1913. 

Professor  DuBois  was  a  hard  worker,  a  clear  and  logical  writer, 
and  his  books  greatly  advanced  the  interests  of  sound  education  in 
theoretical  and  applied  mechanics.  As  a  teacher,  he  was  most  successful, 
and  especially  was  he  insistent  that  students  should  acquire  a  thorough 
knowledge  of  fundamental  principles.  His  successor.  Professor  John 
C.  Tracy,  in  an  obituary  notice  in  the  Yale  Alumni  Weekly,  wrote  as 
follows : 

"A  sympathetic  interest,  a  ready  wit,  and  a  friendly  unconventional 
manner  won  his  students  from  the  start.  He  Was  a  clear  and  original 
thinker,  and  a  keen  but  sympathetic  critic.  Breadth  of  culture  and  nn 
unusual  power  of  expression  made  him  a  brilliant  and  inspiring  con- 
versationalist. Underneath  a  quiet  and  undemonstrative  exterior,  there 
was  a  man  chivalrous,  sympathetic,  always  thoughtful  of  others,  loyal, 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XVI  (1887),  p.  191;  Vol.  XVIII  (1888), 
p.  170. 

t  Transactions,  Am.  Soc.  C.  E..  Vol.  XXVIII   (1892),  p.  69. 
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luul  wholly  lovable.  Only  a  few  of  his  closest  friends  knew  how,  in 
his  own  (juiet  unostentatious  way,  he  went  about  doing  good,  and  to 
tlicm  he  seemed  an  almost  perfect  type  of  Christian  gentleman." 

Professor  DuBois  rarely  attended  engineering  meetings,  seeming 
to  feel  somewhat  awkward  outside  of  the  circle  of  his  friends  and 
students.  In  his  college  days  he  was  a  good  chess  player  and  a  member 
of  the  Book  and  Snake  Fraternity,  but  he  took  little  interest  in  other 
social  activities.  He  made  six  trips  to  Europe,  for  rest  and  relaxation 
during  summer  vacations,  but  he  never  had  a  Sabbatical  year  in  whole 
or  in  part  during  his  forty  years  of  service  as  a  teacher. 

He  was  married,  on  June  23d,  18S3,  to  Miss  Adeline  Blakesley, 
daughter  of  Arthur  Blakesley,  of  New  Haven,  Conn.  They  had  no 
children,  and  she  survived  him  only  seven  months. 

Professor  DuBois  was  a  member  of  the  American  Institute  of 
Mining  Engineers,  the  American  Society  of  Mechanical  Engineers,  and 
the  Society  of  Naval  Architects  and  Marine  Engineers,  as  well  as 
several  scientific  academies  and  associations. 

Augustus  Jay  DuBois  was  elected  a  Junior  of  the  American  Society 
of  Civil  Engineers  on  July  7th,  1875,  and  a  Member  on  October 
nth,  1892. 


THEODORE  NEWEL  ELY,  M.  Am.  See.  C.  E. 


Died  October  28th,  1916. 


Theodore  Xewel  Ely  was  born  in  Watertown,  N.  Y.,  on  June  '23d, 
1840.  When  he  retired  from  the  office  of  Chief  of  Motive  Power  of 
the  Pennsylvania  Kailroad  System  on  July  1st,  1911,  he  had  lived 
through  and  participated  in  the  most  active  period  of  railroad  develop- 
ment that  the  world  has  ever  seen,  having  begun  his  railroad  career 
in  ISGS. 

Mr.  Ely  was  graduated  from  the  Jefferson  County  (X.  Y.)  Insti- 
tute in  1863,  and  from  the  Rensselaer  Polytechnic  Institute,  of  Troy, 
X.  Y.,  with  the  degree  of  Civil  Engineer,  in  the  class  of  1866. 

After  his  graduation  he  had  an  opportunity  to  enter  the  United 
States  Navy,  the  Navy  Department  having  offered  to  accept  the 
Institute's  examinations  as  the  equivalent  of  those  at  Annapolis  and 
grant  a  full  cadetship  after  a  year  of  sea  experience;  another  offer 
was  that  of  a  Professorship  at  Rensselaer.  He  preferred,  however, 
active  professional  work. 

After  a  brief  experience  in  the  office  of  the  City  Regulator  (City 
Engineer)  of  Pittsburgh,  Pa.,  he  went  to  the  Fort  Pitt  Foundry,  where 
•  Memoir  prepared  by  George  L.  Fowler,  Esq.,  New  York  City. 
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he  became  associated  with  (jeii.  Thomas  J.  Rodman,  the  inventor 
of  the  well-known  Rodman  gun.  The  Government  specifications  for 
the  metal  for  the  guns  were  very  exacting,  and  Mr.  Ely  here  obtained 
his  first  experience  in  the  investigation  on  a  commercial  scale  of  the 
qualities  of  metals.  After  the  completion  of  this  work,  he  was  engaged 
for  a  short  time  in  coal  mining. 

In  1868  he  entered  the  Engineer  Corps  of  the  Pittsburgh,  Fort 
Wayne  and  Chicago  Railroad,  at  Pittsburgh.  In  July  of  the  same  year 
he  accepted  an  offer  of  the  position  of  Assistant  Engineer  on  the  Phila- 
delphia and  Erie  Railroad,  a  part  of  the  Pennsylvania  Railroad  System. 
In  1869,  he  was  made  Superintendent  of  the  Middle  Division,  with 
headquarters  at  Renovo,  Pa.,  and,  in  1870,  Assistant  General  Super- 
intendent of  the  road.  Some  of  the  features  of  Mr.  Ely's  work  during 
this  period  were  re-alignments  of  the  road,  the  rebuilding  of  practically 
every  bridge  on  the  Philadelphia  and  Erie,  and  the  building  of  the 
docks  and  terminals  at  Erie  Harbor,  to  take  care  of  the  road's  pros- 
pective combined  lake  and  rail  traffic.  During  this  period,  also,  the 
first  steps  were  taken  in  tlie  development  of  the  Pennsylvania  Rail- 
road standards  of  materials  and  designs,  and,  in  connection  with  Mr. 
Frank  Thomson,  who  was  Superintendent  of  the  Eastern  Division 
of  the  Philadelphia  and  Erie,  he  designed  and  made  detailed  drawings — 
the  first  issued  at  any  jjoint  on  the  road — for  a  standard  section  of 
track.  A  sample  mile  of  this  track  established  its  superiority  over 
the  previous  construction,  and,  with  the  exception  of  the  weight  of 
the  rail,  its  general  features  are  still  followed.  He  also  conducted,  in 
connection  with  Mr.  William  Robinson,  an  elaborate  series  of  experi- 
ments with  electric  signals,  which  were  fully  developed  later. 

His  duties  as  Assistant  General  Superintendent  of  the  Philadelphia 
and  Erie  included  the  supervision  of  the  Motive  Power  Department, 
of  which  he  took  direct  charge  in  1873.  on  his  appointment  as  Super- 
intendent of  Motive  Power. 

In  1874,  Mr.  Ely  was  made  Superintendent  of  Motive  Power  of 
the  Pennsylvania  Railroad  Division,  and,  in  1882,  General  Superin- 
tendent of  Motive  Power  of  all  the  Lines  East  of  Pittsburgh.  His 
office  in  both  these  positions  was  at  Altoona,  Pa.  Railroad  conditions 
during  Mr.  Ely's  administration  at  Altoona  did  not  call  for  a  radical 
change  in  the  types  of  locomotives  or  cars,  and  their  development, 
therefore,  was  largely  in  increasing  the  efficiency  of  the  types  then  in 
general  use  by  making  important  modifications  and  perfecting  their 
details.  He  left  his  imprint  on  the  locomotives  of  the  country  by 
the  simple  and  clean-cut  character  of  the  designs  developed  at  Altoona, 
which  eliminated  the  useless  and  ovit-of-place  ornamentation  which 
was  then  a  feature  of  locomotive  construction.  The  same  is  true  with 
regard  to   passenger   equipment  cars,   for   the   improvement  of   which 
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.Mr.  I'lly's  p-i)()(l  ta>!t<^  vv:is  Inrgelj'  responsihk-.  Among  tlic  practices 
iiitnxIiK'rd  diirinp:  this  period  for  increasing  the  efficiency  and  economy 
ul'  oiH'nitions,  the  following  may  be  briefly  mentioned. 

At  the  time  of  Mr.  Ely's  appointment  as  Superintendent  of  Motive 
Power,  the  purchase  of  materials  used  was  not  controlled  by  specifica- 
tions of  any  kind,  the  brand  or  reputation  of  the  seller  being  depended 
on  as  a  measure  of  quality.  Recognizing  that  competitive  purchasing 
required  as  its  foundation  a  clear  descrijition  of  the  article  to  be 
purchased,  Mr.  Ely  obtained  in  1875  permission  to  establish  a  Depart- 
ment of  Tests,  both  physical  and  chemical,  to  develop  the  necessary 
specifications  for  the  materials  to  be  bought,  and  to  examine  the  mate- 
rials received  to  insure  that  they  met  the  requirements  of  the  specifica- 
tions. Mr.  Ely  wisely  selected  young  and  ambitious  men  as  the  heads  of 
the  two  branches  of  the  Test  Department,  one  being  John  W.  Cloud  and 
the  other  the  late  Charles  B.  Dudley,  M.  Am.  Soc.  C.  E.,  and  his  firm 
>upport  of  his  subordinates  was  largely  responsible  for  the  success  of 
the  new  plan,  as  purchasing  on  the  basis  of  specifications  and  tests  alone 
naturally  aroused  strong  opposition  from  many  manufacturers,  par- 
ticularly those  with  established  brands.  In  some  cases,  however,  the 
manufacturers  themselves  were  the  strongest  advocates  of  the  general 
use  of  the  specifications.  The  new  Department  speedily  developed 
great  value  in  the  investigation  of  many  of  the  technical  questions 
which  were  constantly  arising  in  railroad  work,  and  it  has  made 
notable  contributions  in  the  line  of  scientific  investigations  covering 
a  wide  range  of  subjects. 

Realizing  the  increasing  responsibilities  of  the  Mechanical  Depart- 
ment, Mr.  Ely  encouraged  the  entrance  into  the  service  of  young  men 
of  technical  education,  who  were  given  a  course  of  practical  training 
in  the  shops  under  the  same  rules  and  regulations  as  tlie  regular  appren- 
tices, their  subsequent  advancement  depending  on  their  development 
of  the  necessary  qualifications. 

The  piecework  system,  which  is  now  used  on  the  whole  Pennsyl- 
\ania  System,  was  introduced  during  the  early  part  of  Mr.  Ely's 
administration.  Another  feature  was  the  extensive  use  of  committees 
for  the  stud.v  of  important  questions. 

Mr.  Ely's  encouragement  and  the  assistance  given  by  his  organiza- 
tion were  large  factors  in  the  introduction  and  successful  development 
of  the  automatic  car  coupler,  the  air  brake,  and  other  features  of 
modern  railroad  practice. 

An  important  undertaking  was  the  establishment  at  Altoona,  in 
1889,  of  the  Juniata  Shops  for  building  locomotives.  These  shops 
have  been  extended  from  time  to  time  since  to  keep  pace  with  the 
increasing  size  of  modern  locomotives,  and  still  build  the  greater 
number  of  locomotives  required  by  the  Company. 
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Another  notable  practice  established  under  Mr.  Ely's  direction  was 
the  pooling  of  the  freight  cars  of  all  the  lines  of  the  Pennsylvania 
Railroad  System,  so  far  as  repairs  were  concerned. 

Incidents  of  this  period  were  the  active  part  which  Mr.  Ely  took 
in  the  rebuilding  of  the  road  at  Johnstown,  after  the  flood  in  1889; 
his  work  as  a  member  of  the  Commission  on  Safe  and  Vault  Con- 
struction, appointed  by  Act  of  Congress  in  1890,  for  the  purpose  of 
improving  the  vault  facilities  of  the  Treasury  Department ;  the  exhibits 
of  the  Pennsylvania  Railroad  Company  at  the  various  International 
Expositions — the  Centennial,  Philadelphia,  1876 ;  Paris,  1889 ;  Colum- 
bian, Chicago,  1893 ;  as  well  as  the  later  ones,  Louisiana  Purchase, 
St.  Louis,  1904;  and  Jamestown,  1907 — which  were  prepared  and  car- 
ried out  under  his  direction. 

In  1893,  Mr.  Ely  was  appointed  Chief  of  Motive  Power  of  the 
Pennsylvania  Railroad  Lines  East  and  West  of  Pittsburgh,  with  office 
at  Philadelphia.  Although  in  this  position  his  duties  were  supervisory, 
he  kept  in  close  touch  with  the  work  of  development  of  locomotives 
and  passenger  and  freight  cars  to  meet  the  changing  conditions, 
both  as  to  traffic  and  as  to  materials  for  car  construction.  He  gave 
close  study  to  and  took  an  active  part  in  the  consideration  of  the 
questions  of  policy  involved  in  the  increases  in  the  capacities  of 
locomotives  and  cars,  especially  in  freight  service;  the  substitution 
of  steel  for  wood  in  the  construction  of  both  freight  and  passenger 
cars;  and  the  establishment  of  the  general  principles  of  the  designs. 

Other  activities  during  this  period  were  his  work  as  Chairman  of 
the  Rail  Committee  of  the  System,  charged  with  the  improvement 
of  the  rail  used;  as  a  member  of  various  committees  of  the  American 
Railway  Association;  as  a  member  of  the  Permanent  Commission  of 
the  International  Railway  Congress;  as  President  of  the  Eastern  Rail- 
road Association,  dealing  with  patent  matters;  as  a  Trustee  of  the 
Philadelphia  Commercial  Museum,  which  is  devoted  to  the  develop- 
ment of  the  foreign  trade  of  the  United  States;  and  as  a  member  of 
the  Pennsylvania  State  Commission  on  the  Chestnut  Tree  Blight. 
He  was  also  a  Director,  in  the  interest  of  the  Pennsylvania  Railroad, 
of  the  Pennsylvania  and  Cambria  Steel  Companies. 

Mr.  Ely  was  a  member  of  the  Institution  of  Civil  Engineers  of 
Great  Britain,  the  American  Society  of  Mechanical  Engineers,  the 
American  Institute  of  Mining  Engineers,  and  an  Honorary  Member 
of  the  American  Institute  of  Architects. 

He  was  also  deeply  interested  in  science  and  art,  and  took  an 
active  part  in  many  organizations  for  their  advancement,  among  them 
being  the  American  Society  for  the  Advancement  of  Science,  the 
American  Philosophical  Society,  the  Franklin  Institute,  the  Drexel 
Institute,  the  American  Academy  in  Rome,  Italy,  of  which  he  was 
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Vice-President,  and  the  Philndt'lphia  Orchestra  Association,  of  wliich 
he  was  a  Trustee. 

Althougrh  ill  health  led  to  his  retirement  from  active  service  with 
the  Pennsylvania  Railroad  in  1911,  it  did  not  entirely  deprive  him  of 
participation  in  the  many  aflfairs  of  life  of  which  he  was  a  part  His 
kfcii  analytical  and  judicial  mind,  trained  and  broadened  by  his  studies 
and  an  experience  cmoring  almost  the  entire  period  of  railroad 
development,  made  him  a  valued  adviser  in  all  the  activities  with 
which  he  came  in  contact. 

^Ir.  Ely  held  the  degree  of  Civil  Engineer  from  Kensselaer  Poly- 
technic Institute,  as  a  graduate,  and  had  conferred  on  him  the  hono- 
rary degrees  of  Master  of  Arts,  Yale,  1897,  and  Doctor  of  Science, 
Hamilton  College,  1904. 

Among  the  social  organizations  with  which  he  w^as  identified  were 
the  Philadelphia  and  the  Merion  Cricket  Clubs,  of  Philadelphia;  the 
University,  Century,  and  Engineers  Clubs,  of  New  York  City;  and 
the  Metropolitan  Club  of  Washington,  D.  C. ;  the  New  England 
Society  of  Pennsylvania,  and  the  Sons  of  the  American  Revolution. 

Mr.  Ely  is  survived  by  his  four  children — Mrs.  Charles  L.  Tiffany, 
of  New  York  City,  the  Misses  Gertrude  and  Henrietta  Ely,  of  Bryn 
Mawr,  Pa.,  and  Carl  B.  Ely,  Assoc.  M.  Am.  Soc.  C.  E.,  Superintendent 
of  the  Bridge  Department  of  the  Bethlehem  Steel  Company,  Steel- 
ton,  Pa. 

Mr.  Ely  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  March  2d,  1881,  and  served  as  a  Director  in  1892-93. 


FRANK  FIRMSTONE,  M.  Aui.  Soc.  C.  E.* 


Died  Jume  27th,  1917. 


Frank  Firmstone,  the  son  of  William  and  Mary  Elizabeth  Firm- 
stone,  was  born  on  August  29th,  1846,  at  the  Glendon  Iron  Works,  near 
Easton,  Pa.,  which  his  father  had  built  in  1842.  He  received  his  early 
education  at  the  Old  Philips  School  in  Easton.  Later,  he  was  sent 
to  the  Saunders  Military  Institute,  in  Philadelphia,  Pa.,  where  he 
was  prepared  for  the  Polytechnic  College  of  Pennsylvania,  and  was 
graduated  from  that  college  as  a  Mining  Engineer  in  June,  1865. 

In  November,  1865,  Mr.  Firmstone  was  employed  as  Levelman  on 
surveys  for  the  Wilmington  and  Brandywine  Railroad,  which  position 
he  held  until  March,  1866. 

In  January.  1867,  he  became  associated  with  his  father,  as  Assistant 
Superintendent,    in    the    management    of    the    Glendon    Iron    Works, 

♦  Memoir  prepared  by  the  Secretary  from  Information  on  file  at  the  House  of  the 
Society. 
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remaining  in  this  position  until  May,  1877,  when  his  father  died. 
Mr.  Firmstone  then  took  full  charge  of  the  Iron  Works  as  General 
Manager,  and  retained  this  position  until  1887,  when  he  retired  from 
active  business.  As  Assistant  Superintendent  and  as  General  Manager 
he  made  the  designs  and  superintended  the  construction  of  all  new 
work  at  the  plant,  including  blast  furnaces,  etc.,  as  well  as  repairs 
and  alterations. 

Subsequent  to  1887,  he  became  associated  with  the  Cranberry  Iron 
and  Coal  Company,  serving  for  a  number  of  years  as  its  President 
and  as  a  Director  on  the  Boards  of  all  its  subsidiary  companies  until 
his  death,  which  occurred  at  his  home  in  Glendon,  Pa.,  on  June 
27th,  1917. 

He  is  survived  by  his  brother,  Mr.  Harry  Firmstone,  of  Long- 
dale,  Va. 

Among  other  societies  and  clubs  Mr.  Firmstone  was  a  member 
of  the  American  Institute  of  Mining  Engineers,  and  as  such  had 
contributed  to  its  publications  many  interesting  and  valuable  papers 
on  blast  furnace  practice  and  on  matters  pertaining  to  the  manufac- 
ture of  pig  iron,  on  which  subject  he  was  considered  quite  an 
authority. 

He  was  also  a  member  of  the  American  Society  for  Testing  Mate- 
rials, American  Forestry  Association,  Engineers'  Club  of  New  York 
City,  Automobile  Club  of  Philadelphia,  Pa.,  Country  Club  of  North- 
ampton County,  Pomfret  Club  of  Easton,  Pa.,  Northampton  County 
Historical  and  Genealogical  Society,  and  Trinity  Protestant  (Episco- 
pal) Church,  of  Easton,  Pa. 

Mr.  Firmstone  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  August  7th,  1878. 


JAMES  WALTER  GRIMSHAW,  M.  Am.  Soc.  C.  E. 


Died  February  15th,  1917. 


*  James  Walter  Grimshaw  was  born  at  Manchester,  England,  on  April 
19th,  1852.  In  1868,  he  was  sent  to  Germany  where  he  was  a  pupil 
of  Carl  Bach,  a  well-kno^vn  civil  engineer  of  Stuttgart,  until  1870.  He 
then  entered  the  machine  shops  of  E.  Harn,  of  the  same  city,  where 
he  served  an  apprenticeship  of  one  year.  In  1871,  Mr.  Grimshaw 
entered  the  Stuttgart  Royal  Polytechnic  School,  from  which  he  was 
graduated  in  Civil  Engineering  in  1874. 

After  his  graduation,   Mr.   Grimshaw  returned  to   England,  where 
he  was  employed  until  1877  in  the  Engineering  Departments  of  Messrs. 

*  Memoir  prepared  by  the  Secretary  from  information  on  file  at  the  House  of  the 
Society. 
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Sli;ir|>.  Sti'wurt  and  ('(Hiiitauy  and  Messrs.  Ormerod,  Griersoii  and 
Company,  of  Manchester.  He  was  also  engaged  for  a  short  time  as 
Kesidi'nt  Engineer  of  the  Netham  Chemical  Works  at  Bristol. 

In  IMTT,  Mr.  Grimshaw  went  to  Australia  where  he  spent  the 
greater  i>art  of  his  professional  life.  He  first  entered  the  service  of 
the  South  Australian  Government  and  received  the  appointment  of 
Resident  Engineer  in  the  Harhors  and  Jetties  Department,  where  he 
remained  until  1880.  He  then  entered  the  service  of  the  Government 
of  Xew  South  Wales,  in  the  Eivers  and  Harbors  Department,  his 
first  position  being  Resident  Engineer  of  the  Sydney  Water  Supply 
Works,  in  charge  of  the  construction  and  maintenance  of  the  canals, 
tunnels,  aqueducts,  etc. 

About  1890,  Mr.  Grimshaw  made  the  surveys  for  the  proposed  water 
supply  for  the  City  of  Armidale,  and  supervised  the  completion  and 
testing  of  the  steel  service  reservoir  for  the  Albury  water  supply. 

On  the  completion  of  this  work,  he  was  appointed  Resident  Engi- 
neer on  the  Riclnnond  River  and  Harbor  Works,  where  two  break- 
waters and  a  training  wall  were  being  constructed.  Subsequently, 
he  was  sent  to  Sydney  as  Resident  Engineer  over  the  works  in  Sydney 
Harbor  and  the  South  Coast  District.  In  this  position  he  had  charge 
of  extensive  wharf  construction  and  the  conversion  of  Darling  Island 
into  a  deep-water  shipping  depot. 

In  1901,  Mr.  Grimshaw  retired  from  the  service  of  the  Gov(>rn- 
ment  of  New  South  Wales  and  returned  to  England,  where  he  resided 
until  his  death  which  occurred  at  Brighton,  on  February  15th,  1917. 

He  was  a  member  of  St.  Stephen's  Club,  of  London,  and  of  the 
Institution  of  Civil  Engineers  of  Great  Britain. 

!Mr.  Grimshaw  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  November  7th,  1888. 


WILLIAM  HENRY  HUNTER,  M.  Am.  Soc.  C.  E.* 


Died  February  27Tn,  1917, 


William  Ilonry  Hunter,  the  son  of  Henry  Hunter,  was  born  at 
("ork,  Ireland,  on  June  16th,  1849.  While  he  was  quite  young,  his 
parents  removed  to  England,  and  the  boy  was  educated  at  private 
schools  at  his  home  in  Sunderland  and  at  the  College  of  Physical 
Science,  University  of  Durham,  at  Newcastle-on-Tyne. 

In  186C,  he  entered  the  Engineering  Workshops  of  the  River  Wear 
Commissioners  where  he  remained  until  1SG8,  when  he  went  into  the 
office  of  the  late  Thomas  Meik  as  a  pupil. 

*  Memoir  compiled  by  the  Secretary  from  information  on  file  at  the  House  of  the 
Soriety. 
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Having  served  his  pupilage,  Mr.  Hunter,  in  January,  1870,  was 
employed  as  Assistant  in  the  office  of  Messrs.  Meik  and  Nisbet,  Harbor 
and  Dock  Engineers,  of  Edinburgh  and  Sunderland,  and  was  engaged 
on  harbor  and  dock  work  on  the  Rivers  Wear,  Blyth,  and  Coquet,  at 
Burntisland  and  Ayr,  and  also  on  surveys  for  the  Hylton,  Southwick, 
and  Monkwearmouth  Railway,  a  branch  of  the  North  Eastern  Raihvay. 

From  January,  18Y2,  to  September,  1873,  he  served  as  Resident 
Engineer  on  the  construction  of  the  Hylton,  Southwick,  and  Monkwear- 
mouth Railway  in  the  County  of  Durham.  He  then  accepted  the  posi- 
tion of  Assistant  Engineer  on  the  reconstruction  of  the  River  Weaver 
Navigation,  in  the  County  of  Chester,  and  remained  in  that  position 
until  1882.  The  work  consisted  of  enlarging  and  adapting  the  River 
Weaver  for  navigation  by  large  barges  and  coasting  vessels,  thus  giving 
commercial  outlet  to  the  interests  engaged  in  the  Cheshire  salt  trade. 

From  1882  to  1885,  Mr.  Hunter  was  engaged  as  Chief  Assistant  to 
the  late  Sir  Edward  Leader  Williams,  on  the  surveys,  preparation  of 
designs,  and  Parliamentary  contests,  in  connection  with  the  project 
to  connect  the  City  of  Manchester  with  the  sea  by  a  ship  canal,  and  on 
work  for  the  regulation  and  improvement  of  the  River  Dee  in  Cheshire 
and  North  Wales. 

In  1885,  when  the  Manchester  Ship  Canal  Company  was  incor- 
porated, Mr.  Hunter  was  appointed  Assistant  Chief  Engineer,  and,  as 
such,  was  directly  and  responsibly  concerned  with  all  the  engineering 
operations  connected  with  the  actual  design  and  construction  of  that 
waterway,  including  the  Canal  proper  and  all  its  auxiliary  works. 

In  1895,  he  was  made  Engineer  and,  in  1896,  Chief  Engineer  of 
the  Manchester  Ship  Canal,  which  position  he  held  until  1910.  During 
this  time  Mr.  Hunter  had  charge  of  the  maintenance  of  the  entire 
project  and  carried  out  all  additional  works  necessary  to  its  develop- 
ment, including  the  extension  of  the  great  system  of  docks,  railways, 
etc.  It  was  during  his  incumbency  as  Chief  Engineer,  that  the  new 
Dock  No.  9  was  opened,  with  great  ceremony,  by  His  Majesty,  the  late 
King  Edward  VII,  on  July  5th,  1905. 

In  1910,  Mr.  Hunter  was  appointed  Consulting  Engineer  of  the 
Manchester  Ship  Canal,  which  position  he  held  until  his  death,  which 
occurred  at  his  home  at  Bank  House,  Woodley,  Cheshire,  on  February 
27th,  1917. 

Mr.  Hunter  was  recognized  as  the  foremost  English  authority  on 
canal  and  harbor  construction,  equipment,  and  operation.  In  1898, 
he  was  appointed  a  member  of  the  Comite  Technique  which  was  con- 
stituted by  the  French  Government  to  consider  and  prepare  plans,  for 
the  New  Panama  Canal  Company,  for  the  French  Panama  Canal,  and, 
in  1905,  at  the  request  of  the  United  States  Government,  he  became  a 
member  of  the  Advisory  Board  of  Consulting  Engineers,  appointed  by 
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the  Fresident  to  consider  and  report  on  the  ph^ns  for  the  American 
l^uiama  Canal  project,  for  which  he  strongly  favored  a  sea-level,  as 
apxinst  a  lock,  canal. 

Mr.  Hunter  was  a  member  of  the  Institution  of  Civil  Engineers  and 
frequently  took  part  in  the  discussion  of  papers  on  canals  and  water- 
works. He  also  presented  a  paper  on  the  "Artificial  Waterways  in 
Great  Britain",*  before  the  International  Engineering  Congress,  held 
in  St.  Louis,  Mo.,  in  1904,  under  the  auspices  of  the  Society. 

He  was  also  a  member  of  the  Society  of  Arts  and  the  Manchester 
Association  of  Engineers,  and  a  Conmiissioner  for  the  Navigation  for 
the  Upper  Mersey.  Mr.  Hunter  was  of  a  deeply  religious  nature  and 
was  a  devoted  member  of  the  Plymouth  Brethren,  frequently  preaching 
and  taking  an  active  part  in  their  meetings  in  Lancashire  and  Cheshire. 
A  strenuous  business  man,  he  was  noted  for  his  gentleness  and  courtesy 
as  husband,  father,  and  host,  and  his  love  for  children  and  their  love 
for  him  was  a  frequent  cause  of  remark.  He  is  survived  by  his  widow 
and  three  children. 

Mr.  Hunter  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  Eebruary  7th,  1906. 


WALTER  KATTE,  M.  Am.  Soc.  C.  E.t 


Died  March  4tii,  1917. 


Walter  Katte  was  born  in  London,  England,  on  November  14th, 
1S30.  He  was  the  son  of  Edwin  Katte,  and  the  grandson  of  Edwin 
Jvatte,  a  political  refugee  from  Prussia  during  the  reign  of  Frederick 
the  Great.  His  mother,  Isabel  Chambers,  was  the  granddaughter  of 
John  Chambers,  a  celebrated  boat  builder  on  the  Thames,  London. 
Walter  Katte  was  educated  in  Kings  College  School,  London,  and, 
after  his  graduation,  spent  three  years  as  an  apprentice  in  the  office 
of  a  civil  engineer. 

In  1849,  he  came  to  the  United  States  and  entered  American  rail- 
road service  as  Clerk  and  Draftsman  for  the  Chief  Engineer  of  the 
Central  Railroad  of  New  Jersey,  from  Whitehouse  to  Easton,  Pa. 
Later,  he  served  as  a  Rodman  and  Assistant  Engineer  on  the  Belvidere 
and  Delaware  Railroad.  In  the  early  Fifties,  he  acted  as  Engineer  for 
a  land  development  company,  and  laid  out  the  Town  of  Deerman, 
now  Ir\'ington-on-Hudson,  N.  Y. 

During  the  three  years  following  1854,  Mr.  Katte  was  Chief  Assist- 
ant Engineer  on  the  Western  Division  of  the  Pennsylvania  Railroad. 

•  Transactions.  Am.   Soc.  C.   E.,  Vol.  LIV,   Part  F,   p.   183. 

t  Memoir  prepared  by  George  W.  Kittredge,  M.  Am.  Soc.  C.  E. 
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Later,  he  acted,  successively,  as  Resident  Engineer  of  the  Pennsylvania 
State  Canals,  as  Assistant  Engineer  of  the  Pittsburgh,  Fort  Wayne  and 
Chicago  Railroad,  and  the  Pittsburgh  and  Steubenville  Railroad,  until 
the  breaking  out  of  the  Civil  War. 

In  1859,  he  was  married,  in  Greensburg,  Pa.,  to  his  first  wife, 
Margaret  Jack,  who  died  in  18G4,  leaving;  one  son. 

During  1861  and  1862,  Mr.  Katte  served  as  a  Colonel  of  Engineers 
in  the  Union  Army,  being  commissioned  from  civil  life  to  a  staff  posi- 
tion. He  was  assigned  to  bridge  work  in  Washington,  D.  C,  and  at 
various  points  in  Virginia  and  Maryland.  He  was  the  engineer  in 
charge  of  the  construction  of  the  so-called  "Long  Bridge"  over  the 
Potomac  River  at  Washington.  While  in  this  position,  he  had  an  experi- 
ence with  the  great  cavalry  leader,  General  Philip  Kearny.  Returning 
one  night  from  Washington  to  his  regiment,  which  was  quartered 
across  the  Potomac,  the  General  sent  his  orderly  ahead  to  demand 
passage  over  the  bridge  and  received  word  that  it  was  not  in  condition 
for  traffic.  He  immediately  rode  his  horse  at  full  speed  on  to  the 
bridge  and,  on  being  stopped  peremptorily  by  Col.  Katte,  demanded 
an  explanation  as  to  why  he  was  not  permitted  to  proceed.  Col.  Katte 
quietly  explained  that  a  gap  of  100  ft.  or  more  in  the  bridge  structure 
would  prevent  his  further  progress,  except  by  swimming.  Commenting 
editorially,  a  New  York  daily  paper  said: 

''In  the  Civil  War  nothing  was  more  imi^ortant  to  the  safety  of 
Washington  than  keeping  the  railroads  and  bridges  in  its  neighborhood 
in  perfect  shape.  This  work  Col.  Katte  supervised  efficiently.  Though 
not  won  on  the  battlefield,  his  military  title  stood  for  active,  energetic 
work  in  the  interests  of  military  defense." 

In  1863,  Col.  Katte  was  engaged  as  Chief  Engineer  of  the  Lewiston 
Branch  of  the  Pennsylvania  Railroad,  and,  later,  as  Resident  Engineer 
and  Engineer  of  Bridges  and  Buildings  on  the  Northern  Central  Rail- 
road, from  Baltimore,  Md.,  to  Elmira,  N.  Y. 

Col.  Katte  compiled  and  wrote  the  first  "Carnegie  Pocket  Com- 
panion" published,  and,  recently,  at  the  request  of  the  Carnegie  Steel 
Company,  wrote  the  history  thereof,  as  follows : 

"In  1865  to  1868,  I  was  resident  in  Pittsburgh  as  Engineer  and 
Secretary  of  the  Keystone  Bridge  Company.  In  1868,  that  company 
and  the  Union  Iron  Mills  of  Pittsburgh  (Carnegie  Bros.,  Kloman,  Phipps 
&  Co.)  decided  to  enter  the  western  field  in  competitive  business  and 
to  establish  an  office  and  representative  in  Chicago  for  that  purpose; 
I  was  chosen  for  that  position.  The  Keystone  Bridge  Company  had 
at  that  time  already  under  contract  the  manufacture  and  erection 
of  the  superstructures  of  the  Hannibal  &  St.  Joe  Railroad  Company's 
bridge  over  the  Missouri  River,  at  Kansas  City,  and  the  Illinois  Cen- 
tral Railroad  Company's  bridge  over  the  Mississippi  River,  at  Dubuque, 
la.,  also  was  negotiating  contracts  for  bridges,  later  consummated,  for 
Mississippi  River  at  Keokuk,  la.,  Louisiana,  Mo.,  and  St.  Louis,  Mo. 
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"I  proceeded  to  Chicago  and  ()i>om'd  there  the  western  office  of  tlie 
Krystono  l^ridye  Company  and  the  Union  Iron  Mills,  of  Pittsburgh, 
Pa.,  and  took  personal  charge,  as  agent  and  representative,  of  the  field 
operations  under  these  contracts. 

"In  ISTO,  negotiations  for  the  great  steel  arch  bridge  over  the 
Mississipjii  River  at  St.  Louis  were  being  actively  promoted  by  Mr. 
Andrew  Carnegie  and  myself,  and  finally  consummated  in  the  execu- 
tion of  a  contract,  signed  by  Capt.  James  B.  Eads,  as  President  of  the 
Illinois  &  St.  Louis  Bridge  Company,  and  by  myself,  on  the  part  of 
the  Keystone  Bridge  Company,  under  the  terms  of  which,  the  Keystone 
Bridge  Company  undertook  and  obligated  itself  to  perfect  the  mochan- 
ical  details  of  the  shop  drawings  of  the  superstructures,  supply  all 
materials  for,  and  manufacture  of,  same,  design  plans  for  erection,  and 
to  erect  it  and  assume  all  responsibility  for  the  successful  completion 
of  the  erection. 

'"I  was  assigned  to  take  personal  charge,  as  Resi'dent  Engineer,  of 
said  erection.  As  the  responsibility  for  the  successful  consummation 
of  same  was  of  extreme  gravity,  I  felt  the  paramount  necessity  of  my 
personal  presence  on  the  work  continuously,  which,  of  course,  resulted 
in  the  closing  of  my  office  in  Chicago  and  the  removal  of  same  to 
St.  Louis,  which  was  effected  early  in  1871,  and  the  joint  Western 
office  of  the  Keystone  Bridge  Company  and  the  Union  Iron  Mills,  of 
Pittsburgh,  Pa.,  was  opened  under  my  charge  at  No.  211  Washington 
Avenue,  St.  Louis,  Mo. 

"About  this  time,  or  a  little  later,  Mr.  Thomas  Carnegie  sug- 
gested to  me  his  desire  to  issue  a  handy  'Pocket  Book'  as  a  desirable 
assistant  to  Engineers  and  Architects  in  making  proper  selections, 
suited  to  their  requirements,  of  the  various  products  of  the  Union  Iron 
Mills  and  asked  me  to  compile  the  mss.  for  it,  which  I  did.  It  was  all 
written  by  my  own  hand  from  time  to  time  in  such  leisure  moments  as 
were  available,  notwithstanding  the  pressing  demands  of  my  every  day 
work,  most  of  it  done  at  home  in  evenings — and  that's  about  all  the 
early  history  that  this  little  progenitor  has  to  claim.  It  proved,  hoAv- 
ever,  a  great  success  when  issued,  and  there  was,  so  Thomas  Carnegie 
told  me,  a  great  demand  for  it,  and  he  wrote  me  that  he  had  received 
many  letters  from  Engineers  and  Architects  using  it — highly  extolling 
its  usefulness  and  wondering  why  such  a  handy  little  vade  mecum  had 
not  been  issued  long  before." 

While  living  in  St.  Louis,  Col.  Katte  was  married  to  Elizabeth 
Pendleton  Britton,  daughter  of  the  Hon.  James  H.  Britton,  a  prominent 
banker  and  later  Mayor  of  that  city. 

After  the  completion  of  the  St.  Louis  Bridge,  Col.  Katte  was  called 
to  New  York  City  to  take  the  position  of  Chief  Engineer  of  the  New 
York  Elevated  Railroad  Company,  and  from  1877  to  1880,  he  built  the 
initial  portions  of  the  Third  Avenue  and  Ninth  Avenue  Elevated 
Railroads,  which  were  the  first  elevated  steam  railroads. 

His  next  work  was  the  construction  of  the  New  York,  Ontario  and 
Western  Railroad,  from  Weehawken,  N.  J.,  to  Middletown,  N.  Y. ; 
then  the  building  of  the  West  Shore  Railroad  from  New  York  City 
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to  Buffalo,  which  was  followed  by  the  construction  of  the  Jersey  Junc- 
tion Railroad,  connecting  the  West  Shore  Railroad  with  the  Pennsyl- 
vania Railroad,  at  Jersey  City.  This  work  occupied  his  time  between 
1880  and  1886. 

In  1886,  Col.  Katte  became  Chief  Engineer  of  the  ISTew  York  Cen- 
tral and  Hudson  River  Railroad  Company,  which,  at  that  time,  ab- 
sorbed the  West  Shore  Railroad.  His  most  important  work  while 
in  the  employ  of  this  Company  was  the  four-tracking  and  depress- 
ing of  the  tracks,  in  New  York  City,  north  of  the  Harlem  River,  this 
work  being  known  as  the  Harlem  Depression ;  the  construction  of  the 
four-track  steel  viaduct  in  Park  Avenue,  New  York  City,  and  the  four- 
track  drawbridge  over  the  Harlem  River,  which  is  still  the  largest 
drawbridge  in  existence.  In  1898,  Col.  Katte  resigned  his  position  with 
the  New  York  Central  Company  and,  in  his  letter  of  resignation, 
stated :  "The  recent  absorption  of  other  railroad  lines  into  the  Vander- 
bilt  System  had  so  multiplied  the  duties  of  the  office  of  the  Chief  Engi- 
neer, that  he  felt  that  a  younger  man  was  necessary  for  the  work." 
In  accepting  his  resignation,  the  Hon.  Chauncey  M.  Depew,  then  Presi- 
dent of  the  Railroad  Company  said:  "Col.  Katte  is  one  of  the  fore- 
most engineers  in  the  world.  He  is  still  connected  with  the  New  York 
Central  and  Hudson  River  Railroad  Company  as  Consulting  Engineer, 
and  will  be  as  long  as  he  lives." 

Col.  Katte  was  one  of  the  original  thirteen  founders  of  the  Western 
Society  of  Civil  Engineers  of  which  he  only  recently  was  elected  an 
Honorary  Member.  He  was  also  a  member  of  the  Institiition  of  Civil 
Engineers,  of  Great  Britain. 

During  his  active  engineering  life,  Col.  Katte  made  frequent  con- 
tributions to  technical  papers  and  to  the  Transactions  of  the  National 
Engineering  Societies.  He  published  one  of  the  first  sets  of  standard 
specifications  for  railroad  construction  work,  and  had  taken  out  several 
U.  S.  Patents,  the  one  in  most  general  use  being  his  so-called  "Three-tie 
rail  joint." 

Important  daily  papers  at  the  time  of  Col.  Katte's  death  were 
unanimous  in  their  expression  of  the  fine  quality  of  his  engineering 
work,  one  commenting  editorially  as  follows : 

"Col.  Katte  was  a  fine  American,  a  great  railroad  builder,  and  had 
won  first  place  among  our  civil  engineers  *  *  *.  He  knew  and 
cared  little  about  the  devious  ways  of  financing  railroads;  everything 
about  construction  and  operation.  Half  a  century  of  such  activity 
fairly  earned  a  period  of  repose.  Col.  Katte's  later  years  were  peaceful, 
calm,  uneventful.  He  will  live  in  the  memory  of  his  profession  as  a 
man  who  saw  things  clearly  and  who  did  things  thoroughly.  That  is, 
from  the  practical  viewpoint,  the  highest  of  encomiums." 

Col.  Katte  enjoyed  nearly  nineteen  years  in  quiet  retirement.  His 
health  was  excellent,  with  the  exception  of  almost  total  deafness ;  his 
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iiiiml  alert  ami  vigorous;  his  spirit  struny  and  serene  until  the  day  of 
iiis  death.  lie  died  at  his  iiome.  in  New  York  City,  on  March  4th,  1917, 
and  is  survived  by  a  widow,  two  sons,  and  a  daughter. 

Coh  Kattc  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  October  Tth,  18(!8,  and  served  as  a  Director  in  1885 
and  1SS9. 


STANLEY  ALFRED  MILLER,  M.  Am.  Soe.  C.  E.* 


Died  May   13th,   1917. 


His  many  friends  and  associates  were  shocked  beyond  measiire  by 
the  dreadful  tragedy  which  culminated  in  the  death  of  Stanley  Alfred 
Miller  and  his  assistant,  Mr.  Epaphroditus  Hawkins,  which  took  place 
about  42  miles  from  La  Romana,  Santo  Domingo,  on  the  morning  of 
May  13th,  1917. 

Staidey  Alfred  ]\riller  was  born  in  Xew  Orleans,  La.,  on  May  27th, 
1882,  of  one  of  the  tine  old  families  which  have  made  his  native  State 
so  famous  by  their  ideals  and  accomplishments,  and  whose  traditions 
he  consistently  maintained.  He  was  educated  at  local  schools  and  at 
the  Louisiana  State  University,  where  he  was  one  of  the  youngest 
students. 

His  professional  work  began  like  that  of  most  engineers,  as  Rod- 
man, Levelman,  Instrumentman,  etc.  Then,  he  was  Assistant  Engi- 
neer on  sewers,  and  on  levee  construction  and  railways.  At  the  age 
of  19,  however,  Mr.  Miller  was  Assistant  Engineer  to  the  Board  of 
Public  Works  of  Mobile,  Ala.,  engaged  in  design  and  construction. 
As  Assistant  to  various  consulting  engineers  he  was  employed  on  the 
survey,  design,  and  construction  of  sewers  and  water-works  for  Baton 
Kougc,  La.,  Mobile,  Ala.,  Dallas,  Tex.,  and  Ardmore  and  South 
McAlester,  Okla.  In  1904,  he  served  as  Resident  Engineer  on  the 
Chihuahua  and  Pacific  Railroad,  and,  in  1905,  he  was  with  S.  Pearson 
and  Son.  Limited,  Contractors,  of  London,  England,  on  the  construc- 
tion of  Port  Works  at  Coatzacoalcos  (now  Puerto,  Mexico),  having 
been  for  a  time  in  direct  charge  of  the  contractors'  labor  forces  on  the 
terminal  yards  and  jetties.  This  will  be  recognized  by  all  engineers 
as  a  position  of  great  responsibility  for  a  man  of  his  age. 

This  was  followed  by  his  work  for  the  Mexican  Light  and  Power 
Company,  near  Xecaxa,  Mexico,  in  1906,  in  local  charge  of  the  con- 
struction of  Earth  Dams  Nos.  1  and  3,  and  I'unnel  Xo.  1,  where  his 
infinite  care  and  attention  to  every  detail  proved  to  be  the  source  of 
much  valuable  information  to  his  associates. 

•  Memoir  prepared  by  Verne  LicRoy  Havens,  M.  Am.  Soc.  C.  E. 
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While  living  in  the  semi-permanent  camp  near  the  dams,  Mr.  Miller 
was  returning  to  his  quarters  after  a  midnight  inspection  of  some  of 
the  work,  when  he  stumbled  over  a  severely  wounded  Mexican  laborer. 
Having  no  assistance,  and  in  spite  of  the  fact  that  he  was  not  a  large 
man  physically,  he  picked  up  the  wounded  man,  carried  him  to  his  own 
cabin,  and  telephoned  for  a  doctor.  It  was  raining  heavily,  and  the 
doctor  was  miles  away  attending  to  other  patients,  so  Mr.  Miller,  by 
the  light  of  a  flickering  and  temporary  arc  lamp,  dressed  the  abdom- 
inal wounds,  the  operation  requiring  many  stitches.  The  man  was 
doomed  in  any  event,  but  Mr.  Miller's  efforts  maintained  the  spark  of 
life  until  his  family  could  get  to  him. 

Mr.  Miller  was  engaged  in  the  construction  of  a  7-mile  sewer  for 
Paducah,  Ivy.,  and  paving  and  sewerage  for  Cairo,  111.,  in  1906  and 
1907.  He  was  also  Assistant  Engineer  on  hydro-electric  projects  in 
California  and  Colorado  in  1907  and  1908, 

During  the  next  three  years,  he  was  in  charge  of  the  Azua 
Irrigation  Project,  in  Santo  Domingo.  On  this  work  his  duties  were 
manifold  and  trying,  but  he  completed  them  to  his  own  satisfaction, 
and  to  those  who  knew  him,  the  meaning  of  that  statement  will  be 
clear,  as  he  was  his  own  most  meticulous  taskmaster.  His  work  con- 
sisted of  surveys  and  plans  for,  and  reports  on,  the  watering  of  50  000 
acres  of  sugar  lands,  and  a  hydro-electric  development.  After  this,  he 
took  charge  of  the  location  of  55  miles  of  improved  highways  for 
Copiah  County,  Miss.,  and  the  construction  of  a  portion  of  the  work. 
He  then  joined  the  forces  of  the  Uruguay  Railway  Company,  and  was 
placed  in  charge  of  railway  location  and  construction,  and  the  build- 
ing of  a  reinforced  concrete  wharf,  bridges,  buildings,  etc. 

When  visiting  one  of  the  camps  under  his  supervision  on  this  work, 
at  Paloma  del  Sarandi,  Mr.  Miller  found  that  one  of  the  engineers  had 
died  in  such  a  manner  that  local  burial  was  impossible,  and,  in  view 
of  the  refusal  of  the  members  of  the  party  to  assist  him,  he  himself 
prepared  the  body  for  transportation.  Then,  with  no  food  from  the 
morning  of  one  day  until  darkness  of  the  second  day,  he  traveled  60 
miles,  continuously,  through  the  rainy  night,  in  an  ox-cart,  secured 
help  at  the  county  seat,  bought  the  ground,  obtained  authority  for  the 
burial,  and  organized  a  funeral,  in  order  that  the  engineer  might  have 
the  last  rites  due  him,  and  that  his  parents,  in  far  off  Eiirope,  might 
know  where  the  body  of  their  son  lay. 

On  two  separate  occasions,  Mr.  Miller  insisted  on  accompanying 
the  writer  on  long  trips  without  explaining  his  reasons  for  doing  so, 
but  the  writer  learned  months  afterwards  that  he  had  heard  of  threats 
against  him  for  fancied  errors  in  company  policy. 

From  October,  1914,  until  December,  1916,  Mr.  Miller  was  engaged 
in  general  consultation  practice  at  his  home  in  Paducah,  Ky.     In  this 
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capacity,  he  designed  additional  sewers  for  Paducah,  reported  on  drain- 
ape  projects  in  Kentucky,  a  hydro-electric  plant  in  Mississippi,  and 
rates  for  a  public  utility  corporation.  He  also  became  well  known 
throughout  his  adopted  State  by  his  earnest  efforts,  through  the  press 
and  various  organizations,  to  improve  the  status  of  the  engineer,  to 
eliminate  engineering  work  from  politics,  and  to  further  the  general 
interest  in  good  roads.  He  had  built  up  a  good  practice,  his  work 
being  contiiuu'd  during  his  last  absence  in   Santo  Domingo. 

On  December  9th,  191 G,  Mr.  Miller  sailed  from  New  York  for  Cen- 
tral Romana,  a  sugar  estate  of  the  South  Porto  Rico  Sugar  Company, 
to  ''study  a  couple  of  rivers  for  hydro-electric  and  irrigation  develop- 
ment", and  lived  in  camp  to  push  the  work.  This  apparently  was 
progressing  nicely  until  the  fateful  Sunday  morning  of  May  13th,  1917, 
when  his  camp  was  attacked  shortly  after  daylight  by  a  bandit  with 
more  than  100  men.  The  little  party  was  quickly  overpowered  and  led 
to  their  death,  which  took  place  about  an  hour  afterward.  One  Spanish 
helper  and  a  British  negro  were  tied  near  Mr.  Miller  and  Mr.  Hawkins, 
but  only  the  latter  were  executed.  Mr.  Miller  explained  to  the  bandit 
the  nature  of  his  work  and  its  non-military  character,  but  was  told 
that  ''their  fault  was  being  Americans."  His  only  plea,  that  he  be 
allowed  to  write  to  his  wife,  was  denied  him.  Mr.  Miller's  religious 
convictions  wore  known  only  to  those  who  knew  him  intimately, 
and  it  was  his  marvellous  faith  that  the  Divine  Will  would  be  done, 
and  his  maxim  that  "one  must  meet  his  portion  without  flinching", 
which  undoubtedly  formed  the  basis  for  his  most  extraordinary  courage 
in  facing  death. 

To  those  who  stay  behind,  the  loss  is  always  keen  and  enduring, 
but  the  loss  of  Mr,  Miller  is  felt  with  unusual  regret.  His  rapid  prog- 
ress is  proof  to  all  of  his  professional  value,  and  the  younger  engineers 
already  counted  him  as  a  leader.  His  State  will  feel  the  loss  of  an 
able,  analytical  citizen,  whose  spirit  was  of  the  metal  that  tempers 
entire  communities.  The  writer  was  associated  with  Mr.  Miller  on 
various  works,  and  knows  how  much  his  friends  will  miss  his  counsel, 
and  how  much  all  those  who  knew  him  will  miss  the  fine  innate  sense 
of  justice,  coupled  with  a  knowledge  of  human  weaknesses,  which  made 
his  quietly  expressed  opinions  grow  on  one  like  the  conception  of  a 
fundamental  law. 

Mr.  ^Miller  was  married  to  Miss  Ann  Bradshaw,  of  Paducah,  Ky., 
on  March  10th,  1911.  Their  first  daughter,  Miss  Vauban  Miller,  died 
and  was  buried  at  sea,  but  their  second  daughter,  Stanley  Ann  Miller, 
who  was  born  just  six  weeks  before  her  father  went  to  Santo  Domingo, 
together  with  her  mother,  survives  him.  He  is  also  survived  by  his 
father  and  mother,  Mr.  and  Mrs.  W.  R.  Miller,  his  brother,  Mr.  W.  R. 
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Miller,    Jr.,    and    his    sister,    Mrs.   W.   Molton   Evans,   all   of   Baton 
Rouge,  La. 

Mr.  Miller  was  a  member  of  New  England  Water  AVorks  Associa- 
tion, and  the  Boston  Society  of  Civil  Engineers.  He  was  elected  a 
Junior  of  the  American  Society  of  Civil  Engineers  on  February  4th, 
1902,  an  Associate  Member  on  April  6th,  1909,  and  a  Member  on  June 
24th,  1916. 


DAYID  SIMSON,  M.  Am.  Soc.  C.  E. 


Died  December  16th,  1916. 

David  Simson  was  born  at  Bedrule  House,  Roxburghshire,  Scotland, 
on  November  9th,  1861.  He  was  educated  at  St.  Andrew's  and  Edin- 
burgh University,  and  from  September,  1877,  to  June,  1879,  served  as 
Apprentice  Mechanical  Engineer  in  the  shops  of  Messrs.  Douglas  and 
Grant,  at  Kirkcaldy,  Scotland,  where  he  was  engaged  on  the  construc- 
tion of  large  stationary  engines,  boilers,  sugar  and  paper  machinery, 
etc.  From  February,  1880,  to  January,  1882,  he  also  worked  as  an 
Apprentice  to  Messrs.  Carfrae  and  Belfrage,  Land  Surveyors,  of  Edin- 
burgh, Scotland,  and  was  engaged  in  surveying,  the  construction  of 
roads,  sewers,  etc. 

Having  served  his  apprenticeship,  Mr.  Simson  was  employed,  from 
January,  1882,  to  July,  1884,  by  Messrs.  J.  Waddell  and  Son,  Railway 
Contractors,  of  Edinburgh,  as  Contractor's  Engineer  in  charge  of  the 
construction  of  the  eastern  half  of  the  Edinburgh  Suburban  Railway. 
This  work  involved  the  deviation  of  streets,  sewers,  etc.,  and  the  cross- 
ing of  the  new  railway  over  and  under  existing  railways  and  canals. 

From  August  to  November,  1884,  Mr.  Simson  traveled  over  the 
greater. part  of  the  United  States  and  Canada,  in  order  to  study  Amer- 
ican methods  of  railroad  construction.  On  his  return  to  his  home,  he 
was  engaged,  from  Janviary  to  June,  1885,  by  the  creditors  of  Messrs. 
L.  and  K.  Macdonald,  Contractors,  to  finish  the  construction  of  the 
Killin  Railway,  in  Perthshire,  Scotland.  One  of  the  most  important 
parts  of  this  work  was  the  construction  of  a  viaduct  over  the  River 
Dochart.  This  viaduct  consisted  of  five  skew  spans  of  about  50  ft. 
each,  the  arches  being  of  concrete.  This  is  the  first  instance  in  which 
concrete  was  used  for  arches  of  this  magnitude  in  railway  construction 
in  Great  Britain. 

In  June,  1885,  Mr.  Simson  entered  the  employ  of  John  Strain, 
Civil  .Engineer,   and  was  engaged  in   making   surveys   and  preparing 

*  Memoir  prepared  by  the  Secretary  from  information  on  file  at  the  House  of  the 
Society. 
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lira  wing's  for  tlio  various  railway  const  ruction  projects  on  wliicli  the 
tirni  was  workin<r.  He  also  assisted  Mr.  Strain  in  giving  evidence 
before  Parliamentary  Commissions  in  London,  and  in  1887-88,  served 
as  Kesidont  Engineer  on  the  construction  of  the  Kilbirnie  Branch  of 
the  Lanarkshire  and  Ayrshire  IJailway,  for  which  he  had  previously 
made  the  surveys  and  drawings. 

In  September,  1888,  Mr.  Simson  resigned  his  position  with  Mr. 
Strain,  and  went  to  South  America  where  he  was  appointed  Chief 
Assistant  Resident  Engineer  on  the  Mountain  Division  of  the  Buenos 
Aires  and  Valparaiso  Transandine  Railway  from  Mondoza.  This 
Division  covered  100  miles  of  extremely  difficult  mountain  railway 
construction,  especially  in  connection  with  the  gorge  of  the  Mendoza 
River  in  which  the  roadbed  had  to  be  blasted  from  the  sides  of  the 
precipice.  Mr.  Simson  remained  in  this  position  until  November, 
1891,  at  which  time  the  line  was  constructed  and  open  as  far  as  Rio 
Blanco,  and  work  on  the  Summit  Tunnel  had  been  commenced. 

He  then  returned  to  Scotland,  but,  in  October,  1892,  he  was 
appointed  Chief  Engineer  of  the  Western  Railway  of  Havana,  in 
Cuba,  which  position  he  held  until  June,  1896.  During  his  incum- 
bency, all  the  old  timber  trestles  along  the  line  of  this  road  were 
replaced  by  steel  structures,  and  the  railroad  was  extended  10  miles  to 
Pinar  del  Rio,  into  the  heart  of  the  best  tobacco  district  on  the  island. 
In  Xovember,  1S96,  Mr.  Simson  entered  the  service  of  the  Buenos 
Aires  Western  Railway  Company  as  Chief  Engineer,  with  headquar- 
I  ters  at  Buenos  Aires.  In  September,  1897,  he  was  appointed  Acting 
Manager,  and  in  September,  1898,  General  Manager  of  the  Company, 
which  position  he  held  until  December,  1906.  On  his  retirement,  the 
employes  of  the  Railway  Company  presv^nted  him  with  a  silver  model 
of  a  locomotive  in  token  of  their  affection  and  respect. 

From  January  to  March,  1907,  Mr.  Simson  was  engaged  in  Chile 
I  and  Bolivia,  in  making  a  report  on  the  affairs  of  the  Antofagasta  and 
•  Bolivia  Railway.  In  April  of  that  year,  he  retired  from  the  active 
practice  of  engineering  and  returned  to  England  to  make  his  home. 
i  Subsequently,  he  was  elected  a  member  of  the  Board  of  Directors 
I  of  the  Buenos  Aires  Western,  the  Antofagasta  and  Bolivia,  and  the 
'  Great  Western  of  Brazil  Railways,  but  he  was  obliged  to  retire  from 
!  the  latter  two,  in  1912  and  1913,  respectively,  on  account  of  pressure 
I  of  other  work.  He  had  also  been  elected,  in  November,  1907,  a  Director 
of  the  Buenos  Aires  Great. Southern  Railway  Company,  and  was  made 
I  Chairman  of  the  Board  in  September,  1910.  He  was  also  a  Director 
I  of  the  Buenos  Aires  Southern  Dock  Company  and  of  the  London  and 
(River  Plate  Bank. 

I  At  the  time  of  his  death,  which  occurred  suddenly  by  heart  failure 
I  at  his  home  at  Ickleford  Manor,  Ilitchin,  Herts,  Mr.  Simson  was 
actively  engaged  in  war  relief  work  in  his  district. 
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He  was  a  member  of  the  Institute  oi'  Civil  Engineers  of  Great 
Britain,  and  a  "Caballero"  of  the  Second  Chiss  of  the  Spanish  Order 
of  Military  Merit,  having  been  decorated  for  services  rendered  the 
Spanish  Government  in  conducting  armored  trains  and  repairing  the 
Western  Railway  of  Havana  under  fire  during  the  Cuban  Ilebelliou 
of  1896. 

He  was  widely  versed  in  South  American  affairs,  and  his  death 
will  be  deeply  felt  by  the  Anglo-Argentine  Colony  of  which  he  was  one 
of  the  best  known  and  most  valued  members.  He  is  survived  by  his 
widow  and  one  son. 

Mr.  Simson  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  January  8th,  1902. 


EDWARD  CLINTON  TEERY,  M.  Am.  Soc.  C.  E.* 


Died  April  6th,  1908. 


Eli  Terry,  of  Plymouth,  Conn.,  began  to  make  mantel  clocks  in 
1814,  and  these  soon  drove  other  styles  out  of  the  market.  A  few  of 
these  mantel  or  shelf  clocks,  with  wooden  wheels  and  bearing  the  legend 
"Warranted  if  well  used",  are  still  sometimes  found  in  Connecticut. 
His  son  Eli  continued  the  manufacture  of  clocks  at  Terryville,  Conn., 
a  village  which  he  founded  about  1825,  and  his  grandson  James  in- 
herited the  business,  later  turning  it  into  the  manufacture  of  locks  for 
trunks.  James  Terry  was  of  a  highly  mechanical  turn  of  mind;  he 
constructed  a  pipe  organ  and  a  water  motor  in  his  house,  and  also 
made  a  working  model  of  a  steam  road  vehicle  which  walked  on  four 
legs  like  a  horse. 

Edward  Clinton  Terry,  the  youngest  child  of  James  and  Elizabeth 
(Hollister)  Terry,  was  born  at  Terryville  on  December  10th,  1850. 
As  a  lad,  he  had  the  advantage  of  learning  much  from  his  father 
regarding  machinery  and  hydraulic  motors.  He  prepared  for  college 
at  the  High  School,  in  Hartford,  Conn.,  and  took  the  Civil  Engineer- 
ing course  at  the  ShefBeld  Scientific  School  of  Yale  University,  from 
which  he  was  graduated  in  1871.  As  a  student,  his  work  was  well  and 
faithfully  done,  and  among  his  classmates  he  was  regarded  as  a  clear 
thinker,  fond  of  philosophical  discussions,  and  as  an  excellent  chess 
player. 

During  1871-73,  Mr.  Terry  worked  as  a  Rodman  on  the  Easthamp- 
ton  Branch  of  the  Connecticut  River  Railroad,  and  was  also  engaged 

*  Memoir  prepared  by  Mansfield  Merriman,  M.  Am.  Soc.  C.  E. 
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on  surveys  of  the  reservoirs  for  the  water  supply  of  Hartford,  Conn. 
He  then  spent  much  time  in  the  study  of  water  meters,  and  took  out 
l)atent.s  for  both  a  rotary  and  a  piston  meter.  The  first  of  these  had  a 
wabbling  disk  which  caused  the  rotation  of  an  axis  that  acted  on  the 
recording  apparatus;  this  he  called  the  "Undine  Meter",  the  name  being 
taken  from  a  German  story  which  was  read  by  his  class  in  the  Fresh- 
man year.  In  ISSO,  he  became  connected  with  the  Hartford  Meter 
Company,  with  which  he  was  associated  until  1889,  at  first  as  General 
Manager  and  Secretary,  and,  later,  as  its  proprietor. 

In  1890,  Mr.  Terry  was  one  of  the  organizers  of  the  Farmington 
River  Power  Company,  and,  as  its  Engineer,  he  designed  and  con- 
structed a  plant  for  generating  electric  power  on  the  Farmington  River 
and  transmitting  it  a  distance  of  11  miles  to  Hartford.  This  work 
included  a  dam  500  ft.  long  and  18  ft.  high,  the  hydro-electric  power 
plant,  and  the  transmission  line.  It  delivered  at  first  800  h.p.  to  the 
Hartford  Electric  Light  Company,  and,  later,  this  was  increased  to 
1  3U0  h.p.  This  plant  is  said  to  have  been  the  first  long-distance  trans- 
mission of  power  by  electricity  in  America.  He  was  Secretary  of  the 
Company  and  ^[anager  of  its  engineering  work  for  several  years,  and 
it  was  during  this  period  that  modern  methods  were  first  used  in  gen- 
erating electric  energy  from  water  power  and  in  transmitting  it  to 
Hartford. 

About  1888,  Mr.  Terry  became  interested  in  steam  turbines  and,  in 
the  following  ten  years,  took  out  patents  for  three  of  high  speed  and 
three  of  low  speed.  In  1906,  he  organized  a  company  for  the  manu- 
facture of  low-speed  turbines,  of  which  he  was  President  until  his  death. 
Two  of  these  turbines  were  built  first  in  New  York  City  at  the  Water- 
side Stations  of  the  Edison  Company,  and  were  used  to  drive  boiler- 
feed  pumps;  in  1917  there  are  24  such  steam  turbine-driven  pumps  in 
use  at  these  Stations.  Altogether,  about  3  300  Terry  turbines  have 
been  made  and  put  into  operation  since  1906. 

Mr.  Terry  had  a  wide  reputation  as  a  man  of  mechanical  genius 
and  high  business  capacity.  Although  rather  retiring  in  manner  and 
of  a  modest  disposition,  he  was  cheerful  in  temperament.  Those  who 
became  his  friends  always  remained  such,  admiring  his  independence 
of  thought,  his  power  of  keen  analysis  of  political  and  philosophical 
problems,  and  his  sterling  character. 

I  In  college,  !Mr.  Terry  was  a  member  of  the  Book  and  Snake  Fra- 
ternity and  of  the  Sheffield  Chess  Club.  In  Connecticut,  he  was  a 
member  of  the  Hartford  Club  and  of  the  Golf  Club.  In  politics,  he 
was  always  an  independent  voter.  In  1901,  he  went  to  Europe,  but  his 
inclination  for  travel  was  never  great,  and  he  preferred  the  quiet  of 
his  home  and  the  conversation  of  his  family  and  friends.     He  died 
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on  April  6tli,  1908,  at  his  residence  in  Hartford,  Conn.,  following  a 
week's  illness  of  pneumonia. 

Luther  W.  Burt,  Esq.,  formerly  City  Engineer  of  Hartford,  writes 
as  follows : 

''Terry  always  met  an  acqviaintance  with  a  cordial  greeting  and  a 
pleasant  smile.  His  conversation  was  always  informing  and  never 
intrusive.  I  cannot  rememher  that  he  ever  spoke  a  disparaging  word 
of  any  one.  He  was  upright,  studious,  and  self-centered.  He  had, 
I  think,  few  intimates,  but  he  generously  recognized  the  services  of 
friends  and  employees." 

Henry  W.  Sargent,  Esq.,  Vice-President  of  Sargent  and  Company, 
of  New  Haven,  Conn.,  writes: 

"Graduating  as  a  Civil  Engineer,  Terry's  inherited  mechanical 
instincts  led  his  imaginative  and  reflective  mind  into  mechanical  and 
electrical  fields,  which  he  enjoyed  and  enriched.  With  this  taste  and 
with  capacity  for  practical  invention,  he  possessed  executive  qualities, 
in  a  nice  command  of  others,  with  patience  to  lead  his  associates  to 
reason  and  work  with  him  in  the  direction  of  his  choice.  Such  power, 
strengthened  by  personal  morality  and  a  high  ethical  sense,  makes 
for  a  leader  of  men. 

"Terry's  nervous  energy  too  early  wore  out  a  not  too  strong 
physique,  and  he  was  called  to  his  fathers  at  a  time  when  his  exertions 
had  just  placed  his  manufacturing  company  on  the  firm  foundation 
of  developing  and  supplying  what  was  wanted  in  a  field  of  prime 
movers  all  its  own." 

James  Shepard,  Esq.,  of  ~Ne\v  Britain,  Conn.,  who  was  Attorney 
for  Mr.  Terry  in  taking  out  his  patents  for  water  meters  and  steam 
turbines,  writes  as  follows: 

"My  acquaintance  with  'Clinton  Terry'  (as  he  was  generally 
called),  began  about  1878,  when  he  became  my  client.  He  was  one 
of  the  most  interesting  clients  I  ever  had,  and  it  Avas  always  a  pleasure 
to  meet  him.  He  generally  had  some  useful  information  to  impart, 
oftentimes  upon  matters  other  than  the  main  subject  of  our  interviews. 
He  was  cheerful,  energetic,  diligent,  persistent,  and  generally  success- 
ful in  all  his  undertakings.  He  was  free  to  express  his  opinion  as 
to  what  he  wanted,  but  he  always  did  so  in  a  courteous  and  pleasant 
manner.  He  was  a  man  of  good  habits,  strictly  honest,  and  prompt 
in  all  business  matters.  His  inventions  were  always  fully  worked 
out,  even  as  to  details,  and  reduced  to  working  drawings,  before  making 
applications  for  patents.  He  was  liked  by  all  with  whom  he  came  into 
contact,  and  his  influence  upon  others  was  of  an  elevating  character. 

"His  persistency  enabled  him  to  overcome  obstacles  that  would 
have  discouraged  other  men.  As  an  illustration  of  this,  he  came  into 
possession  of  the  first  clock  model  made  by  his  great-grandfather, 
Eli  Terry,  after  a  lengthy  controversy  and  the  payment  of  $1  000  for 
the  clock." 
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.Mr.  Terry  was  niarriod  on  February  28tli,  1S72,  to  Miss  Louise 
Elk'ii  Wchstor,  of  Torryvillo,  Conn.,  who  survives  liini.  They  had  two 
children :  Charles  Webster  Terry,  who  died  in  1886 ;  and  James  Terry, 
who  was  {graduated  from  the  Sheffield  Scientific  School  in  1895,  suc- 
ceeded his  father  as  President  of  the  Terry  Steam  Turbine  Company, 
and  died  in  1017. 

Ivlwanl  Clinton  Terry  was  elected  a  Member  of  the  American 
Society  of  Civil  Engineers  on  Febr\uiry  Gth,  1895. 


EDWARD  THOMAS  WRIGHT,  M.  Am.  Soc.  C.  E.* 


Died  March  29th,  1917. 


Edward  Thomas  Wright  was  born  at  Elgin,  111.,  on  June  30th, 
1851.  His  parents  were  Paul  R.  Wright  and  Emily  Grace  (Harvey) 
Wright.  He  attended  the  public  school  at  Geneva,  and,  later,  at  Cobden, 
111.,  where  the  family  moved  when  he  was  about  nine  years  of  age. 
After  graduating  from  the  public  schools,  he  had  a  private  tutor  for 
a  year  and  then  attended  the  Elgin  Academy. 

After  leaving  the  Academy,  Mr.  Wright  took  up  the  study  of 
engineering,  and,  in  1872,  entered  the  office  of  Messrs.  Cleveland  and 
French,  prominent  engineers  of  Chicago,  111.,  and  was  employed  by 
them  on  work  at  Indianapolis,  St.  Paul,  and  Chicago,  including  the 
South  Chicago  Drainage,  for  the  development  of  an  industrial  district. 

Mr.  Wright  moved  to  Los  Angeles,  Cal.,  in  the  latter  part  of  1874 
and  established  himself  as  a  Civil  Engineer  and  Surveyor,  maintaining 
his  office  up  to  the  time  of  his  death,  on  March  29th,  1917.  Fie  had 
served  three  terms  as  County  Surveyor,  and  was  a  hydraulic  engineer 
of  ability,  having  done  much  effective  work  in  developing  underground 
waters  and  constructing  irrigation  systems. 

In  1873  Mr  Wright  was  married  to  Lucy  Nicholson,  who  died  in 
1899.  He  leaves  two  sons,  George  A.  and  Charles  N.,  who  follow  his 
;  profession,  and  a  widow,  Mrs.  Capitola  B.  (Wenzel)  Wright,  whom 
he  married  in  March,  1912. 

He  was  a  man  highly  respected  for  his  sterling  worth  and  honesty; 
•    er  ready  to  help  others,  and  loved  by  many  friends. 

Mr.  Wright  was  elected  a  Member  of  the  American  Society  of  Civil 
.  Engineers  on  February  3d,  1886. 

•  Memoir  prepared  by  W.  D.  Larrabee,  M.  Am.  Soc.  C.  E. 
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WILLIAM  HERBERT  HYDE,  Assoc.  M.  Am.  Soc.  €.  E* 


Died  April  15th,  1917. 


William  Herbert  Hyde,  the  son  of  Peter  Lowe  and  Anne  Elizabeth 
(Copcutt)  Hyde,  and  the  grandson  of  the  late  John  Copcutt,  of 
Yonkers,  N.  Y.,  was  born  at  the  latter  place  on  December  15th,  1874. 
He  was  of  English  descent,  one  great-grandfather  having  been  an 
officer  (Captain)  in  the  Eevolution  and  another  in  the  War  of  1812. 
Both  his  grandfather  and  his  father  were  engaged  in  the  mahogany 
and  hardwood  export  and  import  business  in  New  York  City. 

Mr.  Hyde  received  his  education  at  the  public  and  grammar  schools, 
and  the  Yonkers  High  School,  and,  in  1895,  entered  the  employ  of  the 
New  York  Central  and  Hudson  River  Railroad  as  Chainman  in  the 
Chief  Engineer's  Department,  advancing  to  Assistant  Engineer  of  the 
Maintenance  of  Way  Department  in  1898.  From  that  time  until  1901 
he  served  on  location  and  construction  with  the  Erie  Transit  Com- 
pany and  the  Panama  Railroad;  on  topographical  work  and  estimates 
for  the  Barge  Canal,  New  York  State;  and  as  Assistant  Engineer 
in  the  Atlantic  City,  N.  J.,  Water  Department. 

During  1901  Mr.  Hyde  was  engaged  in  surveying  and  contracting 
work,  being  associated  with  Pittsburgh  interests.  In  April,  1902,  he 
entered  the  contracting  field,  forming  a  partnership  with  his  father- 
in-law,  Mr.  W.  F.  Patterson,  of  Pittsburgh,  Pa.,  and  specialized  in 
shaft  and  underground  improvement  work. 

During  the  last  ten  years,  he  had  conducted  his  business  alone, 
his  operations  including  coal  shafts  in  Pennsylvania,  West  Vir- 
ginia, Nova  Scotia,  and  Alberta,  Canada.  He  built  many  fine  concrete- 
lined  pumping  stations  underground  and  successfully  completed  con- 
tracts for  such  firms  as  the  New  River  Company,  The  Berwind- White 
Company,  The  Ragland  Coal  Company,  and  others  of  equal  standing. 
He  often  contributed  articles  of  merit  to  leading  engineering  and 
mining  journals,  and  has  been  freely  quoted  as  an  authority  in  works 
on  coal  mine  engineering. 

Mr.  Hyde  died  at  Scarboro,  W.  Va.,  on  Sunday,  April  15th,  1917, 
from  a  bullet  wound  received  while  attempting  to  place  an  unruly 
workman  under  arrest. 

He  was  married  on  February  15th,  1903,  to  Miss  C.  Virginia, 
daughter  of  Walter  F.  Patterson,  of  Pittsburgh,  Pa.,  who,  with  four 
young  children,  survives  him. 

Mr.  Hyde  was  a  member  of  the  Sons  of  the  Revolution.     He  was! 
elected    a    Junior    of    the    American    Society    of    Civil    Engineers   on 
April  30th,  1901,  and  an  Associate  Member  on  June  4th,  1902. 

*  Memoir  prepared  by  S.  M.  Van  Loan,  M.  Am.  Soc.    C.  E. 


.Memoirs. 1  MIIMOIK    OK    SAMUEL    FORSYTH  !•:    'ri[()>rSOX  1417 

SAMIEL  FORSYTHE  THOMSON,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  January  SOth,  1917. 


Saimicl  Forsythe  Tlionison  was  born  in  Charleston,  S.  C,  on  June 
5th,  1S72.  His  parents  were  Samuel  and  Elizabeth  Craig  Forsythe 
Thomson,  natives  of  County  Antrim,  near  Belfast,  Ireland,  who  came 
to  Charleston  at  an  early  age,  were  married  and  made  their  home 
there.  His  father  was. a  ]irominent  merchant  in  Charleston  for  many 
jears.  and  was  well  and  favorably  known  throughout  that  section  of 
the  South,  being  prominently  identified  with  many  of  the  activities  of 
Ills  connnunity. 

!Mr.  Thomson  first  attended  a  public  school  in  Charleston,  and, 
lifter  finishing  the  course  there,  entered  the  Charleston  High  School, 
from  which  he  was  graduated  with  honor  in  June,  1889.  A  life-long 
friend  of  the  family  testifies  to  the  fact  that  he  was  a  favorite  alike 
with  teachers  and  pupils.  He  then  attended  a  school  at  Boylston  and 
Tremont  Streets,  Boston,  Mass.,  where  he  was  prepared  for  a  higher 
education.  Mr.  Thomson  entered  the  Massachusetts  Institute  of 
Technology  in  September,  1890,  and  specialized  in  civil  engineering. 
During  the  summer  vacations  of  1891  and  1892  he  was  engaged  on 
engineering  work  with  the  firms  of  Aspinwall  and  Lincoln  and  E.  A. 
W.  Hammatt,  Civil  Engineers,  of  Boston,  Mass.,  and  during  the 
summer  of  1893  attended  the  summer  school  of  the  Institute  of  Tech- 
nology at  Keeseville,  N.  Y.  In  the  summer  of  1894  he  was  employed 
with  John  W.  Arnold,  United  States  Marshal,  of  Chicago,  111.,  and 
later  for  a  short  period  was  with  the  late  Col.  George  E.  Waring,  Jr., 
in  the  Department  of  Street  Cleaning,  New  York  City. 

During  1895-9G  Mr.  Thomson  took  an  additional  course  at  the 
Institute  of  Technology  in  railroad  engineering.  He  was  graduated 
from  the  Institute  in  June,  1896,  with  the  degree  of  Bachelor  of 
Science  in  Civil  Engineering. 

After  graduation  he  re-entered  the  service  of  the  Department  of 
Street   Cleaning   of   New   York   City   under    the    Commissioner,    Col. 
George  E.  Waring,  Jr.,   and  until   May,   1898,  was  a  member  of  his 
personal    staff.      During    his    administration    as    Commissioner.    Col. 
,  Waring  gained  an  international  reputation  by  reorganizing  the  De- 
partment, introducing  many  reforms,   and  placing  it  on  an  efficient 
and  business-like  basis.    Mr.  Thomson  acted  as  Chief  Assistant  to  the 
ifaster  ^Mechanic,  and  had  charge  under  his  supervision  of  the  design 
.  and  erection  of  two  steel  storage  dum])s,  also  the  general  design  and 
',  repairs  to  city  property,   such   as  stables,   dumps,   and  scows,   and  of 
snow  removal  above  59th  Street,  ^lanhattan.     He  also  supervised  the 
introduction  of  the  system   of   separatio)i   of   city   refuse  throughout 

•  Memoir,  prepared   by    Robert   Ridgway    and    George    A.    Taber,    Members,    Am. 
Soc.  C.  E. 
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the  entire  city,  and  of  the  construction  and  operation  of  the  first  cre- 
matory used  for  the  economical  utilization  of  city  wastes  for  the  de- 
velopment of  power. 

From  May,  1898,  to  April,  1903,  Mr.  Thomson  was  the  Assistant 
to  the  Professor  of  Civil  and  Military  Engineering  at  the  United  States 
Military  Academy,  West  Point,  N.  Y.,  and  then  entered  the  service 
of  tlie  Commission  on  Additional  Water  Supply  for  the  City  of  New 
York,  this  commission  having  heen  appointed  to  investigate  all 
available  sources  for  an  additional  water  supj^>ly  for  the  city.  Mr. 
Thomson  was  in  charge  of  the  New  York  ofiice  of  the  Long  Island 
Department,  under  Walter  E.  Spear,  M.  Am.  Soc.  C.  E.,  which  Depart- 
ment was  engaged  in  the  investigation  of  the  available  underground 
supply  on  Long  Island. 

On  July  23d,  1903,  he  was  appointed  an  Assistant  Engineer  in  the 
Engineering  Department  of  the  Rapid  Transit  Railroad  Commission, 
of  New  York  City,  and  was  assigned  to  the  Fifth  Division  under 
Robert  Ridgway,  M.  Am.  Soc.  C.  E.,  Division  Engineer,  on  the  con- 
struction of  the  rapid  transit  tunnels  under  the  East  River  from 
South  Ferry,  Manhattan,  to  Joralemon  vStreet,  Brooklyn,  which  tunnels 
are  now  in  operation.  He  had  much  to  do  with  the  triangulation  and 
other  survey  work  in  connection  with  the  alignment  of  the  tunnels, 
and  for  a  time  was  in  charge  of  the  general  office  management  of  the 
Division.  He  resigned  on  March  5th,  1906,  to  accept  an  appointment 
as  Assistant  Engineer  in  the  service  of  the  Board  of  Water  Supply  of 
the  City  of  New  York,  of  which  J.  Waldo  Smith,  M.  Am.  Soc.  C.  E.. 
was  Chief  Engineer,  and  was  assigned  to  the  Wallkill  Division  of  the 
Northern  Aqueduct  Department  by  the  Department  Engineer,  Robert 
Ridgway.  The  Wallkill  Division,  with  headquarters  at  New  Paltz, 
included  about  12  miles  of  Catskill  Aqueduct  construction,  which 
aqueduct  was  designed  for  a  daily  capacity  of  500  000  000  gal.  The 
most  notable  feature  of  construction  was  the  deep  rock  pressure  tunnel, 
4.4  miles  long,  under  the  Wallkill  Valley,  this  tunnel  being  located 
at  a  maximum  depth  of  about  520  ft.  below  the  hydraulic  gradient. 
Other  features  of  construction  were  the  south  half  of  the  Bonticou 
grade  tunnel  through  the  Shawangunk  Mountains,  about  6|  miles  of 
cut-and-cover  aqueduct  on  the  slope  of  these  mountains  and  on  the 
east  side  of  the  Wallkill  Valley,  and  the  blow-olf  chamber  and  conduit 
leading  from  the  aqueduct  to  the  Wallkill  River.  The  cost  of  con- 
struction of  the  work  on  the  Division  was  approximately  $5  500  000. 
For  a  time  Mr.  Thomson  was  in  charge  of  the  organization  of  the 
division  office,  and  was  instrumental  in  establishing  methods  and  a 
routine  which  proved  to  be  most  efficient  in  carrying  out  the  work. 
Following  the  transfer  to  other  work  of  James  F.  Sanborn,  Assoc. 
M.  Am.  Soc.  C.  E.,  Division  Engineer,  Mr.  Thomson,  on  February 
1st,  1912,  was  made  Acting  Division  Engineer  in  his  place,  and  so 
remained  until  the  practical  completion  of  the  work. 
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Of  his  rocord  on  the  Wallkill  Division,  Ralph  N.  Wheeler,  Assoc. 
jM.  Am.  Soc.  C.  E.,  now  in  eharji-e  of  the  Noi'thorn  Aqueduct  Depart- 
ment, writes: 

"His  work  as  an  organizer  of  a  working  force  and  of  systems  of 
routine,  records,  filing,  etc.,  was  unusual.  In  no  other  division  of  this 
department  were  records  kept  so  faithfully  and  well,  supplies,  equip- 
nient,  etc.,  so  completely  accounted  for,  and  large  and  small  matters 
relating  to  the  work  so  completely  recorded.  I  shall  always  believe 
that  this  was  due  very  largely  to  Mr.  Thomson's  faithful  oversight. 
His  loyalty  to  his  superiors,  consideration  for  his  subordinates  and  in 
fact  his  every-day  devotion  to  his  work,  even  in  the  small  and  often 
disagreeable  details,  are  the  characteristics  for  which  we  shall  always 
remember  him." 

Ou  June  15th,  1914,  he  left  the  service  of  the  Board  of  Water 
Supply  and  accepted  employment  with  the  Kingsbridge  Contracting 
Company,  of  New  York  City,  as  Civil  Engineer.  He  was  identified 
with  the  operations  of  that  company,  particularly  in  the  construction 
of  the  large  outlet  sewer  which  was  built  in  connection  with  the 
Seventh  Avenue  Rapid  Transit  Subway,  from  that  avenue  to  the 
Hudson  River,  the  cost  of  this  sewer  being  about  $500  000.  He  was 
also  connected  with  the  construction  of  the  large  trunk  sewer  in  East 
41st  Street,  as  well  as  with  other  projects  carried  out  by  that  company. 

On  his  return  home  from  the  excursion  during  the  Annual  Meeting 
of  the  American  Society  of  Civil  Engineers,  on  January  18th,  1917, 
]\[r.  Thomson  was  stricken  with  the  illness  which  resulted  in  his  death 
twelve  days  later. 

A  friend,  of  many  years  standing,  who  knew  the  personal  as  w^ell 
as  the  business  side  of  his  character,  writes : 

^*To  those  who  knew  him  intimately  many  of  his  finer  qualities 
were  alone  revealed.  His  friendship  possessed  those  priceless  and  rare 
characteristics  which  endeared  him  to  all  who  were  privileged  to  be 
counted  among  his  friends.  Its  endurance  was  unquestiojiable,  and  at 
all  times  his  active  and  unqualified  support  to  a  friend  could  always 
be  depended  upon.  His  sense  of  honesty  was  also  of  the  highest 
quality.  In  all  his  dealings  the  moral  obligation  in  a  business  trans- 
action was  as  important  and  binding  to  him  as  any  of  the  legal  pro- 
visions, and  this  quality  characterized  all  of  his  acts  through  life.  He 
was  in  all  respects  an  ideal  friend,  in  the  finer  sense  of  the  word,  and 
none  could  desire  or  have  a  better." 

Another  associate  of  his  in  his  later  work  says: 

"I  consider  him  one  of  the  finest  characters  I  have  ever  met.  In 
the  three  years  of  our  acquaintance  and  friendship  we  were  together 
considerably  during  business  hours  and  out  of  them.  At  all  times 
and  under  all  conditions,  many  of  which  were  often  trying,  his  pleasant 
smile  and  cheery  way  never  left  him.  He  was  very  careful  not  to  hurt 
any  one's  feelings,  and  never  spoke  disparagingly  or  unkindly  of  any 


1480  MEMOIR   OF   LEWIS   ROBERTS   POMEROY  [Memoirs. 

person ;  he  generally  had  some  explanation  or  excuse  for  the  failings  of 
the  one  who  might  be  under  discussion  and  who  had  not  measured  up 
to  the  full  stature  of  a  man." 

Loyalty  to  his  principles  and  to  his  friends,  honesty,  humanity,  and 
steadfastness  of  purpose  were  prominent  among  the  underlying  quali- 
ties of  his  nature,  and  the  character  built  on  such  a  foundation  was 
one  which  his  friends  will  long  remember  with  aifeetion  and  pride. 

Mr.  Thomson  was  married  on  September  29th,  1898,  to  Miss  Jennie 
A.  Milton  of  Danvers,  Mass.,  who  with  one  daughter,  Elizabeth,  sur- 
vives him.  He  was  a  member  of  the  New  England  Water  Works  Asso- 
ciation, the  Municipal  Engineers  of  the  City  of  New  York,  and  the 
Brooklyn  Engineers  Club.  He  was  much  interested  in  the  work  of 
the  Fourth  Unitarian  Church,  of  Brooklyn,  N.  Y.,  of  which  he  was  a 
member. 

Mr.  Thomson  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  January  3d,  1906. 


LEWIS  ROBERTS  POMEROY,  Assoc.  Am.  Soc.  C.  E.* 


Died  May  7th,  1917. 


Lewis  Roberts  Pomeroy  was  born  at  Port  Byron,  N.  Y.,  on  February 
5th,  1857,  but  his  early  life  was  spent  in  Milwaukee,  Wis.,  where  his 
father  was  in  business.  In  his  fifteenth  year  he  came  East,  and 
attended  school  at  the  Irving  Institute  in  Tarrytown,  N.  Y.,  for  one 
year.  His  subsequent  education  was  obtained  entirely  by  his  own 
efforts,  for,  from  this  time,  he  supported  himself  by  filling  various 
clerical  positions  until,  in  1880,  he  became  Secretary  and  Treasurer 
of  the  Suburban  Rapid  Transit  Company,  which  position  he  filled 
until  1886. 

From  1886  to  1895  Mr.  Pomeroy  was  with  the  Carnegie  Steel 
Company,  during  which  time  he  introduced  basic  boiler  steel  for 
locomotives  and  special  forgings.  He  was  a  painstaking  student  of 
locomotives  and  locomotive  details,  and  exerted  a  strong  and  eifective 
influence  in  improving  such  materials  and  in  the  detailed  design  of 
locomotives.  Subsequently,  he  was  engaged  in  the  same  kind  of 
work  jointly  for  the  Cambria  Steel  Company  and  the  Latrobe  Steel 
Company.  From  1899  to  1902,  he  was  Assistant  General  Manager  of 
the  Schenectady  Locomotive  Works,  and  from  1902  to  1908,  he  was 
representative  in  the  railway  field  for  the  General  Electric  Company. 

Engineers  owe  Mr.  Pomeroy  a  debt  of  gratitude  for  his  studies  in 
the  electrification  of  steam  railroads,  for  his  knowledge  and  experience 

*  Memoir  prepared  by  George  M.  Basford,  Esq.,  New  York  City. 
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enabled  him  to  reveal  many  important  phases  of  this  problem.  His 
earlier  work  in  connection  with  electric  power  in  railroad  and  manu- 
facturing shops  was  of  great  importance  in  methods  of  modernization, 
and  he  was  undoubtedly  among  the  highest  authorities  on  railroad 
shop  layouts  and  equipment. 

Mr.  Pomeroy's  next  appointment  was  as  Assistant  to  the  President 
of  the  Safety  Car  Heating  and  Lighting  Company,  and,  subsequently, 
he  was  appointed  Chief  Engineer  of  the  Railway  and  Industrial 
Divisions  of  J.  G.  White  and  Company.  In  June,  1914,  he  was 
appointed  Manager  of  the  New  York  Sales  Office  of  the  United  States 
Light  and  Heating  Company,  but  later  opened  an  office  as  Consulting 
Engineer  in  New  York  City. 

Mr.  Pomeroy  had  been  in  the  railway  and  railway  supply  business 
for  more  than  thirty-five  years,  and  many  officials  and  engineers, 
especially  those  connected  with  railroads  and  railroad  developments, 
will  sadly  miss  his  friendly  helpfulness.  His  own  wide  engineering 
knowledge  came  through  painstaking  study,  experience,  and  contact. 
His  kindly  nature  was  attracted  to  young  men  who  were  struggling 
to  succeed;  his  natural  desire  was  to  encourage  and  aid  them,  and  to 
lead  them  to  improve  and  to  take  important  places  in  the  world's  work. 
Would  that  we  had  more  men  inspired  as  he  was  with  the  desire 
to  help  others!  It  became  an  important  part  of  Mr.  Pomeroy's  life- 
work  to  discover  young  engineers  of  ability  and  to  bring  them  to  the 
front,  and  this  will  be  to  him  an  enduring  monument. 

His  death,  which  was  very  sudden,  occurred  at  his  home  in  East 
Orange,  N.  J.,  on  May  7th,  1917.  He  is  survived  by  his  wife  and  two 
children. 

Mr.  Pomeroy  was  elected  an  Associate  of  the  American  Society 
of  Civil  Engineers  on  April  2d,  1890. 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


September  5th,  1917. — The  meeting  was  called  to  order  at  8.30 
P.  M.;  President  Pegram  in  the  chair;  Chas.  Warren  Hunt,  Secretary; 
and  present,  also,  78  members  and  5  guests. 

The  minutes  of  the  meetings  of  May  16th  and  June  6th,  1917,  were 
approved  as  printed  in  Proceedings  for  August,  1917. 

A  paper  by  Floyd  A.  Nagler,  Jun.  Am.  Soc.  C.  E.,  entitled  "Ob- 
struction of  Bridge  Piers  to  the  Flow  of  Water",  was  presented  by  the 
author  and  illustrated  with  lantern  slides.  The  Secretary  read  com- 
munications on  the  subject  from  Messrs.  Mansfield  Merriman,  E.  W. 
Lane,  A.  J.  Wiley,  and  R.  D.  Goodrich,  and  the  paper  was  discussed 
orally  by  Messrs.  F.  H.  Frankland  and  C.  E.  Fowler. 

The  Secretary  read  a  letter  from  the  representatives  of  the  widow 
of  the  late  Stanley  A.  Miller,  M.  Am.  Soc.  C.  E.,  who  was  murdered 
by  bandits   in   Santo  Domingo,   on   May   13th,   1917.     This  letter  re- 
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quested  the  Society  to  pass  resolutions  urging  upon  the  State  Depart- 
ment prompt  and  vigorous  prosecution  of  a  claim  by  Mrs.  Miller  and 
her  infant  daughter  against  the  Republic  of  Santo  Domingo  for  a 
money  indenniity.  There  was  enclosed  with  this  letter  a  copy  of  the 
petition  which  has  been  filed  with  the  State  Department  of  the  United 
States  requesting  interposition  with  the  Republic  of  Santo  Domingo 
in  order  that  Mrs.  Miller  may  be  compensated  for  the  death  of  her 
husband,  and  reciting  a  complete  history  of  the  case. 

On  motion,  duly  seconded,  the  President  was  authorized  to  appoint 
a  suitable  committee  to  draft  a  communication  to  the  State  Depart- 
ment of  the  United  States  in  the  form  of  resolutions,  setting  forth 
the  sense  of  the  meeting  and  memorializing  the  State  Department  and 
recommending  the  action  sought  by  Mrs.  Miller. 

The  Secretary  announced  the  following  deaths: 

William  Harry  Arnold,  of  New  York  City,  elected  Member,  May 
1st,  1907 ;  died  August  13th,  1917. 

Charles  Lee  Crandall,  of  Ithaca,  N.  Y.,  elected  Junior,  June 
7th,  1876;  Member,  October  5th,  1892;  died  August  25th,  1917. 

Frank  Firmstone,  of  Easton,  Pa.,  elected  Member,  August  7th, 
1878 ;  died  June  27th,  1917. 

James  Edgar  Jenkins,  of  New  York  City,  elected  Associate  Mem- 
ber, December  5th,  1906;  Member,  March  14th,  1916;  died  July 
5th,  1917. 

David  Wendel  Spence,  of  College  Station,  Tex.,  elected  Member, 
October  1st,  1913;  died  June  29th,  1917. 

Joel  Manning  Howard,  of  Ogdensburg,  N.  Y.,  elected  Associate 
Member,  June  4th,  1913 ;  died  May  22d,  1917. 

Charles  Marvin  Everest,  of  Rochester,  N.  Y.,  elected  Fellow, 
November  1st,  1892 ;  died  July  22d,  1917. 

Adjourned. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 
Christmas  Day.   * 

FUTURE  MEETINGS 

October  3d,  1917.— 8.30  P.  M. —  This  will  be  a  regular  business 
meeting.  A  paper  by  William  Barclay  Parsons,  M.  Am.  Soc.  C.  E., 
entitled  "The  Cape  Cod  Canal",  will  be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  August,  1917. 

October  17th,  191 7.— 8.30  P.  M.— At  this  meeting  two  papers  will 
be  presented  for  discussion,  as  follows:  "Detention  Reservoirs  with 
Spillway  Outlets  as  an  Agency  in  Flood  Control",  by  H.  M.  Chitten- 
den, M.  Am.  Soc.  C.  E.;  and  ^'Hydraulic  Phenomena  and  the  Effect 
of  Spreading  Flood  Water  in  the  San  Bernardino  Basin,  Southern 
California",  by  A.  L.  Sonderegger,  M.  Am.  Soc.  C.  E. 

These  papers  are  printed  in  this  number  of  Proceedings. 

November  7th,  1917. — 8.30  P.  M.— A  regular  business  meeting  will 
be  held,  and  a  paper  entitled,  "The  Subsidence  of  Muck  and  Peat  Soils 
in  Southern  Louisiana  and  Florida",  by  Charles  W.  Okey,  Assoc.  M. 
Am.  Soc.  C.  E.,  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

SEARCHES    IN    THE    LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  liimself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar  with 
the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
seiircli  tlirough  periodical  literature,  is  desired. 
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It  sometimes  happens  that  references  are  found  which  are  not 
readily  accessible  to  the  person  for  whom  the  search  is  made.  In  that 
case  the  material  may  be  reproduced  by  photography,  and  this  can 
be  done  for  members  at  the  cost  of  the  work  to  thetSociety,  which  is 
small.  This  method  is  particularly  useful  when  there  are  drawings  or 
figures  in  the  text,  which  would  be  very  expensive  to  reproduce  by 
hand. 

A  list  of  989  bibliographies  made  in  the  Library,  giving  the  cost 
of  each,  was  published  in  Vol.  LXXX  of  Transactions. 

Since  October  1st,  1916,  the  Library  of  the  American  Society  of 
Civil  Engineers  has  ceased  to  exist,  as  such,  having  been  merged  with 
the  Libraries  of  the  Mining,  Mechanical,  and  Electrical  Engineers, 
and  become  a  part  of  the  Library  of  the  United  Engineering  Society. 
There  were  67  000  accessions,  which  were  not  duplicates,  turned  over 
to  that  Library. 

Hereafter,  therefore,  requests  for  searches  should  be  addressed  to 
the  Librarian,  United  Engineering  Society,  29  West  39th  Street, 
New  York  City. 

PAPERS    AND    DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  char- 
acter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and  on  these  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which,  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions  only  will  be  requested 
for  subsequent  publication  in  Proceedings  and  with  the  paper  in  the 
volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429  of  the  August, 
1913,  Proceedings. 
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LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN   SOCIETY   OF   CIVIL   ENGINEERS 

San  Francisco  Association,  Organized    1905. 

J.  D.  Galloway,  President;  E.  T.  Thurston,  Secretary-Treasurer, 
57  Post  Street,  San  Francisco,  Cal. 

.  The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Fuiiineers  holds  regular  bi-monthly  meetings,  with  banquet, 
and  weekly  informal  luncheons.  The  former  are  held  at  G  p.  m.,  at  the 
Palace  Hotel,  on  the  third  Tuesday  of  February,  April,  June,  August, 
October,  and  December,  the  last  being  the  Annual  Meeting  of  the 
Associatitm. 

Informal  luncheons  are  held  at  12.30  p.  m.,  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

(Abstract  of  Minutes  of  Meeting) 

August  21st,  1917. — The  meeting  was  called  to  order  at  the 
Palace  Hotel;  Vice-President  Brunnier  in  the  chair;  E.  T.  Thurston, 
Secretary ;  and  present,  also,  66  members  and  guests. 

Messrs.  Bush,  Judell,  and  Wolf  were  appointed  as  the  Entertain- 
ment Committee  for  the  October  meeting. 

For  the  Committee  on  the  Frickstad  Case,  Professor  Charles  D. 
Marx  reported  that  Mr.  Frickstad  had  been  entirely  vindicated  and 
reinstated  and  that  a  full  report  on  the  matter  would  probably  be 
presented  by  the  Committee  at  the  next  meeting. 

For  the  Committee  on  Civil  Service  Laws,  Mr.  J.  Newman  gave  a 
resume  of  a  lengthy  report  embodying  a  comparative  analysis  of  the 
civil  service  laws  of  the  United  States,  the  State  of  California,  and  the 
Cities  of  San  Francisco,  Los  Angeles,  and  Oakland.  This  report  was 
referred  to  the  Board  of  Directors  with  authority  to  publish  it. 

For  the  Committee  on  the  Discussion  of  Papers  published  in  Pro- 
ceedings, ]\[r.  H.  D.  Dewell  read  a  report  recommending  against  sec- 
tional meetings  for  the  discussion  of  Society  papers  on  account  of  the 
small  attendance  at  such  meetings  and  the  tendency  to  detract  from 
the  attendance  and  interest  of  the  regular  meetings.  The  report  recom- 
mended that  occasional  regular  meetings  be  devoted  to  the  discussion 
of  Society  papers  to  be  selected  by  the  Board  of  Directors.  Discus- 
sion of  the  recommendations  of  this  report  will  be  in  order  at  the 
October  meeting. 

For  the  Committee  on  Building  Construction  Safety  Orders,  the 
Secretary  reported  that  the  final  meeting  of  the  General  Committee 
had  been  held,  and  that  the  Industrial  Accident  Commission  would 
shortly  issue  a  code  of  safety  rules  and  regulations  governing  building 
construction  throughout  the  State. 

The  Secretary  reported  the  receipt  of  a  communication  from  Di- 
rector J.  V.  Davies  requesting  the  assistance  of  the  Association  in 
securing  all  available  information  regarding  highways  apjilicable  for 
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military  purposes  in  District  ISTo.  13,  for  the  use  of  the  Council  of 
National  Defense. 

A  paper  by  Walter  C.  Howe,  M.  Am.  Soc.  C.  E.,  entitled  "State 
Highway  Construction  in  California  under  Commission  Supervision", 
was  presented  by  the  author,  who  illustrated  his  remarks  with  stereop- 
ticon  views. 

Adjourned. 

Colorado  Association,  Organized  1908. 

Robert  Follansbee,  President ;  L.  R.  Hinman,  Secretary-Treasurer, 
1400  West  Colfax  Avenue,  Denver,  Colo. 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  (Denver,  Colo.)  are  held  on  the 
second  Saturday  of  each  month,  except  July  and  August.  The  hour 
and  place  of  meeting  are  not  fixed,  but  this  information  will  be  fur- 
nished on  application  to  the  Secretary.  The  meetings  are  usually  pre- 
ceded by  an  informal  dinner.  Members  of  the  American  Society  of 
Civil  Engineers  will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays  at  12.30  p.  M.,  at  Daniel's 
and  Fisher's. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

Atlanta  Association,  Organized  1912. 

Paul  H.  Norcross,  President;  Thomas  P.  Branch,  Secretary-Treas- 
urer, Georgia  School  of  Technology,  Atlanta,  Ga. 

The  Association  holds  its  meetings  at  the  University  Club,  Atlanta, 
Ga.  Regular  monthly  luncheon  meetings  are  held  to  which  visiting 
members  of  the  Society  are  always  welcome. 

Baltimore  Association,  Organized  1914. 

Mason  D.  Pratt,  President;  Charles  J.  Tilden,  Secretary-Treasurer, 
The  Johns  Hopkins  University,  Baltimore,  Md. 

(Abstract  of  Minutes  of  Meeting) 

May  2d,  1917. — The  meeting  was  called  to  order  at  9  P.  M.,  at  the 

Merchants  Club;  President  Bush  in  the  chair;  C.  J.  Tilden,  Secretary; 
and  present,  also,  24  members  and  1  guest. 

The  minutes  of  the  meeting  of  March  21st,  1917,  were  read  and 
approved. 

The  Secretary-Treasurer  was  instructed  to  send  out  to  letter-ballot 
the  proposed  revision  of  the  Constitution  of  the  Association,  which 
was  submitted  to  the  meeting  of  March  21st,  1917,  and  had  received 
the  formal  approval  of  the  Board  of  Direction  of  the  Society  on  April 
17th,  1917. 

The  report  of  the  Committee  appointed  to  study  and  report  on  the 
relations  of  Local  Associations  to  the  Society  was  presented. 

On  motion,  duly  seconded,  it  was  ordered  that  the  report  be  re- 
ceived and  the  course  of  action  outlined  therein  be  followed. 

The  Secretary  presented  a  letter  from  Thomas  C.  Desmond,  Assoc. 
M.  Am.  Soc.  C.  E.,  calling  attention  to  the  opportunity  for  engineers 
in  the  engineering  regiment  to  be  attached  to  the  proposed  Roosevelt 
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Division.  On  motion,  duly  seconded,  the  matter  was  laid  on  the 
table. 

The  Secretary-Treasurer  submitted  his  report  of  receipts  and  ex- 
I)enditure  for  the  year  ending  May  1st,  1917.  He  also  reported  that 
the  Association  now  had  5S  members,  and  that  the  total  membership 
of  the  Society  in  Maryland  was  121. 

In  answer  to  a  question,  the  Secretary  stated  that  invitations  to 
join  the  Association  had  been  sent  to  the  remaining  members  of  the 
Society  in  Maryland,  and  that  a  small  number  had  accepted.  On 
motion,  duly  seconded,  the  report  was  accepted. 

The  Dinner  Committee,  Messrs.  Warren  and  Whitman  (Mr. 
Greiner  absent),  made  a  brief  report. 

The  following  officers  were  elected:  President,  Mason  D.  Pratt; 
Vice-President.  Ezra  B.  Whitman;  Secretary-Treasurer,  Charles  J. 
Tilden ;  Directors.  W.  H.  Dorsey,  A.  H.  Hartman,  W.  D.  Janney,  Jenks 
B.  Jenkins,  W.  W.  Pagon,  and  W.  F.  Strouse. 

A  vote  of  thanks  was  given  to  the  Dinner  Committee,  and  also  to 
the  Secretary-Treasurer. 

President  Pratt  took  the  chair  and  addressed  the  meeting  briefly. 

Messrs.  Pitts,  Warren,  and  Whitman  were  appointed  a  committee 
to  report  on  the  advisability  of  holding  monthly  meetings  of  the 
Association,  with  or  without  a  luncheon  or  dinner. 

On  motion,  duly  seconded,  it  was  decided  that  meetings  be  held  at 
least  once  every  two  months. 

Adjourned. 

Cleveland  Association,  Organized  1914. 

W.  J.  Watson,  President;  George  H.  Tinker,  Secretary-Treasurer, 
516  Columbia  Building,  Cleveland,  Ohio. 

(Abstract  of  Minutes  of  Meeting) 

June  30th,  1917. — The  meeting  was  called  to  order;  President 
Watson  in  the  chair;  George  H.  Tinker,  Secretary;  and  present,  also, 
18  members. 

Correspondence  was  read  from  the  St.  Louis  Association,  and  also 
from  Chas.  Warren  Hunt,  Secretary  of  the  Society,  concerning  the 
rejection  by  the  Board  of  Direction  of  the  Association's  request  for 
the  appointment  of  a  Committee  on  Rivers  and  Harbors. 

President  Watson  announced  that  23  000  duplicate  volumes  from 
the  Library  of  the  Society  had  been  turned  over  to  the  Association 
for  placing  in  the  Library  of  the  Cleveland  Engineering  Society,  and 
that  the  latter  had  accepted  the  custody  of  the  books. 

President  Watson  announced  that  Messrs.  Robert  Hoffman,  D. 
^foomaw,  and  K.  H.  Osborn,  had  been  appointed  as  delegates  to  the 
luter-Society  Committee. 

In  the  matter  of  the  report  of  the  Committee  of  the  Board  of  Direc- 
tion on  Relations  of  Local  Associations,  the  Secretary  was  directed  to 
request  written  discussion  from  members  of  the  Association  and  to 
forward  such  discussions  to  the  Secretary  of  the  Society. 

The  Secretary  read  a  letter  from  Director  J.  Y.  Davies  requesting 
the  Association  to  assist  in  securing  information  concerning  highways 


536  ANNOUNCEMENTS  [Society  Affairs. 

in  District  No.  6  for  the  Council  of  National  Defense.  After  discus- 
sion, it  was  voted  that  the  Executive  Committee  appoint  a  committee 
of  three  to  take  charge  of  the  collection  of  the  information,  and  that 
this  committee  be  empowered  to  call  on  other  members  of  the  Associa- 
tion and  of  the  Society  in  the  Sixth  District  for  assistance. 
Adjourned. 

Detroit  Association,  Organized  1916. 

T.  A.  Leisen,  President;  Clarence  W.  Hubbell,  Secretary,  2334 
Dime  Bank  Building,  Detroit,  Mich. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Priday  of  December,  April,  and  October,  the  last  being  the  Annual 
Meeting. 

District  of  Columbia  Association,  Organized  1916. 

A.  P.  Davis,  President;  John  C.  Hoyt,  Secretary-Treasurer,  U.  S. 
Geological  Survey,  Washington,  D.  C. 

Duluth  Association,  Organized  1917. 

r.  E.  House,  President;  Walter  G.  Zimmermann,  Secretary,  Wolvin 
Building,  Duluth,  Minn. 

The  regular  meetings  of  the  Association  are  held  monthly.  The 
time  and  place  of  meeting  are  not  fixed,  but  this  information  will  be 
furnished  on  application  to  the  Secretary.  The  Annual  Meeting  is 
held  on  the  third  Monday  of  May. 

Illinois  Association,  Organized  1916. 

C.  F.  Loweth,  President,  Chicago,  111. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Monday  of  March,  June,  September,  and  December,  the  last  being  the 
Annual  Meeting.  The  hour  and  place  of  meeting  are  not  fixed,  but 
this  information  will  be  furnished  on  application  to  the  President. 

Louisiana  Association,  Organized  1914. 

W.  B.  Gregory,  President;  Charles  W.  Okey,  Secretary,  Tulane 
University,   New  Orleans,   La. 

The  regular  meetings  of  the  Association  are  held  at  The  Cabildo, 
New  Orleans,  La.,  on  the  first  Monday  of  January,  April,  July,  and 
October. 

Nebraska  Association,  Organized  1917. 

Frank  T.  Darrow,  President;  Homer  V.  Knouse,  Secretary-Treas- 
urer, 115  City  Hall,  Omaha,  Nebr. 

Regular  meetings  of  the  Association  are  held  on  the  first  Saturday 
of  each  month,  except  July  and  August,  and  at  such  places  as  may 
be  appointed  from  time  to  time  by  the  Executive  Committee.  The 
Annual  Meeting  is  held  in  Lincoln,  Nebr.,  on  the  second  Friday  in 
January. 

It  is  probable  that  frequent  luncheons  will  be  held  in  Omaha,  in 
addition  to  the  monthly  meetings,  at  which  visiting  members  will  be 
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welcomed.    The  place  of  meeting  may  be  ascertained  by  communicating 
with  the  Secretary. 

Northwestern  Association,   Organized   1914. 

George  L.  Wilson,  President;  Ralph  D.  Thomas,  Secretary,  508 
South  First  Street,  Minneapolis,  Minn. 

Philadelphia  Association,  Organized  1913* 

Samuel  T.  Wagner,  President;  C.  W.  Thorn,  Secretary,  1313  South 
Broad  Street,  Philadelphia,  Pa. 

The  regular  meetings  of  the  Association  are  held  at  the  Engineers' 
Club  of  Philadelphia,  1317  Spruce  Street,  on  the  first  Monday  in 
January,  April,  and  October,  the  last  being  the  Annual  Meeting. 

Portland,  Ore.,  Association,  Organized   1913. 

J.  P.  Newell,  President;  J.  A.  Currey,  Secretary,  194  North  13th 
Street,  Portland,  Ore. 

St.  Louis  Association,  Organized   1914. 

J.  A.  Ockerson,  President;  Gurdon  G.  Black,  Secretary-Treasurer, 
34  East  Grand  Avenue,  St.  Louis,  Mo. 

The  meetings  of  the  Association  are  held  at  the  Engineers'  Club 
Auditorium.  The  Annual  Meeting  is  held  on  the  fourth  Monday  in 
Xovember.  The  time  of  other  meetings  is  not  fixed,  but  this  informa- 
tion will  be  furnished  on  application  to  the  Secretary. 

San  Diego  Association,  Organized  1915. 

W.  J.  Gough,  President;  J.  E,.  Comly,  Secretary-Treasurer,  4105 
Falcon  Street,  San  Diego,  Cal. 

Seattle  Association,  Organized  1913. 

Joseph  Jacobs,  President;  Carl  H.  Reeves,  Secretary-Treasurer,  444 
Henry  Building,  Seattle,  Wash. 

The  regular  meetings  of  the  Association  are  held  at  12.15  p.  m.,  on 
the  last  Monday  of  each  month,  at  The  Frye  Hotel. 

Southern  California  Association,  Organized  1914. 

IL  Hawgood,  President;  Wilkie  Woodard,  Secretary,  435  Consoli- 
dated Realty  Building,  Los  Angeles,  Cal. 

The  Southern  California  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  (Los  Angeles,  Cal.)  holds  regular  bi-monthly 
meetings,  with  banquet,  at  Hotel  Clark,  on  the  second  Wednesday  of 
February.  April,  June,  August,  October,  and  December,  the  last  being 
the  Annual  Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  M.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  from  the  Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hos- 
pitality to  any  member  of  the  Society  who  may  be  temporarily  in 
Los  Angeles,  and  any  such  member  will  be  gladly  welcomed  as  a  guest 
at  any  of  the  meetings  or  luncheons. 
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(Abstract  of  Minutes  of  Meeting) 

August  15th,  1917.— The  meeting  was  called  to  order  at  the  Hotel 
Clark;  President  Ilawgood  in  the  chair;  M.  K.  Barnard  acting  as 
Secretary. 

The  minutes  of  the  meeting  of  April  11th,  1917,  were  read  and 
approved,  and  reports  of  Committees  were  called  for.  The  following 
new  members  were  introduced:  Messrs.  E.  G.  Sheibley,  Charles  H. 
Wondries,  and  E.  L.  Adams. 

Mr.  H.  W.  Dennis,  of  the  Programme  Committee,  announced  that 
Mr.  T.  D.  AUin,  Commissioner  of  Public  Works,  of  Pasadena,  had 
extended  an  invitation  to  the  Association  to  inspect  the  new  Municipal 
Sewage  Disposal  Plant,  on  September  8th,  1917. 

Mr.  George  G.  Anderson,  Chairman  of  the  Committee  on  Relations 
of  Local  Associations,  submitted  a  written  report  of  that  Committee. 
On  motion,  duly  seconded,  it  was  decided  to  postpone  action  on  the 
report  until  the  next  meeting  of  the  Association. 

Mr.  Anderson  gave  an  interesting  talk  on  the  recent  flood  in  the 
Colorado  River,  illustrating  his  remarks  with  lantern  slides.  During 
the  course  of  this  address,  attention  was  called  to  the  remarkably  cor- 
rect predictions  of  the  Weather  Bureau  Official  at  Denver,  which  were 
of  invaluable  service  to  those  in  charge  of  the  flood  protection  work  in 
the  Imperial  Valley. 

On  motion,  duly  seconded,  the  Secretary  was  instructed  to  write  to 
Mr.  E.  H.  Brandenburg,  in  charge  of  the  Weather  Bureau  Office,  in 
Denver,  complimenting  him  on  the  accuracy  of  his  predictions  and 
expressing  the  appreciation  of  the  Association  of  the  value  of  his  work. 

Adjourned. 

Spokane  Association,  Organized   1914. 

J.  C.  Ralston,  President;  B.  J.  Garnett,  Secretary,  City  Hall, 
Spokane,  Wash. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  each  month,  except  July  and  August.  The  hour  and  place 
of  meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
application  to  the  Secretary. 

Visiting  members  are  invited  to  attend  the  meetings  and  luncheons. 

Texas  Association,  Organized   1913. 

John  B.  Hawley,  President;  J.  F.  Witt,  Secretary,  Dallas,  Tex. 

Utah  Association,  Organized   1916. 

George  L.  Swendsen,  President;  H.  S.  Kleinschmidt,  Secretary- 
Treasurer,  30G  Dooly  Building,  Salt  Lake  City,  Utah. 

The  Annual  Meeting  of  the  Association  is  held  on  the  first  Wednes- 
day in  April.  The  time  of  other  meetings  is  not  fij^ed,  but  this  informa- 
tion will  be  furnished  on  application  to  the  Secretary. 
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PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 

AMERICAN   SOCIETY   OF  CIVIL   ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Keading  Kooms,  and  at  all  meetings: 

American  Institute  of  Electrical  Engineers,  25  West  Thirty- 
ninth  Street,  New  York  City. 

American  Institute  of  Mining  Engineers,  25  West  Thirty-ninth 
Street,  Xew  York  City. 

American  Society  of  Mechanical  Engineers,  25  West  Thirty-ninth 
Street,  Xew  York  City. 

Assogiacao  dos   Engenheiros  Civis    Portuguezes,  Lisbon,  Portugal. 

Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 
Australia. 

Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 
Mass. 

Brooklyn  Engineers'  Club,  117  liemsen  Street,  Brooklyn,  N.  Y. 

Canadian  Society  of  Civil  Engineers,  176  Mansfield  Street,  Mon- 
treal, Que.,  Canada. 

Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 

Cleveland  Engineering  Society,  Chamber  of  Commerce  Building, 
Cleveland,  Ohio. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 

Dansk  Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 

Detroit  Engineering  Society,  46  Grand  River  Avenue,  West, 
Detroit,  Mich. 

Engineering  Association  of  Nashville,  Commercial  Club  Building, 
Xashville,  Tenn. 

Engineers  and  Architects  Club  of  Louisville,  1412  Starks  Build- 
ing, Louisville,  Ky. 

Engineers'  Club  of  Baltimore,  6  West  Eager  Street,  Baltimore,  Md. 

Engineers'  Club  of  Kansas  City,  E.  B.  Murray,  Secretary,  920  Wal- 
nut Street,  Kansas  City,  Mo. 

Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minne- 
apolis. !Minn. 

Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadel- 
phia. Pa. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 
Canada. 

Engineers'  Club  of  Trenton,  Trent  Theatre  Building,  12  North 
Warren  Street,  Trenton,  X.  J. 

Engineers'  Society  of  Northeastern  Pennsylvania,  415  Washing- 
ton Avenue,  Scranton,  Pa. 
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Engineers'    Society    of    Pennsylvania,    31    South    Front    Street, 

Harrisbui'g,  Pa. 
Engineers'  Society  of  Western  Pennsylvania,  568  Union  Arcade 

Building,  Pittsburgh,  Pa. 
Florida  Engineering  Society,  J.  R.  Benton,  Secretary,  Gainesville, 

Fla. 
Institute  of  Marine   Engineers,   The  Minories,  Tower  Hill,  Lon- 
don, E.,  England. 
Institution  of  Civil  Engineers,  Gieat  George  Street,  Westminster, 

S.  W.,  London,  England. 
Institution  of  Engineers  of  the  River  Plate,  Calle  25  de  Mayo  195, 

Buenos  Aires,  Argentine  Republic. 
Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 

England. 
Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 

S.  W.,  London,  England. 
Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 
Louisiana  Engineering  Society,  State  Museum  Building,  Chartres 

and  St.  Ann  Streets,  New  Orleans,  La. 
Memphis  Engineers'  Club,  Memphis,  Tenn. 
Midland   Institute   of   Mining,    Civil   and   Mechanical    Engineers, 

Sheffield,  England. 
Montana  Society  of  Engineers,  Butte,  Mont. 
North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 

Newcastle-upon-Tyne,  England. 
Oregon  Society  of  Civil  Engineers,  Portland,  Ore. 
Pacific   Northwest   Society  of   Engineers,   803   Central  Building, 

Seattle,  Wash. 
Rochester  Engineering  Society,  Rochester,  N.  Y. 
Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 
Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 
Societe  des   Ingenieurs   Civils  de  France,  19  rue  Blanche,  Paris, 

France. 
Society    of    Engineers,    17   Victoria    Street,    Westminster,    S.    W., 

London,  England. 
Svenska    Teknologforeningen,    Brunkebergstorg    18,     Stockholm, 

Sweden. 
Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 
Vermont    Society    of    Engineers,    George    A.    Reed,    Secretary, 

Montpelier,  Vt. 
Western    Society    of    Engineers,    1737    Monadnock    Block,    Chi- 
cago, 111. 
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ACCESSIONS  TO  THE 
UNITED  ENGINEERING  SOCIETY   LIBRARY 

(From  July  11th  to  August  9th,  1917) 

DONATIONS* 

The  statements  made  in  these  notices  are  taken  directly  from  the  books 
themselves,  and  this  Society  is  not  responsible  for  them. 

WAR-SHIPS: 

A  Text-Book  on  the  Construction,  Protection,  Stability,  Turning, 
Etc.,  of  War  Vessels.  By  Edward  L.  Attwood.  6th  ed.  IST.  Y.  and 
Lond.,  Longmans,  Green  and  Co.,  1917.  3.38  pp.,  209  illus.,  9x6  in., 
cloth.    $4.00. 

This  book  has  been  written  in  response  to  suggestions  made  by  senior  naval 
oflBcers  taking  the  course  in  Naval  Architecture  at  the  Royal  Naval  College,  Green- 
wich. An  attempt  has  been  made  to  treat  the  subject  from  the  naval  officers'  stand- 
point, and  certain  parts  have  been  treated  with  a  view  of  meeting  their  special 
requirements. 

SHIPYARD   PRACTICE  AS   APPLIED  TO  WARSHIP   CONSTRUCTION. 

By  Neil  J.  McDermaid.  2d  ed.  N.  Y.  and  Lond.,  Longmans, 
Green  &  Co.,  1917.    332  pp.,  153  illus.,  9x6  in.,  cloth.    $4.00. 

A  course  of  lectures  given  to  Cadets  of  Naval  Instruction  at  the  Royal  Naval  Coir 
lege,  Devonport.  Describes  the  actual  operations  to  be  performed  during  the  construc- 
tion and  outfitting  of  a  warship. 

NAVAL  ARCHITECTURE. 

By  Cecil  H.  Peabody.  4th  ed.,^  rev^  N.  Y.,  John  Wiley  &  Sons, 
Inc. ;  Lond.,  Chapman  &  Hall,  Ltd.,  1917.  641  pp.,  218  illus.,  1 
diagram,  9x6  in.,  cloth.     $7.50. 

Intended  to  give  a  consistent  and  connected  statement  of  the  commonly  accepted 
theory  of  naval  architecture.  Intended  for  naval  architects  and  shipbuilders,  as  well 
as  for  students.  Discussions  of  certain  devices  for  checking  rolling  of  ships,  such  as 
Prahm's  anti-rolling  tanks  and  the  steadying  gyroscopes  of  Schlick  and  Sperry,  have 
been  introduced  in  this  edition. 

THE  MODERN  GAS  TRACTOR: 

Its  Construction,  Utility,  Operation,  and  Repair:  A  Practical 
Treatise  Covering  Every  Branch  of  Up-to-Date  Gas  Tractor  Engi- 
neering, Driving,  and  Maintenance  in  a  Non-Technical  Manner,  Con- 
siders Fully  all  Types  of  Power  Plants  and  Their  Components, 
Methods  of  Drive  and  Speed  Changing  Mechanisms,  Describes  Design 
and  Construction  of  all  Parts,  Their  Installation  and  Adjustment, 
as  well  as  Prnctical  Application  of  Tractors  in  the  Field.  By  Victor 
"W.  Page.  2d  ed.,  rev.  and  enl.  N.  Y.,  The  Norman  W.  Henley 
Publishing  Co.,  1917.    32  -f  504  pp.,  225  illus.,  7x5  in.,  cloth.    $2.00. 

This  treatise  is  intended  to  bridge  the  gap  between  the  purely  technical  work  and 
the  manufacturers'  instruction  book  dealing  with  one  specific  construction. 


•  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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I 
GAS  AND  FUEL  ANALYSIS  FOR  ENGINEERS:  [ 

A   Compend  for   Those  Interested  in  the  Economical  Application  | 

of  Fuel.     Prepared  Especially  for  the  Use  of  Students  at  the  Massa-  ( 

chusetts  Institute  of  Technology.     By  Augustus  H.  Gill.     8th  ed.,  rev.  ' 

N.  Y.,  John  Wilev  «&  Sons,  Inc.;  Lond.,  Chapman  &  Hall,  Ltd.,  1917.  i 

145  pp.,  20  illus.,  7x5  in.,  cloth.     $1.25.  •  | 

An  attempt  to  present  in  a  concise  yet  clear  form  the  methods  of  gas  and  fuel  ' 

analysis  involved  in  testing  the  efficiency  of  a  boiler  plant.      The  directions  for  using  [ 

the  bomb  calorimeter  have  been  made  to  agree  more  closely  with  present  usage  in  this  I 

edition,  and  minor  corrections  and  additions  have  been  made  throughout  the  text.  i 

GAS=LIGHTING   AND   GAS=FITTING:  I 

A    Pocket   Book    for    Gas    Companies,    Gas    Engineers,    and    Gas  ; 

Fitters,    for    Manufacturers    of    Gas    Fixtures    and    Dealers    in    Gas  I 

Appliances,    for    Gas    Consumers,    Architects,    and    Builders,    Health  i 

Officers   and   Sanitary  Inspectors.     By  Wm.   Paul   Gerhard.     4th  ed.  | 

(Van  Nostrand  Science  Series.)     N.  Y.,  D.  Van  Nostraiid  Co.,  1913.  | 

190  pp.,  3  illus.,  6x4  in.,  boards.     50  cents.     (Gift  of  the  author  and  i 

publisher.)  ' 

COMPRESSED  AIR:  j 

Theory  and  Computations.  By  Elmo  G.  Harris.  2d  ed.,  rev.  and  \ 
enl.  K  Y.,  McGraw-Hill  Book  Co.,  Inc. ;  Lond.,  Hill  Publishing  Co.,  I 
Ltd.,  1917.     15  +  192  pp.,  32  illus.,  9x6  in.,  cloth.     $2.00.  ,   { 

Designed  to  present  the  mathematical  treatment  of  the  problems  in  the  produc-  ! 
tion  and  application  of  compressed  air.  In  the  present  edition,  errors  and  ambiguities  i 
have  been  eliminated  and  new  matter  has  been  added. 

UNITED  STATES  ARTILLERY  AMMUNITION:  I 

3  to  6-in.   Shrapnel   Shells,  3  to  6-in.  High  Explosive   Shells  and  i 
Their  Cartridge  Cases.     By  Ethan  Viall.     N.  Y.,  McGraw-Hill  Book  j 
Co.,  Inc.;  Lond.,  Hill  Publishing  Co.,  Ltd.,  1917.     98  pp.,  171  illus., 
12  X  9  in.,  cloth.     $2.00.  I 

This  work  is  intended  to  give  shop  men,  engineers,  and  manufacturers  an  accurate  ( 
knowledge  of  the  sizes,  tools,  shop  work,  and  gauges  for  the  more  commonly  used  United  ' 
States  shells  and  cartridge  cases.      The  descriptions  are  in  minute  detail  and  accom- 
panied by  numerous  dimensioned  drawings. 

MACRAE'S  BLUE  BOOK: 

America's  Greatest  Buying  Guide;  Vol.  8,  1917.  Chic,  and  New  ; 
York,  MacRae's  Blue  Book  Co.     1  344  pp.,  11  x  9  in.,  cloth.     $10.00. 

Contents  :  Catalogue  Section  ;  Address  Section  ;  Representatives'  Index  ;  Classified  , 
Material    Section;    Comprehensive   Trade   Name   Index;    Miscellaneous   Data   Section;  ; 
Standard  List  Prices  of  Building  Materials  and  Iron  and  Steel  Products  ;  A  Net  Dis- 
count Computer. 

EXPORT    TRADE   DIRECTORY,    1917=1918. 

Compiled  by  B.  Olney  Hough.  N.  Y.,  American  Exporter,  John-  i 
ston  Export  Publishing  Co.     537  pp.,  1  map,  9x6  in.,  cloth.     $5.00.  i 

Contents  :  Export  Merchants  in  the  United  States  ;  Manufacturers'  Export  Agent?, 
Managers  of  Export  Departments  and  Export  Brokers;  Leading  Bankers  Engaged  in  j 
Foreign  Exchange  Business  ;  Foreign  Exchange  Brokers  ;  Marine  Insurance  Companies  ■ 
in  New  York  City  ;  Foreign  Freight  Forwarders  ;  Some  Export  Trucking  Companies  in 
New    York    City  ;    Steamship    Services    to    Foreign    Ports  ;    How    to    Ship    to    Foreign  , 
Markets  ;  Consuls  of  Foreign  Countries  in  the  United  States  ;  United  States  Consular 
and  Commercial  Representatives  in  Foreign  Countries  ;  Associations  for  the  Promotion  ' 
of  Export  Trade. 
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OFFICE  ORGANIZATION   AND   MANAGEMENT. 

By  Carl  C.  Parsons.  Chic,  LaSalle  Extension  University,  1917. 
14  +  313  pp.,  59  illus.,  1  diagram,  8x6  in.,  leather.     $2.50. 

Treats  of  organization,  management,  layout,  equipment,  methods,  systems,  records, 
forms,  employes,  etc.  Dased  on  observation  of  the  methods  used  in  the  offices  of 
various  large  companies. 

INTRODUCTION   TO   THE   RARER   ELEMENTS. 

Bv  Philip  E.  Browning.  4th  ed.,  rev.  N.  Y.,  John  Wiley  &  Sons, 
Inc.;"Lond.,  Chapman  &  Hall,  Ltd.,  1917.  10  +  250  pp.,  6  illus.,  1  pi., 
9  X  G  in.,  cloth.     $2.00. 

The  first  edition  of  the  book  was  prepared  by  the  author  from  material  used  in  a 
short  lecture  course  at  Yale  University,  as  a  convenient  handbook  in  the  introductory 
study  of  the  rarer  elements.  Numerous  changes  and  additions  have  been  made  in  the 
present  edition,  in  order  to  bring  it  up  to  date. 

PHOTOGRAPHY   IN   COLOURS. 

By  George  Lindsay  Johnson.  New  and  rev.  ed.  N.  Y.,  E.  P. 
Button  &  Co.,  1917.     302  pp.,  22  illus.,  14  pi.,  8x5  in.,  cloth.     $2.00. 

Intended  to  supply  the  information  necessary  for  successful  work,  with  any  of  the 
recognized  methods  of  photography  in  colors.  In  this  edition  errors  have  been  cor- 
rected, destriptions  of  the  Raydex  color  process,  Gaumont's  method  of  cinematography 
in  colors,  and  Carrara's  method  of  reproducing  autochromes  on  paper,  have  been  added, 
and  chapters  are  included  on  art  in  color  photography  and  on  photomicrography  in 
color. 

CHEMICAL    DISCOVERY    AND    INVENTION    IN    THE    TWENTIETH    CENTURY. 

By  Sir  William  A.  Tilden.  N.  Y.,  E.  P.  Button  &  Co.;  Lond., 
George  Routledge  and  Sons,  Ltd.  (preface,  1916).  16  +  487  pp.,  150 
illus.,  11  por.,  9x6  in.,  cloth.     $3.50. 

A  semi-popular  account  of  modern  chemical  discovery,  covering  both  theory  and 
applications.  Contents  :  Chemical  Laboratories  and  the  Work  Done  in  Them  ;  Modern 
Discoveries  and  Theories ;  Modern  Applications  of  Chemistry  ;  Modern  Progress  in 
Organic  Chemistry. 

CITY    PLANNING    PROGRESS, 

In  the  United  States,  1917.  Compiled  by  the  Committee  on  Town 
Planning  of  the  American  Institute  of  Architects.  Edited  by  George 
B.  Ford,  Assisted  by  Ralph  F.  Warner.  Washington,  B.  C,  The 
Journal  of  the  American  Institute  of  Architects.  8  +  207  pp.,  113 
illus.,  11  X  8  in.,  paper.     $1.50. 

A  report  on  what  has  been  accomplished  or  is  projected  in  city  planning  in  all 
cities  in  the  United  States  of  more  than  25  000  Inhabitants,  and  in  a  few  cities  and 
towns  with  a  smaller  population  where  the  work  is  of  special  interest.  Little  atten- 
tion has  been  devoted  to  housing,  as  a  separate  book  on  this  subject  is  being  prepared. 
Particular  stress  has  been  laid  on  the  economic  and  engineering  aspects  of  city  plan- 
ning. The  report  is  based  on  questions  sent  out  by  the  Committee,  and  includes  only 
statements  from  authentic  printed  reports  or  from  those  signed  by  responsible  authori- 
ties in  the  respective  communities. 

RAILWAY  ESTIMATES: 

Besign,  Quantities  and  Costs.  By  F.  Lavis.  jST.  Y.,  McGraw-Hill 
Book  Co.,  Inc. ;  Lond.,  Hill  Publishing  Co.,  Ltd.,  1917.  12  +  608  pp., 
99  illus.,  9x6  in.,  cloth.    $5.00. 

A  development  of  Chapter  8  of  the  author's  "Railway  Location,  Surveys  and  Esti- 
mates", written  to  present  in  convenient  form,  data  for  the  use  of  engineers  called  on 
to:  (1)  Report  on  the  value  of,  or  estimate  the  probable  cost  of,  proposed  railways, 
either  before  or  after  surveys   have  been   made;    (2)    Estimate  the  value  of  existing 
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lines  ;  (3)  Design  the  general  features  of  a  proposed  railway  or  modify  the  design  of  an 
existing  line;  (4)  Determine  the  value  or  utility  of  such  features  of  the  general  design 
of  railways  as  affect  their  cost  or  value  as  transportation  machines.  It  is  not  intended 
to  cover  the  design  of  details  of  structures,  but  rather  to  present  sufficient  data  for  the 
determination  of  both  quantities  and  costs  to  aid,  not  only  in  the  preparation  of  esti- 
mates, but  also  in  the  determination  of  the  general  features  of  design. 

SANITATION    PRACTICALLY    APPLIED. 

By  Harold  Bacon  Wood.  N.  Y.,  John  Wiley  &  Sons,  Inc.;  Lond., 
Chapman  &  Hall,  Ltd.,  1917.    473  pp.,  44  illus.,  8x5  in.,  cloth.    $3.00. 

This  book  serves  as  a  corollary  to  treatises  on  the  theory  of  hygiene  and  to 
laboratory  manuals.  It  is  intended  primarily  for  the  health  officer  and  the  student  of 
public  health  topics,  but  the  practical  directions  given  are  useful  to  all.  Illustrations 
are  introduced  as  explanatory  of  the  text.  Contents  :  The  Need  for  Public  Health 
Work;  Statistics;  The  Control  of  Communicable  Disease;  Child  Welfare;  School 
Hygiene;  Pure  Foods;  Clean  Milk;  Water  Supplies;  Sewage  Disposal;  Hygiene  of  the 
Home  and  Factory  ;  The  Destruction  of  Insects  which  Transmit  Disease  ;  The  Educa- 
tional Movement ;  Equivalents  in  Weights  and  Measures. 

RECENT  PRACTICE  IN  THE  SANITARY  DRAINAGE  OF  BUILDINGS: 

With  Memoranda  on  the  Cost  of  Plumbing  Work.  By  Wm.  Paul 
Gerhard.  (Van  ISTostrand  Science  Series.)  2d  ed.,  rev.  and  enl. 
N.  Y.,  D.  Van  Nostrand  Co.,  1890.    175  pp.,  6x4  in.,  boards.    50  cents. 

HOUSE=DRAINAGE    AND    SANITARY    PLUMBING. 

By  AVm.  Paul  Gerhard.  12th  ed.  (Van  Nostrand  Science  Series.) 
N.  Y.,  D.  Van  Nostrand  Co.,  1907.  231  pp.,  6  pi.,  6x4  in.,  boards. 
50  cents.     (Gift  of  the  author  and  publisher.) 

THE   DISPOSAL   OF   HOUSEHOLD   WASTES: 

A  Discussion  of  the  Best  Methods  of  Treatment  of  the  Sewage 
of  Farm-Houses,  Isolated  Coimtry  Houses,  Suburban  Dwellings, 
Houses  in  Villages  and  Smaller  Towns,  and  of  Larger  Institutions, 
such  as  Hospitals,  Asylums,  Hotels,  Prisons,  Colleges,  etc.,  and  of 
the  Modes  of  Removal  and  Disposal  of  Garbage,  Ashes,  and  Other 
Solid  House  Eefuse.  By  Wm.  Paul  Gerhard.  3d  ed.  N.  Y.,  D. 
Van  Nostrand  Co.,  1915.     195  pp.,  4  illus.,  6x4  in.,  boards.     50  cents. 

STRENGTH  OF  MATERIALS. 

Bv  James  E.  Boyd.  2d  ed.,  rev.  and  enl.  N.  Y.,  McGraw-Hill 
Book  Co.,  Inc. ;  Lond.,  Hill  Publishing  Co.,  Ltd.,  1917.  16  +  380  pp., 
254  illus.,  9x6  in.,  cloth.    $3.00. 

No  radical  changes  have  been  made  in  the  present  edition  of  this  book.  A  chapter 
on  Curved  Reams  and  Hooks  has  been  added  and  part  of  a  chapter  on  Theories  of 
Failures.  The  most  important  addition  is  the  method  of  Area  Moments  for  deriving 
the  equations  of  the  elastic  line  of  beam.  The  book  has  been  designed  to  be  used  in 
connection  with  either  "Cambria  Steel"  or  "Carnegie  Pocket  Companion." 

FARM    CONCRETE. 

By  K.  J.  T.  Ekblaw.  N.  Y.,  The  Macmillan  Co.,  1917.  11  -f  295 
pp.,  77  illus.,  16  pi.,  8x5  in.,  cloth.     $1.60. 

A  simple,  non-technical,  yet  reasonably  comprehensive,  account  of  the  methods  of 
using  concrete  for  farm  buildings,  fences,  drains,  bridges,  etc.  Intended  primarily  for 
those  without  experience  in  the  use  of  concrete. 
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PAINT   RESEARCHES   AND   THEIR    PRACTICAL   APPLICATION. 

By  llfiiry  A.  Gardner.  Washington,  D.  C.  (privately  printed), 
1917.     3S4  pp.,  155  illus.,  9x6  in.,  cloth.     $5.00. 

This  volume  is  a  summary  of  the  author's  investigations  conducted  at  the  Insti- 
tute of  Industrial  Research  for  the  Educational  Bureau  of  the  Paint  Manufacturers' 
Association  of  the  United  States.  Contents :  The  Growth  of  the  Prepared  Paint 
Industry  and  Its  Relation  to  the  Work  of  the  Painter  ;  The  White  Pigment  Industry  ; 
Physical  Characteristics  of  Pigments  and  Paints ;  Tests  of  Lithopone  ;  Washington 
Paint  Oil  Tests;  Paint  Protection  for  Portland-Cement  Surfaces;  Paints  to  Prevent 
Electrolysis  in  Concrete  Structures  ;  Paints  for  Metal  ;  Marine  Paints;  Arlington  Paint 
Tests ;  Observations  on  Painted  I^unibcr ;  Impregnated  Panel  Tests ;  Fire  Retardent 
Paints  for  Shingles  and  Other  Wooden  Structures  ;  The  Composition  of  Paint  Vapors  ; 
The  Toxic  and  Antiseptic  Properties  of  Paints  ;  The  Light-Reflecting  Valii^s  of  White 
and  Colored  Paints  ;  Formation  and  Inhibition  of  Mildew  in  Paints  ;  Fungi  on  Painted 
Surfaces  ;  Changes  Occurring  in  Oils  and  Paste  Paints,  Due  to  Autohydrolysis  of  the 
Glycerldes  ;  The  Effect  of  Pigments  upon  the  Constants  of  Linseed  Oil  ;  Storage  Changes 
in  Vegetable  and  Animal  Oils  ;  Paint  Driers  and  Their  Application  ;  Miscellaneous  Oil 
Investigations  ;  The  Application  of  Paints  and  Finishes  to  Wood. 

AMERICAN  HYDROELECTRIC   PRACTICE: 

A  Compilation  of  Useful  Data  and  Information  on  the  Design, 
Construction,  and  Operation  of  Hydro-electric  Systems  from  the 
Penstocks  to  Distribution  Lines.  By  William  T.  Taylor  and  Daniel 
H.  Braymer.  N.  Y.,  McGraw-Hill  Book  Co.,  Inc.;  Lond.,  Hill  Pub- 
lishing Co.,  Ltd.,  1917.    14  -f  439  pp.,  258  illus.,  9x6  in.,  cloth.  $5.00. 

Not  a  textbook  on  the  fundamentals  underlying  the  design  and  construction  of 
the  parts  of  a  hydro-electric  system,  but  a  compilation  of  the  practical  and  essential 
features  of  design,  construction,  and  operation  as  used  in  many  plants,  interpreted  and 
arranged  for  use  by  designers  and  engineers.  Contents  :  General  Survey  of  Water- 
Power  Engineering  :  Low.  Medium  and  Head  Developments  ;  Layout  and  Selection  of 
Plant  Equipment;  Transmission  Line  Construction  and  Operation  ;, Plant  Line  and  Sub- 
station Costs  ;  System  Operation  and  Economics  ;  Special  Plant  and  Line  Problems  ; 
Data,  Reference  Tables  and  System  Diagrams. 
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MEMBERSHIP 

(From  August  3d  to  September  6th,  1917) 
ADDITIONS 
MEMBERS  T,,    ^?^'-^  °^ 

Membership. 

BuRKY,  Charles  Rogy.     Chf.  Engr.,  Twin  Falls  North  Side 

Land  &  Water  Co.,  Jerome,  Idaho May     15,  1917 

Cleveland,    Malcolm    Colburn.     Valuation    Engr.,    L.    V. 

R.  R.,  620  West  116th  St.,  New  York  City June    11,   1917 

Trost,  PArL  Anthony.  Care,  George  F.  Hardy,  309  Broad- 
way, New  York  City June    11,   1917 

associate  members 

Baldry,  William  Earnest.     City  Engr.,  Topeka,  Kans...     May     15,  1917 

Hanmer,  Franklin  Joseph.  Structural  Engr.,  Lakeside 
Bridge  &  Steel  Co.,  861  Thirty-seventh  St.,  Milwau- 
kee,   Wis June    11,  1917 

HoBMEL,  Alfred  Albert.     Res.   Engr.,   George   F.   Hardy; 

Res.,  100  Washington  St.,  Brighton,  Mass April   17,   1917 

Houston,  Robert  Bruce.  Junior  Structural  Engr..  Inter- 
state Commerce  Comm.,  601  Interstate  Bldg.,  Kansas 
City,    Mo April   17,  1917 

Jordan,  Loring  Kenneth.     Anderson,  Cal Mar.    13,  1917 

Macintosh,  Percy  Hugh  Marshall.     Box  2204,  G.  P.  0., 

Sydney,  New  South  Wales,  Australia Mar.      2,  1915 

Pratt,  Edmund  Addison.  1900  Land  Title  Bldg.,  Phila- 
delphia, Pa May     15,  1917 

SwABEN,  John  William.     Vancouver  Barracks,  Vancouver, 

Wash June    11,   1917 

Thom,  Neil,  Jr.     1315  Humboldt  Bank  Bldg.,  |    Jun.  Oct.        1,   1912 

San    Francisco,    Cal ^   Assoc.  M.     June    11,  1917 


CHANGES  OF  ADDRESS 

honorary  members 
Mills,  Hiram  Francis.     Engr.,  Essex  Co.,  314  Main  St.,  Hingham,  Mass. 

members 

Baldwin,  Ernest  Howard.  Asst.  Constr.  Engr.,  Guggenheim  Bros.,  Care, 
Braden  Copper  Co.,  Rancagua,  Chile. 

Benfield,  Bernard.     Cons.  Engr.,  525  Rialto  Bldg.,  San  Francisco,  Cal. 

BiXBY,  William  Herbert.  Brig.-Gen.,  U.  S.  A.  {Retired)  ;  Pres.,  Missis- 
sippi River  Comm.,  428  Customhouse,  St.  Louis,  Mo. 

Blackford,  Francis  Webster.  Civ.  and  Min.  Engr.,  P.  0.  Box  110,  Miami, 
Okla. 

BURWELL,  Robert  Lemmon.  Specification  Aide,  U.  S.  Navy  Dept.,  Bureau 
of  Yards  and  Docks,  2011  Park  Rd.,  N.  W.,  Washington,  D.  C. 
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MKMUKKS    (Continued) 
Hyers,   CiiAur.Ks   Hopkins.     Dist.   Engr.,   Interstate   Commerce   Comm.,   731 

Wells  Fargo  Bldg.,  San  Francisco,  Cal. 
C'AMKRON,   ITakuy   Frank.     Maj.,  Engr.  OfTicers'  Reserve  Corps,   301st  Regi- 
ment, Camp  Devens,  Ayer  Junction,  Mass. 
CiiAMUKRs.   Frank   Taylor.     Civ.   Engr.,   U.   S.   N.,   Naval   Operating  Base, 

Hampton  Roads,  Va. 
CRECFXirs,  Sam v EI.  Fordkr.     Fort  Leavenworth,  Kans. 
Crockabd,  Frank  Hearne.     Care,  Nova  Scotia  Steel  &  Coal  Co.,  Ltd..  New 

Glasgow,  N.  S.,  Canada. 
Crosby,  Walter  Wilson.     Care,  The  Maryland  Club,  Baltimore,  Md. 
Cunningham,  John  George  Lawrence.     Chf.  Timekeeper,  War  Dept.,  14th 

National  Army  Cantonment,  Funston,  Kans. 
Daae.   Hans   Anukeas.     Engr.,    Federal    Constr.    Co.,    The    Call    Bldg.,    San 

Francisco,  Cal. 
Ki.i.iOTT.  ^Ialcolm.     Maj.,  Corps  of  Engrs.,  U.  S.  R.,  309th  Regiment,  Engrs., 

Camp  Taylor,  Ky. 
Fowler,  Charles   Evan.     Cons.   Engr.,   3910   Woohvorth   Bldg.,   New  York 

City. 
Fox.   John   Angell.     Care,   Wisner   Estates,   Inc.,   38    South    Dearborn   St., 

Chicago,  111. 
Grant.  John  Robert.     H.  Q.  R.  E.,  24th  Div.,  B.  E.  F.,  France. 
Grant,  Kenneth  Crothers.     Capt.,  Engrs.,  U.  S.  R.,  Constr.  Div.,  Signal 

Corps,  Union  Station,  Washington,  D.   C. 
Gray,  Alexander.     Engr.   in  Chg.,  Dept.  of  Public  Works,  St.  John  Har- 
bour, P.  0.  Box  1393,  Saint  John,  N.  B.,  Canada. 
Harris,  BoRI)^:N  Baker.     Cons.  Engr.,  35  Nassau  St.,  New  York  City. 
Healy,  John  Francis.     520  Second  St.,  Huntington,  W.  Va. 
Huff,  Clyde  Leslie.     18  Shepard  Flats,  Sioux  City,  Iowa. 
Leahy,  Maurice  Joseph.  .  42  Bridge  St.,  South  Hadley  Falls,  Mass. 
McCuLLOH,  Ernfst.     Care,  Charles  L.  Pillsbury  Co.,  813  Metropolitan  Life 

Bldg.,  Minneapolis,  Minn. 
McFetridge,  William  Sutton.     Prin.  Asst.  Engr.,  B.  &  L.  E.  R.  R.    (Res. 

10  North  Main  St.),  Greenville,  Pa. 
McLure,  Norman  Roosevelt.     Strafford,  Pa. 
Mathewson,  Thomas  Knight.     Care,  Sr.  Ing.  Juan  Tonkin,  Parque  Forestal 

560,  Santiago,  Chile. 
MiiNNiCHE,  Tollef-  Bache.     Lerida,  Boquete,  Panama. 
Xagle,  James  C.     Prof,  of  Civ.  Eng.,  and  Dean  of  Eng.,  Agricultural  and 

Mech.  Coll.,  College  Station,  Tex. 
North,  Arthur  Tappan.     Contr.  Engr.,  1737  East  72d  St.,  Chicago,  111. 
Oakes,  John   Calvin.     Col.,   Engrs.,  National   Army,   Care,   The  Adjutant 

General,  Washington,  D.  C. 
O'Heabn,  John  Lynch.     738  Wilson  Bldg.,  Dallas,  Tex. 
Ornellas,  Charles  Evariste  d'.     Ingenieur  des  Arts  et  ^lanufactures,  48 

Avenue  Malakoff,  Paris,  XVI,  France. 
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MEMBEUS    (Continued) 
Pharr,  Harry  Nelson.     1085  Poplar  Ave.,  Mempliis,  Tenn. 
PiLLSBURY,  George  Bigelow.     Col.,  Corps  of  Engrs.,  U.  S.  A.,  Camp  Kearney, 

Linda  Vista,  Cal. 
Pratt,   Arthur   Henry.     Capt.,   Engr.    Officers'    Training    Camp,    American 

Univ.,  Massachusetts  and  Nebraska  Aves.,  Washington,  D.  C. 
PuGH,  Marshall  Rogers.     230  Poplar  Ave.,  Wayne,  Pa. 
Ripley,  Henry  Clay.     Cons.  Engr.,  480  Virginia  Park,  Detroit,  Mich. 
RowELL,  George  Freeman.     Res.  Engr.,  Day  &   Zimmermann,  611  Chestnut 

St.,  Philadelphia,  Pa. 
Shaw,  Arthur  Monroe.     Maj.,  Engr.  0.  R.  C,  Const.  Quartermaster,  Camp 

Beauregard,  Alexandria,  La. 
Sibert,  William  Luther.     Maj. -Gen.,  First  Regular  Div.,  Am.  Expeditionary 

Forces. 
Snow,  Jonathan  ParivER.     Cons.  Engr.,   18  Tremont  St.,  Room   1027,  Bos- 
ton, Mass. 
Stanford,  Homer  Reed.     Civ.  Engr.,  U.  S.  N.,  Navy  Yard,  Boston,  Mass. 
Struckmann,  Holger.     Pres.  and  Gen.  Mgr.,  Cuban  Portland  Cement  Co.; 

Vice-Pres.    and   Gen.   Mgr.,   Knickerbocker   Portland   Cement   Co.,    30 

East  42d  St.,  New  York  City. 
Taylor,   Edwin  Alexander.     Care,  The  Denver  Union  Water   Co.,   Denver, 

Colo. 
Van  Norden,   Ernest  Maitland.     Civ.   Engr.,   New   York   Edison   Co.,    130 

East   15th  St.,  New  York  City    (Res.,   1530  East   14th  St.,  Brooklyn, 

N.  Y.). 
Walker,   Meriwether   Lewis.     Lt.-Col.,   Corps   of   Engrs.,   U.   S.   A.,   Care, 

116th  Engrs.,  Camp  Greene,  Charlotte,  N.  C. 
Wallace,     John     Findley.      (Past-President.)      Chairman,     Westinghouse, 

Church,    Kerr   &    Co.;    Chairman,   Ry.    Terminal    Coram,    of    Chicago, 

390  West  End  Ave.,  New  York  City. 
Webb,  De  Witt  Clinton.     Civ.  Engr.,  U.  S.  N.;  Public  Works  Officer,  Navy 

Yard,  Philadelphia,  Pa. 
Wheeler,  Walter  Scott.     Cons.  Engr.,  82  I'ark  St.,  Dover,  N.  H. 
Yates,   Charles   Colt.     With   U.   S.   Shipping  Board,   Custom   House,   New 

York  City. 

associate  members 
Alderman,  Ernest  Samuel.     No.  7,  Touraine  Bldg.,  Fort  Worth,  Tex. 
Aldrich,  Elbert  Christopher.     Granby,  Mass. 
Alford,  William  Valorus.     Chf.  Engr.,  Am.  Vanadium   Co.,  Garrettsville, 

Ohio. 
Allen,    Maynard    Edward.     Vice-Pros,    ami    Treas.,    Bailey    &    Allen    Co., 

122  South  Michigan  Boulevard,  Chicago,  111. 
Alsbero,  Julius.     5438  Ellis  Ave.,  Chicago,  111. 
Ardeby,  Edward  Daiil.     Maj.,  Corps  of  Engrs.,  U.  S.  A.,  15  Custom  House, 

Norfolk,  Va. 
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ASSOCIATE  MKMnnits   (Continued) 
AusTii.i.,  IIiKiEOSCO.     Capt.,  Engr.  Odicors'  Reserve  Corps,  American  Univ., 

Wasliington,  D.  C. 
Austin,  Frank  Willis.     With  Midcon  Eng.  Co.,  Chanute,  Kans. 
Bailey,  Lewis  Penn.     Capt.,  304th  Regiment,  Camp  Meade,  Admiral,  Md. 
Battie,  Herbert  Scandlin.     With  Tennessee  Coal,  Iron  &  R.  R.  Co.;    Ist 

Lieut..  U.  S.  R.,  Eng.  Div.,  2025  Fifth  Ave.,  Birmingham,  Ala. 
Reckjoro,  Jessee  Garnet.     Honolulu,  Hawaii. 
Hell,  Josiimi  Edgar.     Care,  Montana  Power  Co.,  319  Electric  Bldg.,  Butte, 

Mont. 
Brown,  Robert  Huse.     21  West  127th  St.,  New  York  City. 
BussE,  Franz  August.     Care,  L.  W.  Koerner,  R.  R.  No.  1,  Metamora,  Ind. 
Buxton,  Edwin  Walker.     Eng.  Dopt.,  K.  C.   So.  Ry.,  215  East  30th  St., 

Kansas  City,  Mo. 
Canaga,  Gordon  Byron.     Scio,  Ohio. 

Carey,  William  Nelson.     Capt.,  313th  Engrs.,  U.  S.  A.,  Camp  Dodge,  Iowa. 
Catlin,  Harold  Burd.     Res.  Engr.,  Hammond  Steel  Co.,  Syracuse,  N.  Y. 
Chapin,  Charles  W.vlter.     Hutchinson,  Kans. 

Chappel,   Milford   Edward.     Care,   Norfolk   County   Farms,    Inc.,   Wallace- 
town,  Va. 
Chesley,  Frank  Ephraim.     Care,  Bldg.  and  IMaintenance  Dept.,  Gen.  Elec. 

Co.,  Erie,  Pa. 
Christensen,  George  Andrew.     Capt.,  Q.  M.  U.  S.  R.,  Camp  Kearny,  San 

Diego,  Cal. 
Claflin,  Fred  Winslow.     2  Rector  St.,  New  York  City. 
Clarke,  William  Dexter.     Engr.,  Dept.  of  Rys.,  Public  Service  Comm.  of 

Oregon,  Salem,  Ore. 
Cole,  Ernest  Delevan.     Res.  Engr.,  Empire  Pipe  Line  Co.,  Gainesville,  Tex. 
Connell,  William  Henry.     Eng.  Executive,  Day  &  Zimmermann,  Inc.,  611 

Chestnut  St.,  Philadelphia,  Pa. 
Craby,  Alexander  Patton.     1956  Bogart  Ave.,  New  York  City. 
Crow,  Herman  G.     22  Seventh  Ave.,  S.  E.,  Aberdeen,  S.  Dak. 
Cutler,  Leon  George.     852  East  9th  St.,  Chattanooga,  Tenn. 
Dakin,  Robert  Edward.     Stevenson,  Conn. 

Daugherty,  Henry  Michael.     Asst.  Engr.  in  Chg.  of  Constr.,  Chile  Explora- 
tion Co.,  Tocopilla,  Chile. 
Davidson.    Thomas    Meredith.     Asst.    Mgr.,    Am.    System    of    Reinforcing, 

1116  Washington  Bldg.,  Los  Angeles,  Cal. 
DeGbaff,  Carlton  Robb.     Asst.  Engr.,  Dept.  of  State  Engr.,  150  Kenwood 

Ave.,  Rochester,  N.  Y. 
Desmond,  Thomas  Charles.     Pres.,  T.  C.  Desmond  &  Co.,  Inc.,  31  Nassau 

St.,  New  York  City. 
DiLLARD,  John  Lea.     Box  639,  Portsmouth,  Ohio. 
Dobbins,    John    Leslie.     Cons.    Engr.,    China    American    Investment    Co., 

Alaska  Commercial  Bldg.,  San  Francisco,  Cal. 
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Dodge,  Frank  Earle.  Asst.  Supt.,  Cia.  Argentina  de  Cemento  Portland, 
Sierras  Bayas,  Hinojo,  F.  C.  S.,  Argentine  Republic. 

DuRANT,  William  Bullard.  Care,  Virginia  Industrial  Chemical  Co.,  131 
State  St.,  Boston,  Mass. 

Fahy,  Joseph  Augustine.  Co.  22,  R.  O.  T.  C,  Military  Branch,  Chatta- 
nooga, Tenn. 

Foster,  Walter  Linder.  Constr.  Engr.,  Kennecott  Copper  Corporation, 
Kennecott,  Alaska. 

Fowler,  Charles  Worthington.     G30  West  227th  St.,  New  York  City. 

Frame,  Stanley  Howard.  Dist.  Hydrometric  Engr.,  Dept.  of  the  Interior, 
Irrig.  Branch,  513  Eighth  Ave.,  West,  Calgary,  Alberta,  Canada. 

Freeman,  Milton  Harvey.  Res.  Engr.,  East  River  Subway  Tunnels,  Public 
Service  Comm.,  New  York  City,  Alexander  Ave.  and  Chase  St.,  White 
Plains,  N.  Y. 

Freeman,  William  Bradly.  Care,  U.  S.  Reclamation  Service,  Sherburne, 
Mont. 

Friedman,  Harry  Bayard.  Care,  W.  E.  Wood  Co.,  1805  Ford  Bldg.,  De- 
troit, Mich. 

Fuller,  Carl  Hamilton.  Engr.,  Memphis  Steel  Const.  Co.,  P.  0.  Box  11, 
Five  Points,  Birmingham,  Ala. 

GooDELL,  John  Stanton.     Asst.  Engr.,  A.,  T.  &  S.  F.  Ry.,  Holyrood,  Kans. 

Goodman,  Frank  Raymond.  County  Engr.,  Coconino  County,  Flagstaff, 
Ariz. 

Gray,  Harold  Farnsworth.  State  Dist.  Health  Officer,  City  Hall,  Chico, 
Cal. 

Green,  Arthur  Brooks.  Industrial  Engr.,  89  Westminster  St.,  Spring- 
field, Mass. 

Hamilton,  Ross  Elroy.  County  Highway  Supt.,  341  South  10th  St., 
Coshocton,  Ohio. 

Haerah,  Orin  Wilson.     Golden  City,  Mo. 

Harter,  Aloysius  Frank.     Div.  Engr.,  State  of  Arizona,  Phoenix,  Ariz. 

Healey,  Charles  Frank.  Capt.,  Corps  of  Engrs.,  U.  S.  R.,  Engrs.  Training 
Camp,  Fort  Leavenworth,  Kans. 

Henning,  Charles  Sumner,  Jr.  Asst.  Engr.,  Ore.  Short  Line  R.  R.,  1801 
East  Nevada  St.,  El  Paso,  Tex. 

Howard,  Conway  Robinson.  1st  Lieut.,  17th  Engrs.  (Ry.),  Am.  Expedi- 
tionary Force. 

Hynds,  Harold  Devillo.  Secy.,  Am.  Concrete  Inst.,  244  Madison  Ave., 
New  York  City. 

Kingman,  Edward  Dyer.     440  Madison  Ave.,  Scranton,  Pa. 

Lambert,  Edward  Allyn.  Chf.  Engr.,  William  R.  Phillips,  Room  412,  New- 
field  Bldg.,  Bridgeport,  Conn. 

Lamson,  William  Mather.  Maj.,  Engr.  U.  S.  R.,  306th  Regiment,  Engrs., 
Camp  Jackson,  Columbia,  S.  C. 
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J^ANiii:,    TiiKODORK    FERDINAND.     Care,    C.    J.    Corn,    2041    Fiftli    Ave.,    New 

York  City. 
Lau.skn,  Ai.nKUV.     497  Washington  St.,  Milwaukee,  Wis. 
Lii'iNSKi,  O.swALD.     Const.  Engr.,  1069Vi   Richards  St.,  Milwaukee,  Wis. 
.MacDoioaix,  David  Cadenhead.     Div.   Engr.,  Public   Service  Ry.  of  New 

Jersey,  111  East  Second  Ave.,  Roselle,  N.  J. 
MAuriN.  .(ame.s  Walter.     Engr.,  San.  and  Drainage  Coram.,  Charleston,  S.  C. 
Matiieson,  John  Douglas.     Supt.,  The  Foundation  Co.,  Care,  Lackawanna 

Steel  Co.,  South  Buffalo,  N.  Y. 
MiiNEFEE,    Ferpinand    Northrop.     Care,    Capt.    A.    E.    White,    Land    Office 

Bldg.,  Washington,  D.  C. 
Mexgel,  Carl  Wayne.     Lieut.,  306th  Engr.  Regiment,  Camp  Jackson,  S.  C. 
Mn.LEK.   Daniel   Chambers.     1st   Lieut.,   Engr.   Officers'  Reserve  Corps,  426 

Soutli  Hudson  Ave.,  Pasadena,  Cal. 
Mitchell,  Arthur  Knox.     Care,   Committee   on  Lead  Advisory  Comni.   of 

the    Council    of    National    Defense,    61    Broadway,    Room    1420,    New 

York  City. 
Moore,   Charles   Rea.     Chf.   Engr.,   Spokane  Val.  &  Northern  Ry.,  Valley, 

Wash. 
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Chicago,  111. 
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Pittsburgh,  Pa.,  15c. 


C.    D.    Hale. 


(13) 


LIST  OF  ARTICLES 
Brldsfes. 

Design    and    Construction   Details   of   a   Long    Concrete   Arch    Bridge.* 
(67 1      .Tune. 
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A  Viaduct  Built  by  Maintenance  Forces.*      (87)      July. 

Bascule  Bridge  Across  Cataraqui  River  ;  Details  of  Construction  and  Method  oi 
Operation  of  160-Ft.  Span  Bascule  Bridge  at  Kingston,  Ont. — Precautionary 
Means  Taken  to  Insure  Counterweight  Would  Exactly  Balance  the  Moving 
Leaf — How  Weight  Adjustment  Was   Determined.*     R.   K.   Palmer.    (96)    July  5. 


•  Illustrated. 


H.  G.   Perring 

(13) 

i'illiain   Siiaitli. 

(13) 

J.   U    DcVou. 

(13) 
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Bridges— (Contlnaed). 

bills  lor  ('(iiuTfio  Arch  Viaduct  Less  Than  for  Steel  Design." 

.Inly    12. 
Standard   Bridge  Floors  of  Concrete  Slabs  on  Steel  Beams.* 

July  IL'. 
Locomotive  Cranes  Erect  Cantilever  Bridge  Over  Ohio  River.* 

.luly    19. 

Monumental   Portal   Completed  at  Approach  of  Manhattan   Bridge.*      (13)      .July   19. 
Wide  Roadway  of  Cleveland   Bridge  Concreted  Cheaply.*      (13)      July   l',». 
Suspension  Bridges  in  New  Zealand.      (12)      July  20. 

Hnscule  Urid.uo   is   Erected   as  a  Cantilever.*      \V.   J.  Howard.      (13)      July   26. 
Saving  a  Railway  Bridge  Built  63  Years  Ago.*      (96)      July  2G. 
Cold    Bituminous    Mixture    for    Wood    Floor    Highway    Bridges.*      B.    H.    Piepmeier. 

(86)      Aug.   1. 

Electrical. 

High   Tension   Transmission    Lines,   Poles   and   Towers.*      Lesslie    R.    Thomson.      (5) 

Oct.-Dec,  191(i. 
The  Making  of  Rates  After  Valuation.      William  J.    Norton.      (4)      May. 
The    Nature    of    the    Power    Requirements    of    the    Electrochemical    Industry.      F.    A. 

Lidbury.      (4)      May. 
Dielectric  Losses  in   Insulating  Materials.*      C.  E.  Skinner.      (3)      June. 
Economical  Combination  of  Water  Power  and  Steam  Plants  and  a  Convenient  Method 

of  Solution.*      H.  St.   Clair  Putnam.      (42)    June;    (64)    July  24. 
Electrolysis — Troubles    Caused    Thereby    and    Remedies    Which    may    be    Applied.* 

Albert  F.  Ganz.      (28)      June. 
The   Fundamentals   of   Successful    High-Tension    Cable   Joints.      D.    W.    Roper.      (42) 

June. 
Illumination  of  the  Panama-Pacific  International  Exposition.*      W.  D'A.  Ryan.      (42) 

June. 
The    Influence    of    Dielectric    Losses    on    the    Rating    of    High-Tension    Underground 

Cables.*      A.  F.   Bang  and  H.   C.   Louis.      (42)      June. 
Insulation  Characteristics  of  High-Voltage  Cables.*      W.  S.  Clark  and  G.  B.  Shanklin. 

(42)      June. 
Present  Practice  in  the  Design  and  Manufacture  of  High-Tension  Insulators.*      A.  O. 

Austin.       (42)      June. 
Note  on  the  Testing  of  Magneto  Magnets.*      J.  D.  Morgan.      (11)      June  15. 
Modern  Dynamo  Electric  Machinery.*      Alexander  Gray.      (3)      July. 
Power   House   Economics.*      V.   T.   Kropidlowski.       (25)       July. 
Possibilities    of    Industrial    Electric    Heating.*      (Discussion    held    at    Pacific    Coast 

Section  of  N.   E.  L.  A.)       (Ill)      July   1. 
Bell  Transformers:   Design  and  Tariffs.*      E.  Wirz.      (73)      July  6. 
Electric   Vehicles   in   Municipal   Service.      S.   L.   Pearce.      (  104)      July   6. 
New   Concentric   Standard    Dynamometer  Wattmeter   for   Heavy   Currents  :    and   Con- 
centric Non-inductive  Standards  of  Low  Resistance.*     A.  E.  Moore.    (73)    July  6. 
Power  Station   Centralization   and   Inter-Linking.      John    P.   C.   Kivlen.      (Paper   read 

before  the  Assoc,  of  Min.   Elec.   Engrs.)       (22)      July  6. 
Foundry  and  Machine  Shop  Lighting.*      C.   E.   Clewell.      (27)      July  7. 
I'nderwriters  Laboratories'   New   Testing  Station.*      Edgar  P.   Slack.      (27)      July  7. 
Collinsville  Plant   Remodeled.*      Thomas  Wilson.      (64)      July   10. 
Practical  Talks  on  Controllers — A.-C.   Contactor  Switches.*      (64)      July   10. 
Engineering  Precautions   in   Radio   Installations.      Robert  H.   Marriott.      (Abstract  of 

paper  read  before  the  Inst,  of  Radio  Engrs.)       (73)      July  1?,. 
New    Reversing    Drive    for   Tin-Bar   Mill    at   the    Monmouthshire    Steel    and    Tinplate 

Company's  Works.*      (22)      July  13. 
Phase  Lag  in  Current  Transformers.*      A.  J.  Makower  and  A.  Wust.      (73)      July  13. 
Graphical  Determination  of  Alternator  Regulation.*     A.  S.  Blatterman.      (27)     July  14. 
Hints  About  Mill  Lighting.*      A.  L.  Powell.      (16)      July  14. 
Illumination   of   Business  Office   Spaces.*      C.  E.   Clewell.      (27)      July   14. 
-Methods  of  Making  Temporary  Motor  Repairs.*      H.   L.  Hayes.      (27)      July  14. 
Bearing  Currents  in  a  Rotary  Converter.*      L.  J.  Corbett.      (Ill)      July   15. 
New  Power  Station   at  Albany.*      Charles  H.   Bromley.      (64)      July   17. 
Depreciation  of  Electrical   Machinery.      William   H.  Easton.      (72)      July  19. 
The    Characteristics    of    Iron    in    High    Frequency    Magnetic    Fields.*      Ralph    Bown. 

(73)      July  20. 
Leads  for  Ele<tric  Furnaces.*      Arvid  Lindstrom.      (26)      July  20. 
The  Prospects  of  the  Accumulator.      (73)      .I\ily  20. 
Standard  Methods  of  Testing  Moulded  Insulation.      (73)      July  20. 
Westinghouse  Turbo-Alternators.*      (26)      July  20. 
Analysis  of  Design-Constant  Curves.*      Theo.  Schou.      (27)      July  21. 
Comparison  of  Dissimilar  Transformer  Ratings.      E.  Ilagenlocher.      (27)      July  21. 
,  Illuminating  Iron  and  Steel  Mills.*      C.  B.  Clewell.      (27)      July  21. 
The  Improvement  of  the  Outdoor  Substation.*      M.  M.  Samuels.      (27)      July  21. 

•  Illustrated. 
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Electrical-!  Continued). 

Cnpaiities  of  Transformers  for  Induction   Motors.*      G.   P.   Roux.      (64)      July   24. 
Electric    Controllers    for    Direct-Current    Industrial    Motors.*     A.    G.    Popclte.      (72) 

July  20. 
Electric  Cooking  In  the  Factory.*      (26)      July  27. 
Electricity  Supply  Co.'^ts.*      Frank  H.  Whysall.      (73)      July  27. 
Eloctrolysers  and  Tlieir  Management.*      Ernest  Reuss.      (26)      July  27. 
Switch  Whkh  Prevents  Failure  of  Signal  Current.*      H.  K.  Le  Sure.      (17)      July  28. 
The  Unipolar  Dynamo  and  Its  Future.*      Ijouis  13.  Lawrence.      (19)      July  28. 
Ashley  Street  Station  Remodelled.*      John  Hunter.      (64)      July  31. 
Reconnecting   Induction   Motors — Fractional-Pitch  Windings.*      A.   M.   Dudley.      (64) 

July  31. 

Marine. 

An  Analysis  of  Model  Screw  Propeller  Experiments.*      S.  Motora.      (11)    -June  8. 

The  German  High  Sea  Fleet  and  Its  Bases.*      (12)      Serial  beginning  June  1.5. 

The    Stability   of    Submarine    Boats   While   Trimming.*      S.    Motohara.      (Abstract   of 

paper  read  before  the  Japanese  Soc.  of  Naval  Archts.)       (11)      June   15. 
The    Science   of    Naval    Architecture.     David    Watson    Taylor.      (19)    June   23;    (3) 

July. 
The  Submarine  Boat:   Its  Inception  and   Development.     John  P.   Holland,   Jr.      (19) 

June  30. 
The  Sidehaul   Railway   Dry   Dock   at  West   Memphis,    Arkansas.*     Clarke   S.    Smith. 

(100)      July-Aug. 
Hou.<!ing  the  Navy  Ashore.*      (13)      July  5. 
The  Real  Problem  of  the  Submarine.*      (72)      July  12. 
Reinforced  Concrete  for  Ships.      (96)      July  19. 
Reinforced  Concrete  Ships.*      J.  L.  Weller.      (96)      July  26. 
American  Standard  Wooden  Steamship.*      (11)      July  27. 

Mechanical. 

Cotton  Rope  for  Power  Transmission.*      J.  Melville  Alison.      (58)      June. 

Development  of  the  Pickling  Process  :  Consideration  of  Various  Methods  of  Pickling — 
Conveying  Machinery  Comparisons — Data  Concerning  Per  Cent.  Acid  and  Time 
of  Pickling  for  Various  Materials  and  Methods.  J.  H.  Snyder.  (Abstract  of 
paper  presented  at  the  Fourth  Annual  Convention  of  the  Am.  Drop  Forge  Assoc.) 
(62)      June. 

Electric  Welding  on  the  Rock  Island.*      E.  Wanamaker.      (25)      June. 

The  Elements  of  Roll  Pass  Design  :  How  Modifications  in  Existing  Conditions  Affect 
Supposedly  Positive  Rules — Fixing  the  Limitations  on  Possible  Reduction  per 
Pass — Action    of    Materials    Under    Compression.      W.    Trinks.      (116)      June. 

Heat  Treatment  of  Drop  Forgings :  Particular  Attention  to  Automobile  Parts — 
Methods  of  Determining  Temperature  of  Steel  During  Heat  Treatment — Check- 
ing Stock  Distribution  by  Scleroscope  Test — Rate  of  Heating.  W.  C.  Peterson. 
(62)      June. 

Heat  Treatment  of  Steel  Forgings  :  Interesting  Discussion  Dealing  with  Failure  in 
Heat  Treatment  of  Forgings  in  English  Works  Practice — Advantages  of  Water 
Quenching — Recommendation  That  Research  Work  be  more  Clearly  Applied  to 
Shop  Practice.*  H.  H.  Ashdown.  (Paper  read  before  the  Inst,  of  Mech.  Engrs.) 
(62)      June. 

Locomotive  Shovel  Plates  from  Old  Tires  :  Adjusting  Rolling  Mill  Equipment  to 
Handle  Scrapped  Tires.  Problems  Arising  in  the  Process — Preparing  Rolls  for 
Heavy  Duty  Requirements.*      W.   S.   Standiford.      (116)      June. 

The  Manufacture  of  Steel  Castings :  Rapid  Developments  of  the  Art  of  Forming 
Large  Castings — -Problems  of  Design  and  Treatment  Briefly  Sketched — Use  of 
Acid  and  Basic  Steels — Shrinkage,  Porosity  and  Annealing  Difficulties.*  Robert 
P.  Lament.  (Paper  presented  at  the  New  York  Meeting,  Am.  Iron  and  Steel 
Inst.)      (116)      June. 

Power  Tests  of  Machine  Tools.*      C.  H.  Crawford.      (25)      June. 

Relative  Methods  of  Forming  Steel  by  Pressing,  Hammering  or  Rolling.*  John 
Lyman  Cox.  (Abstract  of  paper  presented  at  New  York  Meeting,  Am.  Iron 
and  Steel  Inst.)       (116)      June. 

Selection  of  Machine  Tools.*      Willard  Doud.      (25)      June. 

Standardizing  of  Finish  on  Forgings  :  Committee  Suggested  to  Standardize  Designs 
and  Drawings  and  to  Formulate  Working  Code  for  Forging  Practice — Desirable 
Practice  for  Axles.  Crank  Shafts,  Gear  Planks,  etc.  E.  J.  Frost.  (Abstract 
from  paper  read  before  the  Am.  Drop  Forge  Assoc.)       (62)      June. 

The  Rriquetting  of  Metal  Swarf.*      (12)      June  .'^. 

Control  Gear  for  Auxiliary  Motors  for  Rolling  Mills.*      (11)      June  15. 

Foundry  Facings.  H.  Winterton.  (Paper  read  before  the  Birmingham  Branch  of 
the    British    Foundrymen's    Assoc.)       (47)      June    1.5. 

Repetition  Work  and  Machine  Moulding.  A.  R.  Bartlett.  (Paper  read  before  the 
London  Branch  of  the  British  Foundrymen's  Assoc.)  (47)  Serial  beginning 
June  1.5. 

*  Illustrated. 
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Mechanical— ( Continued). 

The   Window-Glass    Machine.*      Robert    Linton.      (Paper   read   before   Engrs.'    Soc.  of 

Western   Pennsylvania.)       (11)      June  15. 
The    Spontaneous    Ignition    Temperatures    of    Liquid    Fuels.*      Harold    Moore.      (12) 

June  22. 
Tar  Oil   Fuel   and   Diesel   Engines.     Geoffrey  Porter.      (Paper   read   before  the  Diesel 

Engine  Users'  Assoc.)       (47)      June  22. 
Ball  Mills  for  Grinding  Ores.*      (19)      .June  2.'?. 
The  Gas  Film  Theory   in    Relation  to   Heat  Conduction,   and   a  Large  Table  of  Heat 

Conductivities.*      Halbert  P.  Gillette.      (86)      June  27. 
Concentrated   Potash   a   Py-Product  of  Cement   Mill.      (13)      June   28. 
Fuel  Economy.      (22)      June  29. 

Improvements  in  Vacuum  Prake  Apparatus.*      (12)      June  29. 
A  .Modern  Bottle  Making  Plant.*      (12)      June  29. 
Some  Points  in  High  Precision  Design.*      (12)      June  29. 
Welding  with  Application  to  Automobile  Engineering.*     Herbert  L.  Towns.     (Abstract 

of   paper    read    before   Coventry    Branch   of    Inst,    of   Automobile    Engrs.)       (11) 

June  29  ;      (47)      July  (>. 
Experiments  with   the  Rotating  Disk  and   Peripheral  Alaries   in   Mechanical   Flight.* 

Justin  Kay  Toles.      (19)      June  30. 
The  Elements  of  Roll  Pass  Design.*      W.  Trinks.      (116)      July. 
Oxy-Acetylene  Welds  Under  Pressure.      (62)      July. 
Power  House  Economics.*      V.  T.  Kropidlowski.      (25)      July. 
Roll  Design  for  Shrapnel  and  Shell  Bars.*      W.  S.  Standiford.      (116)      July. 
Structural    Changes   during   Heat  Treating :    Describing   How   the   Structural   Changes 

Occur — A  Critical   Point  in  Heating  Must  be  Obtained   in  Order  to  Get   Results. 

James  H.  Herron.      (Paper  read  before  the  Am.  Drop  Forge  Assoc.)    (62)    July. 
Welding  by  Electric  Arc  in   Railway  Shops  in  America.      (21)      July. 
Progress   in   Aeronautics.*      H.    Bannernian-Phillips.      (44)      July-Aug. 
Rational  and  Empirical  Formulas  for  Steam  Constants  in  Fuel  Oil  Practice.*      Robert 

Sibley  and  Chas.  H.  Delany.      (llll      July  1. 
The  Manufacture  of  Linseed  Oil.      Glenn  H.  Pickard.      (Paper  read  at  Buffalo  Meet- 
ing of  .\m.  Inst,  of  Chemical  Engrs.)       (105)      July  1. 
The   Recovery  of   Potash   from   Beet  Sugar  House  Waste   Liquors.      H.   E.  Zitkowski. 

(Paper  presented  at   Buffalo  Meeting  of  Am.   Inst,   of  Chemical  Engrs.)       (105) 

July  1.      , 
Metallurgical  Processes  in  the  Foundry — Use  of  Ferromanganese,  Ferrosiiicon,  Chills 

and    Iron    Molds.*      Alexander    B.    Outerbridge,    Jr.      (Address    delivered    before 

Phil.  Foundrymen's  Assoc.)       (105)   July  1:    (20)   June  28. 
Cutting   Oils — Their    Properties,    Composition,    Examination    and    Industrial    Applica- 
tion.     C.  W.  Copeland.      (105)      July  1. 
Synthetic    Production    of    Benzine    and    Toluene    from    Oil.     Andrew    Bender.      (83) 

July  2. 
Xew  Armour  Boiler  Plant.*      Thomas  Wilson.      (64)      July  3. 
Unaflow  Engine  Economy.*      A.  D.  Skinner.      (64)      July  3. 
"Abrupt"  Condensation  of  Naphthalene.      (66)      July  3. 
Cost   Data   on   Operation   of   Small   Maintenance   Trucks.*     Frank    T.    Sheets.      (86) 

July  4. 
Automatics  Used  Advantageously  in  the  Machining  of  Starter  Parts.*      (72)      July  5. 
Fixture  for  Grinding  Relief  on  Formed  Milling  Cutters.*      Walter  G.  Groocock.      (72) 

July  .'i. 
Grinding  Rolling-Mill  Rolls.*      Howard  W.  Dunbar.      (72)      July  5. 
Inspectors  and  Inspection.      A.  L.  Haas.      (72)      July  5. 
Time  Studies  for  Rate  Setting  on   Gisholt  Boring  Mills.      Dwight  V.   Merrick.      (72) 

Serial  beginning  July  5. 
The  Conversion  of  Ford  Cars  into  Commercial  Vehicles.*      (12)      July  6. 
Experiment."   in   Low^-Temperature  Distillation.*      (57)      July   6. 
Graphic    Solutions   of    Some    Compressed    Air    Calculations.*      C.    W.    Crispell.      (57) 

July  6. 
The  Latent  Heat  of  Steam.      Frank  B.  Aspinall.      (12)      July  6. 
Galvanizing  and  Tinning  Iron  Wire.      (19)      July  7. 
How  Rope  is  Made.*      Ernest  Elva  Weir.       (46)       July  7. 
Recent  Briquet-Plant  Installations.*      G.  J.  Ma.shek.      (45)      July  7. 
The    Complete    Gasification    of    Coal.     Alex.    Naumann.      (Abstract    from    Chemiker 

Zcitunn.)       (66)      July  10. 
Effect  of  Countershaft  Speed  Ratio  on  Power  and  Torque.*      A.  Lewis  Jenkins.      (72) 

July  12. 
Keeping  Machines  on  the  Job.*      Byron  T.  Hawley.      (72)      July   12. 
Mechanical  Equipment  of  a  Hawaiian   Sugar  Plantation.*       (72)      July  12. 
Panama  Canal   Boiler  Shops   at  Balboa.*      Frank  A.   Stanley.      (72)      July   12. 
Condenser  Tube  Corrosion.      William  Ramsay.      (11)      July  13. 
The  Deterioration    of   Curtis   Rateau    Turbine    Blading.*      A.    Fenwick.      (Paper    read 

before  the  South  African  Inst,  of  Engrs. 1       (12)       July  13. 
Combination  Coal  and  Gas  Firing.*     Alex.  W.  Morgan.      (27)      July  14. 

•  Illustrated. 
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Mechanical— (Continued). 

Gas    Displaces    Electricity    for    Department    Store    Lighting.*      H.    S.    Lewis.      (24) 

.)uly  14. 
Handiing  the  Coai   from  the  Cars  to  the  Stokers.*      J.  A.  Longiey.      (27)      July  14. 
Standardizing  Screens.      (16)      .July  14. 
The  Use  of  Fuel  Oil  for  Stationary  Plants.     Frederic  Ewing.      (Abstract  of  Discussion 

before  A.  I.  E.  E.  and  A.  S.  M.  E.)       (27)      July  14. 
A  New  .\dvance  in  Fuel  Oil  Economy.*      C.   D.  Stewart.      (HI)      July  15. 
Compound  Ammonia  Compression.*      H.  J.  Maclntire.      (64)      July  17. 
Overcoming  Cracl<ing  in  Drying  Clay  Products.      Otis  L.  Helfrlch.      (76)      July  17. 
Suggested    Improvements    in    the    Manufacture   of   Silica    Brick.*      C.    E.   Nesbitt   and 

M.  L.  Bell.      (76)      July  17. 
Alignment  Chart  for  Milling  Cutters.*      A.  Lewis  Jenkins.      (72)      July  19. 
The  Maag  Gear  System.*      Dexter  S.  Kimball.      (72)      July  19. 
Stove  Plate  Foundry  of  a  Modern  Design.*      (20)      July  19. 
Terms  Used  in  .Aeronautics.*      (72)      July  19. 

Formation   of  Clinkers   in   Boiler   Furnaces.      Albert  A.   Gary.      (47)      July   20. 
Mechanical  Stokers  at  Collieries.      (57)      July  20. 
Physical    Conditions    Relative   to    the   Heating   of    Regenerative   Ovens.*      D.    Bagley. 

(22)      July  20. 
A  System  for  Fuse  Inspection.      (12)      July  20. 
The  Evolution  of  .Artificial  Dyestuffs  :  How  American  Workers  are  Reducing  the  Mazes 

of    Coal-Tar    Chemistry    to    Their    Lowest    Terms.*      Thomas    H.    Norton.      (46) 

Julv  21. 
Tire  Heating  by  Gas.*      Gilbert  C.  Shadwell.      (24)      July  21. 
Industrial  Fuel  from  Gas-Works.      E.  W.  Smith.      (66)      July  24. 
Small  Central  Station  Operation.*      Arthur  Groesbeck.      (64)      July  24. 
What  the  Intercooler  Can  Do.      Frank  Richards.      (64)      July  24. 
Development  of  Pneumatic  Hand  Tools.      Glenn  B.  Harris.      (72)      July  26. 
Equipment  for  Expediting  Shell-Forging.*      (20)      July  26. 
Machining  Operations  on  a  Stapling  Machine.*      (72)      July  26. 
Welding  a  Large  Cast-iron   Spider.*      J.  D.   Gumming.      (72)      July  26. 
Coal  Concreted  from  Dusts  or  Ashes.      R.  Goulburn  Lovell.      (From  paper  read  before 

the  Soc.  of  Archts.)       (57)      July  27. 
The  Down  Draught  Smokeless  Boiler.*      A.  Bement.      (57)      July  27. 
The  Pulp  and  Paper  Industry  in  Canada.      O.  F.  Bryant.      (29)      July  27. 
Some  Experiences   in    Steel-Foundry   Practice.      T.    Brown.      (Abstract   of  paper   read 

before  the  Sheffield  Branch  of  the  British  Foundrymen's  Assoc.)       (47)      July  27. 
Economically  Planned  Coke  Handling  System  at  Denver  Expedites  Removal.*      George 

Wehrle.      (24)      July  28. 
The  Selection  of  Gearing.*      W.  H.  Phillips.      (16)      July  28. 
Wire  Drawing.      A.  T.  Adam.      (19)      July  28. 

Dempster-Toogood  Continuous  Vertical  System.*      (66)      July  31. 
Economy  in  Lubrication.*      A.  J.  Dixon.      (64)      July  31. 
Longwood  Gas  Company's  New  Works.*      (66)      July  31. 

Proper  Draft  Conditions  in  Burning  Kilns.*      Arthur  E.  Williams.      (76)      July  31. 
Refractory  Brick — Their  Properties  and  Constituents.*      (76)      July  31. 
L'Am^lioration  du   Fonctionnement  Thermique  et  Organique  des  Moteurs  k  Explosion 

et  a  Combustion.*      L.  Pierre-Guedon.      (33)      July  7. 
La  Distillation  de  la  Houille  a  Basse  Temperature.*      (33)      July  17. 

Metallurgical. 

Alumina  as  a  Component  of  Furnace  Slag:  Characteristics  Due  to  Alumina;  Rela- 
tions It  Bears  to  Other  Slag  Components  and  the  Practical  Interpretation  of 
Slag  Peculiarities  Which  are  Attributed  to  Alumina.*  Wallace  G.  Imhoff. 
(116)      June. 

The  Chemical  Reactions  of  Iron  Smelting.  Walter  Mathesius.  (Abstract  of  paper 
read  before  New  York  meeting  of  Am.   Iron   and  Steel   Inst.)       (116)      June. 

Metal  Melting.  H.  M.  Thornton.  (Abstract  of  paper  read  before  Inst,  of  Metals.) 
(11)      Serial   beginning  June   15. 

Wide  Diversity  of  Uses  of  Gas-Fired  Soft  Metal  Furnaces.*  Gilbert  C.  Shadwell. 
(24)      June  23. 

A  New  Design  of  Gas-Fired  Crucible  Furnace.*      (22)      June  29. 

Effect  of  Corrosion  on  the  Ductility  and  Strength  of  Brass.*  Paul  D.  Merica. 
(19)      June  30. 

Installation  of  Large  Turbo-Generators:  Specifications  for  Four  Blast  Furnace 
Plant.*  Richard  H.  Rice.  (Abstract  of  paper  read  before  the  Am.  Iron  and 
Steel    Inst.)       (116)      July. 

Sulphur  as  a  Component  of  Furnace  Slag.*      Wallaco  G.   Imhoff.      (116)      July. 

Cobaltcrom.  the  New  Steel  Alloy.      (11)      July  6. 

Electric  Steel  Furnaces,  with  Special  Reference  to  the  Greaves-Etchells  Type.* 
E.   Kilburn   Scott.      (22)      July  6. 

Iron   In   Aluminum   Bronze.      C.  Vickers.      (47)      July   6. 

•  Illustrated. 
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Metallurgical— (Continued). 

C(|)p<r   SinoliiiiK   at    Santa    Lucia.*      Francis   Church   Lincoln.      (16)      July   7. 

Properties  and  Structure  of  Nickel  Steel.*      S.  W.   Parker.      (20)      July  12. 

Ammonia   Leaching  of  Calumet  Tailings.*      C.   Harry   Benedict.      (16)      July   14. 

The  Hurro   .Mountain   Concentrator.*      F.   C.   BlickensOt-rfer.      (16)      July   14. 

Concentration   at  Humboldt,   Arizona.*      George  M.   Colvocoresses.      (16)      July  14. 

Continuous    Drum   Filters.*      Carl    .T.   Trauerman.      (16)      July   14. 

DrvinK    Flotation    Concentrates.      H.    H.    Adams.      ((6)       July    14. 

Inhibitory   Films   in   Flotation.*      Will    H.    Coghill.      (16)      July   14. 

MIlliOK   Wisionsin   Lead-Zinc   Ores.*      Walter   Schultz.      (16)      July   14. 

Oil    Concentration    of    Lead    Carbonate    at    Darwin,    California.*      H.    S.    Rexworthy. 

(16)      July    14. 
Selective    Lead-Zinc    Flotation.*     Luther    L.    Klrtle>.      (16)      July    14. 
Solution   of  Grinding    Problems.*      Sergio    Hagnara.      (16)      July   14. 
The  Tom   Reed   Mill.   Oatman,   Ariz.*      H.   P.   Flint.      (16)      July  14. 
Sands  I'sed  in   Metallurgical   Piactice.      P.   G.   II.    Doswell.      (Abstract  of  paper   read 

before   the   Soc.  t)f   Chemical    Industry.)       (57)      July    20. 
Milling  Costs   at  the   Inspiration    and    Bunker   Hill    Plants.      (16)      July   21. 
Sulphatizing  with  Weak  Sulphurous  Gases.*      Geor;,'e   C.  Westby.      (16)      July  21. 
The  United   Verde  Crushing   Plant.*      T.   C.   Roberts.      (16)      July   21. 
War  Tasks  of  the  German   Steol   Industry.*      (20)      July  26. 
An   Electrical    Method  of   Hardening   Steel.*       (12)      July   27. 
Flotation — The  Butte  &   Superior  (iase.     Walter  A.   Scott.      (103)      Serial   beginning 

July  2S. 
Grain     Size     Measurements     in     Metals.*      Zay     Jeffries.      (Paper     read    before     the 

Faradav  Soc.)       (19)      July   28. 
The   Heavy   Shall    Rise   and   the   Light   Shall    Fall.*      (46)    .  July   28. 
North  American  Flotation  Plants.      (16)      July  28. 

Military. 

Military    Sanitation.      W.    P.    Chamberlain.      (109)      June. 

Organization     rnd     Duties     of     Engineer    Ticops.      Frederick    B.    Downing.      (109) 

June;      (18)      July  28. 
Canadian   Cantonments   All    Built  by  One  Contractor.      (13)      June  28. 
Handling  8-In.   Shell  Forgings.*      M.  E.  Hoag.      (72)      June  28. 
United    States    Common    Shrapnel    and    Common    Steel    Shells    3.8,    4.7    and    6    In. 

(72)      June   28. 
Military    Aeronautics.*      William    Mitchell.      (2)      July. 
The  German    Shelters   on    the   Somme.*      (Translated    from   L' Illustration    by    W.    R. 

Livermore.)      (122)      July- Aug. 
The  Influence   of  the   Furopeaii    War  Upon   the  Art   of  Field   Fortifications.*      P.   B. 

Wilby.      (100)      July-Aug. 
Outline  of  a    Plan    for   Effecting  Universal   Military   Training   in   the  United   States. 

Stephen    M.   Foote.      (44)      Julv-Aug. 
Forging  Shells  at  Curtis  Plant,   St.  Louis.*      (20)      July  5. 
The  Lewis  Machine  Gun.*      (72)      July   5. 

Plans  for  Army's  Big  Training  Camps  Made   Public.*      (13)      July  5. 
Military  Motor  Truck  Design.      H.   D.  Church.      (19)      July  7. 
The    Military    Rifle:     Manv    Delicate    Operations    Required    to    Produce    a    Perfect 

Weapon.      (19)      July  7. 
Re-introducing  the  Concrete-and-Steel   Fortification.*      (46)      July   7. 
Limits   and   Tolerances   for   the   Manufacture  of  Munitions.      (72)      July   12. 
United   States   Munitions:   The  Springfield   Model   1903   Service   Rifle:   Operations   on 

the  Hand  Guard.*      (72)      Serial   beginning  July   12. 
Sanitation    in    Camps    "Somewhere    in     France"  :     Methods    Developed    During    the 

Present    War    and    Used    by    the    British    in    Their    Temporary    Army    Camps.* 

(101)      July    13. 
Automatic    Pistols :    Mechanism    of    a    Recently    Adopted    Type    of    Military    Arms.* 

H.    Volta.      (19)      July    14. 
r.uild  Army  Aviation   Camp   Near  Detroit.*      (13)      July   19. 
Forging   Rifle    Barrels.*      Fred    H.    Colvin.      (72)      July    19. 
Sighting    Telescopes    for    Fire-Arm=:    Instrument-^    that    Aid    in    Precision    in    Long 

Distance  Shooting.*      Ernest  Ccustet.      (19)      July  21. 
Construction    and    Structural    Features    of    Cantonments    for    New    York    National 

Army.*      (86)      July   2.5. 
Engineering  in   the  Great  European  War.*      Frank  W.  Skinner.      (19)      July  28. 
Flat   Site  at   Chillicothe   Camp   Demands   Careful   Drainage.*      (13)      Aug.    16. 

Mining. 

A    Contribution   to    the   Micro-Petrology    of   Coal.*      George    Hickling.      (106)      July. 
Forms    of   Electric    Power    Be.st    Suited    for   the   Various    Loads    Encountered    in    the 

Operation  of  Bituminous  Coal   Mines.      R.  L.   Kingsland.      (42)      July. 
The  Higher  Training  of  Colliery  Managers.     G.  L.   Kerr.      (106)      July. 

*  Illustrated. 
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Mining— (Continued). 

A  Xfw   Electrii-   Mine  Hoist  at  Butte.   Montana.*      R.   S.   Sage.      (42)      July. 

Can    Vour  .Mining  .\Ictliods   be  Improved?      (76)      July   3. 

The   Lubrication  of   Mine  Machinery.      James   A.    Boyd.      (Abstract   from   Bulletin   of 

Canadian    Min.    Inst.)      (57)      July    6. 
Underground    Sifrnallinp    Hells.*      L.    Pokes.      (22)      July    6. 
Efficiency   of   Coal    Production.      C.    B.   Officer.      (45)      July   7. 
Growth  of  the  Talc  Industry.*      Freeland  Jewett.      (16)      July  7. 
Longwall    Mining    in    Northern    Illinois.      Edward    T.    Bent.      (Abstract    of    address 

before   111.   .Min.   Inst.)       (45)      July   7. 
The  Scope  and  Value  of  State  Mining  Bureaus.      E.  K.   Soper.      (Abstract  of  address 

before  Idaho  Min.  Assoc.)       (16)      July  7. 
The  Development  of  the  Petroleum  Industry  in  Assam.      H.   S.  Maclean  Jack.      (29) 

July    l.-?. 
Rescue  and  Recovery  Operations  in  Coal  Mines.      James  W.   Paul.      (57)      July  13. 
Forestry   as   an   .Adjunct  to   Mining.      J.   Crow   Taylor.      (45)      July   14. 
Modern  Coal   Mining  Plant  at  .\rista,   W.   Va.*      J.   F.   Morris.      (45)      July   14. 
The    Sugar   Creek    (Ohio)    Mine    Fire.      (45)      July    14. 
A   Two  Stacker  Gold  Dredge.*      (46)      July  14. 

Methods   of    Dealing    with    Gob    Fires.*      S.    J.    Bridges.      (22)      July    20. 
Risk    of    Gas     Ignition    by    Underground     Magneto    Telephones.*      L.    Fokes.      (22) 

July    2<^. 
Bali-Bearing  Motors  in  Modern  Mine  Equipment.*      Robert  Hlrsch.      (45)      July  21. 
Butte   Re-Visited.*      Robert   E.    Brinsmade.      (10.?)      July    21. 
Electrically   Operated    Rock    Drill.*      E.    M.    Mackie.      (45)      July   21. 
Equipment  at  a   .50-Vear-Old   Mining  Operation.*      (45)      July    21. 
Facts  About  Self-Contained  Portable  Electric  Mine  Lamps.*      H.   O.   Swoboda.      (45) 

July   21. 
A  Fourteen    Hundred  Foot   Raise.*      Charles   H.   Foreman.      (16)      July   21. 
Handling   Mine   Water.*      H.    E.    Cole.      (45)      July    21. 
Mining  .Machinery  as  a  Factor   in  the  War.*      (45)      July   21. 

New  .Method  in  Screening.   Picking  and  Loading  Bituminous  Coal.*      (45)      July  21. 
New  Thin-Seam   Mounting  for   Jackhammers.*      H.   L.   Hicks.      (45)      July   21. 
Observations  on    Modern   Coal   Washing.*      G.   H.   Elmore.      (45)      July   21. 
Prospecting  an   Iron  Ore   Property.*      J.  F.  Kellock  Brown.      (16)      July  21. 
Sources  of  Sulphur  in   Oils.      G.   Sherburne   Rogers.      (103)      July   21. 
Survey  of  Inclines  Without  Auxiliaries.*      A.   J.    Sale.      (103)      July  21. 
Automatic   Safety   Mine-Car  Cager.*      N.   L.   Harmon.      (45)      July   28. 
Drill   Bits  and   Drill   Steel   for  Metal   Mining.*      George  H.  Oilman.      (16)      July  28. 
Electric     Blasting-Caps     and     Delay-Electric     Igniters.*      I.     H.      Barkdoll.      (103) 

July   28. 
Location  and  Construction  of  Mine  Tracks.*      J.  McCrystle.      (45)      Serial  beginning 

Julv   28. 
Mill-Tests  r.  Hand-Sampling  in  Valuing  Mines.*      Morton  Webber.      (103)      July  28. 
The  Motor   Generator   in   Mining.*      (45)      July   28. 
Rebuilding  a  Tipple.*      Miner  Raymond.      (45)      July  28. 

Sampling  and  Analysing  Zinc  Ores  and  Products.      J.  H.  Hastings.      (16)      July  28. 
Terry  Turbines   at  Coal   Mines.*      (45)      July  28. 

Miscellaneous. 

General  Education  for  the  Engineer.      Edward  E.  Wall.      (115)      May-June. 

Some   Suggestions   for    Improvements    in    the    EIngineering   Profession.      F.    G.    Jonah. 

(Paper  read  before  the  Engrs.'  Club  of  St.  Louis.)       (115)      May-June. 
The  Engineering  Society  in  War  Time.      George  C.  Whipple.      (109)      June. 
Hammer   Hour  System   of   Overhead  :    Consideration   of   the   Problem   of  Dividing   the 

Forge    Shop    Overhead    Among   the   Various    Groups    of    Equipment    in    the    Shop 

Itself — Tables    Showing    Non-Productive    Labor,    Purchase    and    Expense    Items. 

R.  T.  Herdrgen.      (Abstract  from  paper  read  at  the  Fourth  Annual  Convention  of 

the  Am.  Drop  Forge  Assoc.)       (62)      June. 
Public-Service  Regulation.      Thomas  W.  D.  Worthen.      (28)      June. 
Intensive  Production  Establishment  Charges  and  Selling  Price.*      (Paper  read  before 

the  Exeter  Chamber  of  Commerce.)       (12)      June  8. 
Character  the  Most  Essential  Qualification  for  Success  in  Engineering.      W.  A.  Cattell. 

(24)      June  23. 
British   Decimal   Coinage:   A   Choice   of   Unit.     Harry   Allcock.      (22)      June   29. 
A  Correct   Financial    Plan   the   Most   Important   Element   in   the   Success   of   a   Public 

Utility.      G.  E.  Claflin.      (24)      June  30. 
The  Physical  Basis  of  Color-Technology.*      M.  Luckiesh.      (3)      July. 
Valuation   of   Public    Service   Property — Overhead    Expense.      A.    S.    B.    Little.      (83) 

July  2. 
I^ogic  for  Engineers — Induction  and  Deduction.     Halbert  P.  Gillette.      (86)      July  4. 
An  Ionization  Manometer.      0.  E.  Buckley.      (19)      July  7. 
Excess  Profits  Duty.      (22)      July  13.  

*  Illustrated. 
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Miscellaneous— ( Continued  >. 

The  Electrical  Properties  of  Gases — 1.  :  WTiich  Enable  Important  Problems  in  Physics 

to  be  Studied.*      Sir  J.  J.  Thomson.      (19)      Serial  beginning  July  14. 
The  Action  of  Aluminium  Chloride  on  Pure  Aromatic  Hydrocarbons.*    Robert  J.  Moore 

and  Oustav  Egioff.      (105)      July  ir>. 
Fundanuntal    Hue    Scale    for    Scientific    Color    Designation.*      (105)      July    15. 
Notes  on  Public  Utility  Rates.      C.  E.  Grunsky.      (Ill)      July  15. 
The   Possibilities  of   Developing   an   American    Potash    Industry.      Richard   K.    Meade. 

(Paper  read  before  the  Am.  Inst,  of  Chemical   Engrs.)       (105)      July   15. 
Surety  Bonds  Under  Government  Contracts.      (86)      July  18. 
Knife-Edge  Materials   and   Stresses.*      H.   L.   Van   Keuren.      (Abstract  of   paper   read 

before  National  Scale  Men's  Assoc.)       (15)      July  20. 
Shall  Great  Britain  and  America  Adopt  the  Metric  System.      Walter  Renton   Ingalls. 

(Paper  read  before  the  Infit.  of  Min.  and  Metallurgy.)       (29)      July  20. 
EJxploring  the  Realms  of  Science  for  Photographic  Improvements.*      (46)      July  21. 
Prottcting   Our    Timber    Resources:    Using   the    Heliograph    to    Fight    Forest   Fires.* 

Arthur  U  Dahl.      (19)      July  21. 
Making  Industrial  Valuation  for  Tax  Purposes.      George  E.  Barrows.      (13)      July  26. 
Against  the  Compulsory  Adoption  of  the  Metric  System.      H.  Cunlifte.      (From  paper 

read  before  the  Incorporated  Soc.  of  Inspectors  of  Weights  and  Measures.)     (104) 

July  27. 
Electric   Discharge  and   Crop  Production.*      (12)      July   27. 

Lighting  in  the  Textile  and  Clothing  Industry.*      C.  E.  Clewell.      (27)      July  28. 
True  Efflciencv  in  Engineering  Requires  a  Thorough  Knowledge  of  the  Human  Factor. 

John  P.  Frey.      (24)      July  28. 

IMunicipal. 

Districting  or  Zoning   in    St.   Louis.      (115)      May-June. 

Improved    Major-Street    Plan    for    St.    Louis    Proposed    by    City    Plan    Commiseion.* 

Harold  Bartholomew.      (13)      July  19. 
City  Managers:  A  New  Opportunity  for  Engineers.      (86)      July  25. 
Berkeley.  Cal.,  Zone  Ordinance.      (86)      Aug.  1. 

Railroads. 

Centralized  Production  of  Locomotive  Repair  Parts.*    George  Armstrong.     (25)     June. 

Developments  in  Railway  Shop  Tools.      (25)      June. 

Enter  Roller  Bearings  for  Steel  Mill  Cars  :  The  Steel  Indu.stry  Takes  a  Hand  in  the 
Rolling  Stock  Efficiency  Game — Interesting  Tests  by  Steel  Companies  on  Train 
Resistance.  Made  by  a  Dynamometer  Testing  Device — Results  of  Findings.* 
P.  B.  Liebermann.      (116)      Jure. 

Grinding  and  Milling  Work  (Pennsylvania  Railroad  Shops).*      (25)      June. 

Locomotive  Feed  Water  Heating.*      (25)      June;      (47)      July  20. 

Locomotive  Rod  Job.*      (25)      June. 

Milling   Machines   in    Railroad   Shops.*      Harvey   De  Witt  Wolcomb.       (25)      June. 

Santa  Fe  Double-Deck  Stock  Cars.*      (25)      June. 

Theory,    Practice  and  Results   of  FMel   Economy.      W.   P.   Hawkins.      (25)      June. 

Modern  High-Power  Locomotive  Economy  in  France.      (121      June  8. 

Rate  F^lndamentals  and  Tariff  Interpretation.      Sydney  A.  Hale.      (76)      July  3. 

Longitudinal   Sleepers  for  Railways  and  Tramways.      (12)      July   1.3. 

Design  of  a  Railway  Tank.*      (96)      July  19. 

Railway-Tunnel  Concrete  Softened  by  Locomotive  Gases.  Charles  A.  Newhall.  (13) 
June  21. 

The    Duplex    Locomotive    Stoker.*      (18)      June    23;      (25)      July;      (15)      July    13. 

Locomotive  and  Freight  Car  Capacities  and  Loads ;  Maintenance  Costs  of  Freight 
Cars  and  Freight  Locomotives  per  Ton-Mile ;  Cost  of  F^iel  for  Freight  Loco- 
motives  per  Ton-Mile,   for  Fiscal  Year   1916.      (18)      June  23. 

Pacific  and  Santa  Fe  Type  Locomotives  for  the  St.  Louis-San  Francisco  Ry.*  (18) 
June  23. 

Dragline  Eliminates  Haulage  Elquipment  on  Railroad  Work.*  W.  A.  Pillans.  (13) 
June  28. 

Double-Tracking  a  Railroad  Through  a  Mountain  Canyon.*      (46)      June  30. 

New  I'nion  Passenger  Station  at  Denver.*      (18)      June  30. 

Non-Telescoping  Car  for  the  Erie.*      (17)      June  30. 

Ventilation  of  the  Connaught  Tunnel,  Canadian  Pacific  Ry.*      (18)      June  30. 

Broad  Rails  vs.  Deep  Rails.*      George  H.  Barbour.      (58)      July. 

Conversion  of  Simple  Expansion  to  Compound  Locomotives  on  French  Railways.* 
(21)      July. 

Erie  Steel  Passenger  Equipment  for  Main  Line  Ser\-ice  :  Important  Features  are  Light 
Weight  and   Strength  of  the  Superstructure.*      (25)      July;      (18)      July   7. 

Graphic  Display  of  Individual  Daily  Fuel  Records.*  Hiram  J.  Slifcr.  (Abstract  of 
paper  presented  to  the  International  Ry.  Fuel  Assoc.)       (25)      July. 

History  of  the  Development  of  Rail  on  the  Baltimore  and  Ohio  Railroad.*  Earl 
Stimson.      (58)      July. 

*  Illustrated. 
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Railroads  -(Continued). 

Improved  I'op  X'alvc  for  Ijocomotives.*       (21)      July. 

Improving  Railroad   lioarding  Camps.*      (87)      July. 

MllliiiK  Machine  Practice  in  Railway  Shops.*      C.  A.  Shaffer.      (25)      July. 

Now    Power    for   Southern    Railway  :    4-8-2    Type   Weighs    314  800    Lb.,    2-10-2    Type 

370  (JOO    Lb.,    Tractive    Ktforts    47  800    and    71  000    Lb.,     Respectively.*      (25) 

July. 
Pennsylvania  Electric  Locomotive,  Experimental  Design  for  Heavy  Trunk  Line  Service 

to  Operate  Over  24  Miles  of  One  Per  Cent  Grade.*      (25)      July;      (18)      June 

23. 
P.  R.  R.  Decapod  Type  Locomotive,  Maximum  Cut-Off  Is  50  Per  Cent ;  Tractive  Effort 

80  640  Lb.  at  7  M.  P.  H.  ;   Boiler  Pressure  250  Lb.      (25)      July;      (18)      June 

23. 
Reducing  Settlement  in  New  Embankments.*      (87)      July. 
The  Safety  Appliance  Standards.*      Hiram  W.  Belnap.      (From  paper  read  before  the 

Cincinnati  Ry.  Club.)       (25)      July. 
Slack  Action   in   Long  Passenger  Trains.*      (Abstract  of  Report  presented  to  the  Air 

nrake  Assoc.)       (25)      July. 
Wooden  Stock  Cars  for  the  I.  C.  ;  Cars  Built  Largely  of  Wood  on  Account  of  the  High 

Price  of  Steel  and  Which  Have  Given  Good  Service.*      (25)      July. 
Freight  Car  Repair  Shop,  C.  C.  C.  &  St.  L.  Ry.,  Beech  Grove,  Ind.*      (18)      July  7. 
Handling  Locomotives  Using  Foamy  Boiler  Water.      L.  F.  Wilson.      (18)      July  7. 
Iiifluf-nce  of  Powdered  Fuel  on  Facility  of  Conducting  Transportation.*      (18)      July  7. 
The  Relation  of  Fixed  Wheelbase  to  Curve  Radius.*      E.  F.  McCaleb.      (18)      July  7. 
Dragline  Makes  Heavy  Railroad  Cut  Through  Cleveland.*      (13)      July  12. 
Heavier  Car  Loading  Is  Winning  Out.*       (15)      July  13. 
Increasing    the    Tonnage    of    Freight    Trains.      (Abstract    of    six    papers    received    in 

contest.)       (15)      July    13. 
Pennsylvania  Freight  House  at  Indianapolis.*      (15)      July  13. 
Report  of  University  of  Illinois  Fuel  Tests.*      (15)      July  13. 

Beginning  the  Freight  Business  Right :  The  Cleveland  Southwestern  &  Columbus  Rail- 
way Entered  upon  this   Branch  of  Transportation  in  a   Big  Way — Rates  Higher 

than  Those  Charged  by  Steam  Roads  Justified  by  Quick  Service — Co-operation  of 

Merchants  Made  Venture  Successful  from  the  Start.*      (17)      July  14. 
First   Automatic   1  200-Volt   Substation  :    The   Milwaukee    Electric   Railway   &      Light 

Company  has   Installed   Automatic  Equipment  in  an   Interurban   Line  Substation 

Which  Controls  Two  Rotary  Converters  Operating  in  Series.*      (17)      July  14. 
Safety  in  Handling  Cars  Containing  Explosives  or  Other  Dangerous  Articles.      W.  S. 

Topping.      (18)      July  14. 
The  Taxation  of  Steam  Railroad  Corporation  Property.      A.  I.  Totten.      (18)      July  14. 
Mechanics   of   the   Chilled   Iron   Wheel.      George   W.    Lyndon   and   F.   K.   Vial.      (20) 

July  19. 
Some    Constructive    Thoughts    on     Car     Interchange.      Samuel     G.     Thomson.      (IS) 

July   20. 
.Vutomatic  Train  Control.*      (12)      July  20. 
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i)i:Ti:XTION   KESERVOIRS  WITH  SPILLWAY  OUT- 
LETS AS  AN  AGENCY  IN  FLOOD  CONTROL 
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To  BE  Presented  October  17th,  1917. 


1. — Synopsis. 
The  writer's  attention  was  particularly  drawn  to  a  possible  working 
relationship  between  reservoir  and  spillway,  as  hereinafter  set  forth, 
by  his  study  of  the  detention  reservoir  system  while  acting  as  consult- 
ing engineer  to  the  Miami  Conservancy  District  on  certain  occasions 
during  the  30  months  prior  to  the  adoption  of  the  Official  Plan  for 
flood  protection  in  that  district.  He  became  convinced  that  applica- 
tions of  the  detention  principle  were  by  no  means  exhausted  in  the 
Miami  system,  elaborate  and  well-considered  as  it  is,  but  that  there  is 
r.  wider  scope  to  its  utility  than  even  that  notable  example  would  indi- 
cate. The  purpose  of  this  paper  is  to  inquire  how  far,  and  by  what 
means,  the  detention  principle  may  be  made  to  harmonize  the  conflict- 
ing conditions,  in  reservoir  development,  between  flood  control  and 
storage  for  industrial  or  other  use.  It  is  generally  conceded  that  flood 
control  of  itself  will  not  justify  a  very  wide  reservoir  development, 
imd  that  such  justification  must  be  sought  in  storage  for  use.  It  is 
further  generally  recognized  that  flood  control  and  storage  for  use  are 

Note. — These  papers  are  Issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,   with   discussion    in    full,    will   be   published    in    Tiansactions. 
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essentially  antagonistic  purposes  which  make  impossible  a  reliable 
utilization  of  the  same  reservoir  space  for  both.  In  spite  of  these 
adverse  conditions,  however,  there  is  a  sub-conscious  feeling  among 
engineers  that  two  such  important  purposes  ought  to  be  brought  int« 
more  harmonious  relations.  In  line  with  this  sentiment  the  writer 
will  endeavor  in  this  paper  to  indicate  a  method  by  which  this  most 
desirable  end  can  be  at  least  partly,  if  not  wholly,  attained. 

In  view  of  the  widespread  interest  in  the  question  of  flood  control 
which  has  developed  during  the  past  few  years,  it  is  hoped  that  mem- 
bers of  the  Society,  and  others  as  well,  who  share  this  interest,  will 
contribute  from  their  experience  or  study  to  a  further  elucidation  of 
the  subject.  A  consensus  of  well-considered  opinions,  by  men  profes- 
sionally qualified,  cannot  fail  to  be  of  public  value. 


2. — Detention  Eeservoirs:    Definition  and  Terminology. 

A  detention  reservoir  is  one  formed  by  a  natural  or  artificial  en- 
gorgement in  the  valley  of  a  stream  whereby  the  volume  of  water 
which  may  pass  for  a  given  depth  in  a  given  time  is  strictly  limited. 
The  surplus  which  cannot  thus  pass  in  time  of  heavy  flow  accumulates 
in  the  basin  above  the  engorgement  and  flows  out  as  the  inflow 
decreases.  The  function  is  purely  automatic,  human  control  being 
wholly  eliminated.  The  efl^ect  is  to  prolong  the  period  in  which  an 
excessive  run-off  passes  the  point  of  engorgement  and  to  reduce  propor- 
tionally the  rate  of  discharge  in  the  valley  immediately  below. 

The  engorgement  may  be  produced  in  a  variety  of  ways,  as  by  the 
contraction  of  a  natural  chasm,  by  the  construction  of  a  dam  with  one 
or  more  conduits  through  the  base,  or  by  the  construction  of  a  dam 
with  a  spillway  at  some  level  above  the  base.  In  the  first  two  cases  the 
accumulated  excess  flows  out  entirely  after  the  flood  is  past  and  the 
basin  above  is  left  empty.  In  the  third  case  there  will  remain  a  body 
of  water  in  the  basin  after  the  spillway  has  performed  its  alloted  func- 
tion. Although  the  first  two  types  will  be  referred  to  frequently  in 
this  paper,  only  the  third  will  be  given  special  consideration,  as  it  is 
the  type  which  seems  to  be  adaptable  in  some  degree  to  the  compro- 
mise of  conflict  referred  to  in  Section  1  of  this  paper. 

A  brief  reference  to  the  terminology  of  the  subject  may  properly  be 
made  at  this  point.      The  terms   "detention  reservoir"  or   '^detention 
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basin",  ''retarding  basin",  ''restraining  reservoir",  "impeding  reservoir", 
have  been  used  in  official  discussions  of  the  subject.  There  is  one  defect 
connnon  to  all  these  terms,  except  possibly  the  third,  and  that  is  this — 
tlu-y  do  not  suggest  the  end  for  which  the  system  is  designed,  but  only 
the  moans  of  attaining  that  end.  Reduction  of  flood  discharge  is  the 
great  desideratum,  but  there  is  no  hint  of  this  in  three  of  the  foregoing 
terms.  Tlu>  terms  "reduction"  or  "restriction"  would  be  more  appro- 
priate, but  there  is  something  about  these  words  that  does  not  appeal 
to  the  ear.  The  term  "restraining"  carries  a  suggestion  of  both  end 
and  means,  is  in  itself  an  agreeable  descriptive,  and  perhaps  fills  all  the 
requirements  better  than  any  other  term  that  could  be  selected.  Com- 
mon use,  however,  is  the  final  arbiter  of  all  questions  of  this  sort,  and, 
on  this  basis,  "detention  reservoir"  has  the  lead,  notwithstanding  the 
great  prominence  given  to  "retarding  basin"  by  its  use  in  the  Ofiicial 
Plan  of  the  Miami  Conservancy  District.  As  between  "basin"  and 
"reservoir",  the  writer  distinctly  prefers  the  latter,  except  in  those 
cases  where  the  basin  itself  and  not  its  content  is  specifically  referred 
to.  As  the  agencies  herein  discussed  are  in  the  most  literal  sense 
reservoirs,  "detention  reservoir"  is  definitely  adopted  in  this  paper. 

The  term  "dry  reservoir"  appeals  to  the  writer  as  a  most  happy 
descriptive  of  that  particular  type  of  detention  reservoir  in  which  the 
detained  excess  of  run-off  runs  out  soon  after  the  crisis  of  the  flood, 
leaving  the  basin  above  the  engorgement  empty  or  dry.  The  original 
detention  reservoir  formed  by  the  Digue  de  Pinay  in  France  more  than 
two  centuries  ago  was  of  this  type,  as  are  also  to  be  all  the  units  of  the 
Miami  system. 

3. — The  Spillway:    Definition  and  Description. 

In  its  ordinary  use  the  spillway  is  a  device  for  conveying,  over  or 
through  the  crest  of  a  dam,  the  surplus  inflow  from  above  in  such  a 
,  way  as  not  to  endanger  the  integrity  of  the  dam.  Its  purpose  is  nega- 
tive rather  than  positive.  It  plays  no  active  part  in  the  dynamic 
functions  of  the  dam,  as  a  penstock  and  other  appurtenances  do,  but 
simply  stands  guard  to  see  that  the  dam  shall  not  be  wrecked  by  any 
inflow  in  excess  of  that  which  its  purpose  of  utility  requires. 

The  successful  operation  of  the  spillway  requires  that  it  satisfy 
tliree  vital  conditions.  It  must  have  sufficient  capacity  to  prevent 
loverflow  of  the  dam,  because  such  overflow  is  always  dangerous,  and, 
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in  the  case  of  earthen  dams,  fatal  unless  promptly  checked.  The  spill- 
way must  have  sufficient  structural  resistance  to  withstand  the  tre- 
mendous strain  of  deep  overflow.  Means  must  also  be  provided  at  the 
point  where  the  overflow  strikes  the  level  of  the  stream  below  to  neu- 
tralize the  energy  develox)ed  in  its  fall  without  danger  of  undermining 
the  dam.  Inadequate  satisfaction  of  these  conditions  is  more  common 
than  the  Engineering  Profession  likes  to  admit,  and  Professor  Mead 
very  properly  says*  that  "perhaps  there  has  been  no  more  frequent 
cause  of  the  failure  of  dams  than  inadequate  spillways." 

Inasmuch  as  the  spillway  requires  a  certain  depth  of  overflow  to 
be  effective,  and  as  it  sometimes  happens  that  the  restdting  elevation 
of  water  surface  above  the  dam  may  be  objectionable,  the  escape 
of  water  in  such  cases  may  be  accelerated  by  the  use  of  sluice- 
ways, movable  gates,  flash-boards,  and  similar  devices,  all  of  which  are 
under  direct  control.  These  serve  the  primary  purpose  of  the  spillway 
in  facilitating  the  escape  of  surplus  water,  but  lack  the  automatic 
character  which  is  a  distinctive  feature  of  the  true  spillway. 

The  writer  has  defined  the  spillway,  in  the  common  acceptation  of 
the  term,  as  a  safety  device  pure  and  simple.  In  the  following  discus- 
sion he  will  treat  of  it  under  a  somewhat  broader  conception — one 
based  not  at  all,  or  at  least  only  incidentally,  on  the  negative  considera- 
tion of  safety,  but  on  positive  considerations  of  utility.  It  will  fulfill 
a  vital  function  in  the  purpose  of  the  dam  as  an  agency  of  flood  control. 
and  will  be  a  direct  means  of  extending  the  application  of  the  deten- 
tion principle  to  cases  heretofore  considered  of  doubtful  feasibility. 

4. — Elements  of  Control. 

As  a  preliminary  to  this  section,  it  may  be  observed  that  the  com- 
bined function  of  dam  and  spillway  which  denotes  the  true  detention 
principle  is  universally  exemplified  in  Nature.  In  almost  infinite 
combination  its  elements  of  control  may  be  found  in  actual  operation. 
Every  lake  or  pond  which  has  an  outlet  is  a  case  in  point.  Fig.  1 
exhibits  in  graphic  form  the  effect  of  Lake  Kachess,  "Washington,  in 
reducing  the  flow  of  the  Kachess  River  in  the  great  flood  of  November, 
1906.t     It    will   be   noted   that,    as   the   run-off   from    the   water-shed 

»  "Water  Power  Engineering,"  edition  of  1915,  p.  612. 

t  For  the  data  on  which  this  diagram  is  based  the  writer  is  indebted  to  G.  L. 
Parker,  Assoc.  M.  Am.  Soc.  C.  E.,  District  Engineer  for  the  State  of  Washington. 
Hydrographic  Branch,  U.  S.  Geological  Survey. 
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DIAGRAM  SHOWING  THE   MODERATING   EFFECT  OF  LAKE  KA 
WASHINGTON.  ON  THE  FLOOD  OF  NOVEMBER,   1906 
IN  THE  KACHESS  RIVER. 
a.-Run-off  from  water-shed,  or  inflow  into  lake,  in  second-feet.  Algebraic  sur 
b- Storage  in  lake,  in  second- feet, 
c- Measured  outflow  of  lake,  in  second- feet. 
c7 -Gauge  height  of  lake,  in  feet. 

Area  of  lake  increases,  for  a  rise  of  6  ft.,  from  about  3  600  to  about  3  840  acr 
Area  of  water-shed  tributary  to  lake,  about  40  000  acres. 
Reduction  of. flood  discharge  in  passing  through  lake,  TO  per  cent. 
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(inflow  into  the  lake)  begins  to  exceed  the  capacity  of  the  outlet,  the 
surplus  accumulates  in  the  reservoir,  causing  a  rise  in  surface  level 
and  a  consequent  increase  in  outflow.  This  process  continues  until 
outflow  balances  inflow,  at  which  point  tlie  curve  of  outflow,  and  the 
reservoir  level,  reach  their  maximum  elevation,  the  curves  of  inflow 
and  outflow  cross  each  other,  and  the  curve  of  storage  passes  through 
zero.  The  inflow  curve  always  reaches  its  crest  and  is  on  the  decline 
before  it  is  overhauled  by  the  rising  outflow  curve.  The  difference  in 
time  between  the  two  crests  varies  greatly  in  different  reservoirs  for 
similar  freshet  conditions,  and  in  the  same  reservoir  for  different 
freshet  conditions.  The  net  result,  however,  is  in  every  case  a  temporary 
detention  of  a  portion  of  the  flood  wave  in  the  reservoir,  a  prolonga- 
tion of  the  period  of  outflow,  as  compared  with  that  of  inflow,  and  a  con- 
sequent reduction  in  the  rate  of  discharge  as  the  freshet  passes  through 
the  reservoir. 

The  example  of  Lake  Kachess  is.  fairly  typical,  but  Nature  presents 
all  degrees  of  control,  from  that  which  is  practically  complete  to  that 
which  is  practically  negligible.  Lake  Superior  stands  at  one  extreme. 
So  great  is  its  area  that  the  increment  or  decrement  of  outflow,  com- 
Ijared  with  the  corresponding  increment  or  decrement  of  storage,  for 
any  rise  or  fall  in  the  lake  level,  is  quite  insignificant.  Variations  of 
inflow  are  almost  wholly  compensated  in  storage,  and  the  discharge  of 
the  outlet  never  varies  by  more  than  a  small  percentage  from  its  mean 
value.  The  phenomena  of  high  and  low  water,  so  characteristic  of 
ordinary  streams,  are  here  entirely  absent. 

At  the  opposite  pole  from  Lake  Superior  may  be  cited  those  natural 
widenings  of  channels  occasionally  found  in  some  of  our  larger  streams, 
and  which  have  very  slight  storage  capacity  compared  with  the  volume 
of  water  passing  through  them.  The  increment  of  storage  in  such 
cases  is  very  small,  as  compared  with  the  increment  for  the  outflow 
of  a  given  rise,  and  little  regulative  effect  is  experienced  by  a  flood 
wave  during  its  passage. 

It  is  manifest  that  the  moderating  effect  of  detention  reservoirs, 
whether  natural  or  artificial,  is  the  combined  result  of  three  co-oper- 
ating factors,  two  of  which  are,  or  may  be  made,  subject  to  artificial 
control,  but  the  third  is  not.  These  are  the  storage  capacity  of  the 
reservoir  per  unit  depth  at  any  level,  the  spillway  capacity  per  imit 
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length,  and  tlie  duration  of  the  flood  wave.*  In  perfectly  general 
terms,  this  moderating  effect  increases  with  the  area  of  the  reservoir 
and  diminishes  as  the  length  of  the  spillway,  or  the  duration  of  the 
freshet,  increases;  but  these  variations  in  result  never  follow  in  exact 
ratio  the  variations  in  the  factors  which  produce  them.  In  some 
conditions  the  correspondence  is  close,  in  others  it  is  widely  divergent. 

Assume  lirst  fixed  conditions  as  to  spillway  length,  and  as  to  dura- 
tion and  volume  of  flood  wave  or  inflow  into  the  reservoir.  The  mod- 
erating efl^ect  of  the  reservoir  would  increase  wilsh  an  increase  of  area, 
but,  as  a  rule,  in  slightlj^  greater  ratio.  For  example,  with  an  area 
in  one  case  twice  as  great  as  in  another,  the  same  quantity  of  storage 
would  raise  the  larger  surface  half  as  much  as  it  would  the  smaller, 
if  tlie  outflow  in  both  cases  was  the  same;  but  the  outflow  would  not 
be  the  same.  The  flow  over  a  spillway  increases  in  faster  ratio  than  the 
depth — generally  much  faster — and  to  cut  off  half  the  depth  from  the 
top  would  reduce  the  outflow  by  more  than  half.  This  is  slightly 
compensated,  however,  in  increased  storage  and  elevation  of  surface 
due  to  restricted  outflow;  but,  unless  the  spillway  is  relatively  large, 
this  effect  would  be  small,  and  the  reduction  of  outflow  would  remain 
more  than  half. 

With  fixed  conditions  as  to  area,  volume,  and  duration  of  flood  wave, 
the  regulative  effect  will  diminish  with  an  increase  in  length  of  spill- 
way, but  in  somewhat  less  ratio,  because  the  greater  outflow  will  dimin- 
ish the  height  to  which  the  reservoir  surface  will  rise  and  consequently 
the  outflow  per  unit  length  of  spillway.  Thus,  if  the  spillway  were 
doubled  in  length,  the  outflow,  with  fixed  conditions  as  to  the  other 
factors,  would  be  something  less  than  doubled. 

Much  more  difficult  to  follow  than  either  of  the  foregoing  cases 
is  the  effect  of  variations  in  the  time  factor,  or  the  duration  of 
inflow  into  the  reservoir.  It  can  only  be  stated,  as  a  general  proposi- 
tion, that  the  regulative  effect  on  the  flood  wave  of  given  volume  is 
greater  as  its  duration  is  less ;  but  there  are  so  many  qualifying  condi- 
tions— as,  for  example,  the  relative  size  of  spillway  and  the  distribu- 
tion of  inflow  during  the  freshet  period — that  no  conclusion  of  general 
applicability  seems  possible. 

•  In  this  discussion  it  is  assumed  that  the  capacity  of  a  reservoir  per  unit  depth  at 
any  level  is  the  same  as  the  area  for  that  level ;  and  that  the  capacity  of  the  spillway 
for  any  depth  varies  directly  with  its  length.  Variations  in  these  capacities,  there- 
fore, may  be  expressed  in  terms  of  variations  in  area  and  length,  respectively. 
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Indeed,  the  whole  problem  of  the  inter-relation  of  these  several 
factors  seems  to  be  too  complicated  to  be  expressed  in  any  general 
formula  which  will  embrace  them  all,  and  it  seems  destined  to  remain 
simply  a  problem  in  "particular  cases" — the  making  of  specific  assump- 
tions, and  the  determination  of  each  group  by  itself.  That  is  what 
would  be  done  in  practice  anyway,  but  it  would  be  a  satisfaction,  never- 
theless, to  have  a  general  formula. 

5. — Prevalence  of  the  Reservoir  Idea. 

In  passing  from  the  general  principles  just  discussed  to  their  spe- 
cific application,  it  may  be  stated  at  the  outset  that  there  is  a  deep- 
seated  belief  in  the  lay  mind,  and  to  a  less  extent  in  the  mind  of  the 
expert,  that  in  reservoirs  is  to  be  found  the  solution  of  the  flood  prob- 
lem. As  the  writer  stated  some  20  years  ago*:  "To  store  the  surplus 
water  in  the  flood  season  and  use  it  in  the  season  of  drought  ought, 
apparently,  to  strike  at  the  root  of  the  whole  difficulty.  *  *  *  Why 
so  obvious  a  remedy  has  never  yet  been  extensively  applied,"  the  writer 
at  that  time  traced  to  a  prohibitory  disproportion  between  cost  and 
resulting  benefits.  Although  this  is  true,  as  a  broad  generalization,  it 
will  be  more  useful  to  the  student  of  these  questions  to  give  some  of 
the  specific  details  on  wliich  the  generalization  rests.  They  may  be 
summarized  briefly  as  follows : 

Deficiency  of  Sites. — This  sometimes  arises  from  an  actual  absence 
of  physical  sites,  but  more  often  from  the  lack  of  those  which  are  eco- 
nomically feasible.  Along  the  main  valleys  of  the  lower  Ohio,  Mis- 
souri, and  Mississippi  there  are  no  sites  whatever  into  which  the  main 
streams  could  be  poured,  except  possibly  to  a  small  extent  the  overflow 
basins  along  the  Mississippi.  On  the  other  hand,  on  almost  any  of  tte 
upper  tributaries  may  be  found  physically  practicable  sites  of  sufficient 
capacity,  if  properly  developed,  to  insure  effective  flood  control.  To- 
day, however,  many  of  these  sites  are  crossed  by  important  railway 
systems  which  cannot  be  well  re-located,  or  are  occupied  by  villages 
and  cities,  rich  and  highly  developed  farms,  mineral  properties,  etc., 
and,  of  course,  almost  all  are  traversed  by  public  highways.  It  thus 
results  that  the  occupancy  of  such  sites  for  reservoir  purposes,  though 
physically  practicable,  is  often  economically  prohibitory. 

*  "Reservoir  Sites  in  Wyoming  and  Colorado",  House  Doc.  141,  55tti  Cong.,  2d 
Sess.,  p.  32. 
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As  a  flood  control  measure,  piire  and  simple,  a  reservoir  may  be 
only  0-  trade-off,  with  the  balance  sheet  against  it.  To  quote  again 
I'rum  tlio  writer's  early  reservoir  report  (p.  46)  : 

"Floods  are  only  occasional  calamities  at  worst.  Probably  on  the 
majority  of  streams  destructive  floods  do  not  occur,  on  the  average, 
oftoner  than  once  in  five  years.  Every  reservoir  built  for  the  pur- 
poses of  flood  protection  alone  would  mean  the  dedication  of  so  much 
bind  to  a  condition  of  permanent  overflow  in  order  that  three  or  four 
times  as  much  might  be  redeemed  from  occasional  overflow.  One 
acre  permanently  inundated  to  rescue  three  or  four  acres  from  inunda- 
tion of  a  few  weeks  once  in  three  or  four  years,  and  this  at  a  great 
cost,  could  not  be  considered  a  wise  proceeding,  no  matter  how  prac- 
ticable it  might  be  from  engineering  considerations  alone." 

Of  course,  there  are  other  considerations  of  a  different  character 
than  mere  overflow  of  bottom-lands  which  weigh  on  the  other  side  of 
the  balance.  Moreover,  tlie  "dry"  reservoir  quite  obviates  the  special 
objection  of  permanent  overflow. 

As  a  rule,  reservoirs  are  practicable  only  on  comparatively  small 
streams;  almost  never,  as  already  pointed  out,  on  trunk  streams  of 
great  magnitude.  As  floods  in  the  trunk  streams  are  invariably  the 
result  of  tributary  accessions,  and  as  the  magnitude  of  such  floods  is 
enhanced  by  the  synchronous  arrival  of  tributary  flood  peaks,  any 
disturbance  of  the  rate  or  duration  of  tributary  flow  might  have  an 
adverse  effect  on  the  combination.  Ordinarily,  the  reduction  of  a 
peak  on  a  regulated  tributary  would  more  than  offset  such  occasional 
adverse  eft'ect.  Nevertheless,  an  aggravation  of  natural  conditions  is  a 
possibility.     This  matter  will  receive  further  consideration  later. 

The  effect  of  reduction  of  a  flood  peak  on  a  small  tributary  dimin- 
ishes rapidly  with  the  distance  down  stream,  as  other  tributaries  come 
in.  and  amounts  to  little  or  nothing  when  it  reaches  the  lower  course 
of  a  large  river.  Even  so  extensive  a  system  as  that  of  the  upper 
^lississippi  produces  no  appreciable  effect  below  the  mouth  of  the 
Missouri. 

Economic  considerations,  as  already  indicated,  are  on  the  whole 
adverse  to  anj-  general  development  of  the  reservoir  system  for  flood 
control  alone.  Industrial  or  other  use  is  generally  necessary  to  justify 
the  cost.  Flood  control  and  industrial  use,  however,  conflict  with  each 
other  to  a  certain  extent,  as  hinted  in  Section  1  of  this  paper,  and  as 
will  be  more  fully  explained  in  Section  6. 
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That  the  drawbacks  just  mentioned  are  not  at  all  imaginary,  but 
are  very  real  and  of  wide  application,  is  abundantly  proved  by  the 
paucity  of  examples  of  reservoirs  built  for  the  primary  purpose  of  flood 
control.  There  has  developed  in  the  Engineering  Profession  a  feeling 
somewhat  akin  to  pessimism  on  the  subject,  and  this  has  been  aggra- 
vated by  the  ill-considered  advocacy  of  certain  visionary  projects  which 
has  cast  doubt,  if  not  ridicule,  on  the  fundamental  princii^le  itself; 
but  there  is  clearly  a  middle  ground.  If  reservoirs  alone  can  never 
solve  the  flood  problem  on  all  our  streams — and  they  certainly  cannot — 
they  may  probably  do  more  than  most  of  us  in  recent  years  have  believed 
to  be  possible.  Omitting  those  rare  and  extraordinary  sites,  rela- 
tively few  in  number,  where  dams  built  at  slight  expense,  or  at  an 
expense  justified  by  some  special  purpose,  may  control  the  greatest 
possible  floods,  and  omitting  also  those  situations  where  the  dry  reser- 
voir is  the  most  practicable  type,  there  remains  an  intermediate  zone 
of  great  extent  in  which  flood  control  and  industrial  or  other  use  are 
competing  and  more  or  less  conflicting  purposes.  If  something  can  be 
done  to  make  possible  the  common  service  of  these  conflicting  purposes 
in  future  reservoir  construction,  the  scope  of  flood  control  by  means 
of  reservoirs  may  be  very  greatly  extended.  Whether  or  not,  and  to 
what  extent,  this  may  be  done  will  be  our  next  inquiry. 

6. — Conflict  and  Compromise. 

In  Paragraph  41  of  a  paper  entitled  "Flood  Control"*,  written  in 
the  summer  of  1915,  the  writer  has  succinctly  stated  the  nature  of  this 
conflict. 

"If  storms  could  be  foreseen,  both  in  date  and  intensity,  this  con- 
flict could  be  compromised.  But  as  they  cannot  be  foreseen,  and  as 
experience  shows  that  precipitation  of  one  season  may  be  several  times 
greater  or  less  than  that  of  another,  it  becomes  important,  for  storage 
purposes,  to  fill  the  reservoirs  as  soon  as  possible  so  as  to  be  sure  of  a 
supply;  while,  for  flood  control,  it  is  important  to  reserve  ample  space 
in  them  until  the  season  of  storms  is  safely  past.  The  two  purposes 
are  thus  essentially  antagonistic." 

The  Ohio  Valley  Flood  Board  sets  forth  the  same  idea  in  its  report 
of  August  31st,  1916.f    It  says: 

*  Read  before  the  luternational  Engineering  Congress  in  San  Francisco,  September 
24th,  1915,  and  published  in  the  7'ransactiovs  of  the  Congress  and  reprinted  as  Docu- 
ment 2,  House  Committee  on  Flood  Control,  64th  Cong.,  1st  Sess. 

t  House  Doc.  1792,  64th  Cong.,  1st  Sess.,  p.  31,  par.  56. 
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"If,  however,  a  system  of  reservoirs  sliould  bo  built  for  power  pur- 
poses, tliey  could  not,  even  by  hypothesis,  be  used  for  the  prevention  of 
floods.  Power  development  requires  that  the  discharge  shall  be  fairly 
uniform,  and  shall  not  fall  below  a  fixed  minimum,  and  also  that  the 
available  head  of  water  shall  not  fall  below  a  fixed  minimum.  *  *  * 
RefTularity  of  flow  is  so  imi)ortant  to  them  that  whenever  water  is  to  be 
had  they  will  certainly  fill  up  the  reservoir  as  far  as  they  can,  so  as 
to  provide  for  the  times  of  small  natural  discharge.  This  is  the  proper 
way  to  manage  power  reservoirs,  and  it  is  idle  to  suppose  that  com- 
panies which  have  spent  money  for  them  are  going  to  manage  them 
otherwise." 

The  State  "Water  Problems  Conference,  recently  authorized  by  the 
Legislature  of  California,  refers  to  this  matter  as  follows*: 

''In  connection  with  this  subject  careful  consideration  must  be  given 
to  the  antagonistic  interests  of  flood  control,  irrigation  and  hydro- 
electric power  in  connection  with  the  storing  of  water  and  its  use.  A 
reservoir  for  highest  economic  efficiency  in  flood  control  should  be  kept 
empty  until  actual  flood;  it  would  then  be  filled  by  the  first  flood,  and 
gradually  emptied  after  that  flood  had  subsided  in  order  to  give  storage 
for  another  flood.  That  same  reservoir,  if  used  for  power  or  irrigation, 
would,  on  the  contrary,  be  filled  as  soon  as  possible — before  actual 
flood,  if  conditions  permitted — and  kept  fnll,  lest  there  should  not  be 
a  subsequent  flood  to  fill  it.  Such  a  reservoir  so  used  could  not  be 
considered,  therefore,  as  more  than  a  partial  factor  in  flood  control." 

The  Special  Committee  on  Floods  and  Flood  Prevention,  American 
Society  of  Civil  Engineers,  says  in  this  connectionf: 

'Tf  a  reservoir  is  to  be  utilized  to  diminish  floods,  it  is  essential 
that  it  be  empty  when  a  heavy  rain  occurs.  If  to  increase  the  low- 
water  discharge  of  a  river,  it  must  be  full  when  the  rainy  season  ceases. 
To  insure  the  first  condition,  it  is  necessary  to  empty  the  reservoir 
after  every  storm,  to  obtain  space  to  store  the  discharge  of  the  one 
following.  To  insure  the  second,  it  is  necessary  to  close  the  outlets 
of  the  reservoir  at  relatively  low  stages,  and  when  it  is  once  filled,  not 
I)ermit  the  surplus  water  to  escape  until  the  river  falls  to  the  stage 
when  the  stored  water  is  required  for  navigation." 

The  Official  Plan  of  the  Miami  Conservancy  District  states  the 
case  very  briefly  as  follows:}: : 

"The  construction  of  permanent  reservoirs  for  combined  flood  pre- 
vention  and   power   purposes   was   found   not  to   be   feasible,   because 

•  Report  of  November  25th,  1916,  par.  262,  small  pp.  85-86. 

t  Prorce(/i)i(7S,  Am.  Soc.  C.  E.,  December,  1915,  p.  2777.  •    ■ 

t  Report  of  Chief  Engineer,  February  29th,  1916,  p.  84. 
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the  same  storage  space  cannot  at  the  same  time  be  used  for  storing 
water  for  power  production,  and  be  kept  unoccupied  and  available  for 
storing  water  in  time  of  flood." 

These  expressions  of  opinion  (and  they  might  be  extended  indefi- 
nitely) indicate  a  well-defined  conviction  on  the  part  of  engineers 
that  flood  control  and  storage  for  use  are,  as  has  been  repeatedly 
stated,  "essentially  antagonistic  purposes."  This  is,  indeed,  perfectly 
true  if  we  impose  one  condition,  which  is  generally  implied  rather 
than  clearly  specified,  that  the  use  of  the  same  storage  space  for  both 
purposes  is  intended.  The  last  citation  given  does  clearly  so  state  it. 
Under  this  condition  no  safe  reliance  can  be  placed  on  joint  use.  It 
might  work  in  some  cases;  it  will  always  have  at  least  a  slight  favor- 
able influence;  but  contingencies  might  at  any  time  arise  when  such 
effect  would  be  practicably  negligible,  and  the  reservoir  be  wholly  in- 
effectual as  a  flood  regulator.  The  question  is  not  that  of  joint  use  of 
the  same  identical  reservoir  space,  but  that  of  having  space  for  each 
purpose  in  addition  to  that  required  by  the  other.  This,  in  fact,  is  the 
crux  of  the  physical  problem. 

The  possibility  of  securing  space  on  the  same  site  for  both  purposes 
is  occasionally  referred  to  in  current  discussions  of  flood  control  prob- 
lems, but  thus  far  without  specification  of  details.  The  Official  Plan  of 
the  Miami  Conservancy  District,  for  example,  in  the  paragraph  just 
quoted  from,  makes  this  brief  reference  to  the  subject : 

"Only  by  creating  storage  space  additional  to  that  necessary  for 
holding  flood  waters,  can  power  development  and  flood  control  be  pro- 
vided for  at  the  same  time.  In  Europe  such  combinations  have  fre- 
quently worked  out  to  advantage." 

Morris  Knowles,  M.  Am.  Soc.  C.  E.,  in  his  Minority  Eeport  to  the 
report  of  the  Special  Committee  of  this  Society  on  Floods  and  Flood 
Prevention*,  says: 

"It  is  evident,  however,  that  such  reduced  efficiency  for  a  combina- 
tion of  purposes  does  have  some  value,  and  the  maximum  efficiency  for 
each  purpose  can  be  obtained  by  increasing  the  capacity  sufficiently.'' 

Farley  Gannett,  Assoc.   M.  Am.   Soc.   C.  E.,  discussing  the  same  i 
report,  puts  the  whole  case  very  clearly  thusf : 

*  Proceedings,  Am.  Soc.  C.  E.,  December,  1915,  p.  2785. 
j  Proceedings,  Am.  Soc.  C.  E.,  September,  1916,  p.  1275. 
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"VVitli  few  exceptions,  storage  in  the  upper  i)art  of  a  reservoir  is 
tlie  cheapest,  so  that,  by  increasing  the  height  of  dams  erected  for 
otlier  purposes  to  a  height  greater  than  necessary  for  that  primary  pur- 
pose, the  necessarj'  storage  for  flood  absorption  will  be  obtained  at 
more  reasonable  cost  than  if  a  dam  or  reservoir  is  built  only  for  flood 
control." 

And,  later,  on  the  same  page  he  says : 

"For  these  reasons  the  writer  believes  that  real  widespread  Hood 
control  through  reservoir  construction  and  storage  will  be  brought 
about  by  the  construction  of  reservoirs  principally  for  other  utilization 
purposes,  such  as  water  supply,  water  power,  industrial  use,  naviga- 
tion, irrigation,  and  for  esthetic  purposes,  such  as  park  lakes,  improve- 
ment, sanitation,  etc." 

This  general  idea  of  the  combined  use  of  a  reservoir  site  for  flood 
control  and  other  purposes  is  characterized  by  the  Ohio  Valley  Flood 
Board  as  the  superposition  of  one  reservoir  upon  another,  and  is 
referred  to  rather  skeptically  as  follows* : 

"For  example  (as  has  been  sometimes  proposed)  a  reservoir  for 
flood  prevention  might  be  superposed  on  one  for  power  development. 
But  this  would  amount  to  having  two  reservoirs,  since  the  upper  part 
would  have  to  be  managed  without  reference  to  the  lower  part.  Also, 
since  the  acreage  overflowed  increases  rapidly  with  the  height  of  the 
water,  and  the  cost  of  the  dam  varies  roughly  with  the  square  of  the 
height,  there  would  probably  be  no  economy  in  the  combination.  Such 
superposition  would  therefore  have  to  be  justified  by  special  conditions 
and  each  case  be  worked  out  on  its  own  merit." 

Likewise,  the  report  of  the  Water  Problems  Conference  of  California 
(par.  264)  refers  to  this  subject  in  not  very  approving  terms: 

"Speaking  generally,  the  same  site  could  be  used  for  flood  control 
as  well  as  for  the  other  purposes  named  only  by  increasing  the  height 
of  the  dam,  and  having  in  effect  two  reservoirs,  the  top  one  for  flood 
control  to  be  filled  and  emptied  with  the  coming  and  going  of  the  flood, 
and  the  lower  one  to  be  filled  as  soon  as  possible  and  kept  full  as 
long  as  possible  to  supply  water  when  needed.  Such  double  construc- 
tion adds  materially  to  the  cost,  even  if  other  conditions  are  favorable, 
and  it  must  assume  public  control  for  proper  use  of  the  flood  control 
I>ortion  of  the  reservoir." 

The  writer  would  bespeak  for  the  idea  thus  doubtfully  referred  to 
in  the  last  two  citations  a  more  thorougli  and  friendly  consideration 
than  has  yet  been  given  it.     May  not  the  superposition  of  one  reservoir 

*  Flood  Board  Report,  par.  77,  p.  35. 
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xiix^u  another,  ooutiiiu  important  ix>s$ibilities  aftox  alH  The  two 
reservoirs,  or  reservoir  sl^aces.  would  be  of  distinct  types  and  for  dis- 
tinct purposes — iliat  below  for  storage,  and  subject  to  direct  suvx^rvision. 
tliat  above  for  tlood  control,  and  entirely  automatic  in  action.  The 
outlet  of  the  upjx'r  reservoir  would  not  be  thr«.>uirh  conduits,  as  in  the 
Miami  type,  but  throxigh  an  open  spillway-.  Of  course,  in  outward 
appearauoe,  tlie  two  reservoirs  wotUd  be  one,  with  a  single  dam  and  a 
single  basin  above. 

It  will  conduce  to  a  clearer  presentation  of  the  subject  if  we  assimie 
what  maj-  be  called  an  ideal  example,  setting  fortli  its  possible  develop- 
ment on  the  fore^-»ing  line*,  and  tlien  noting  the  qualifying  condition? 
which  must  often  interfere  with  such  development,  and  compel  its 
abandonment  or  the  acceptance  of  something  less  than  the  hicrhest 

a 
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DIAGRAM  ILLUSTRATING  "IDEAL"  COMBINATION  OF  RESERVOIT?  USES. 

Fig.  2. 

result.  Suppose  (Fig.  i?)  that  there  exists  a  practicable  reservoir  site 
in  the  valley  of  an  important  stream :  that  industrial  and  other  \ises  in 
the  valley  can  profitably  utilize  all  tlie  flow  of  the  stream  ^rhich  could 
be  made  available;  and  that  fiood  conditions  in  the  valley  are  such  as 
to  justify  extensive  measures  of  relief.  Let  it  be  assiuned  that  public 
authority,  State  or  Federal,  has  been  given  the  right  to  supervise  reser- 
voir construction,  and  to  see  tliat  it  is  planned,  if  desirable,  so  as  t^ 
serve  all  the  purposes  of  which  the  development  is  capable. 

The  first  consideration  would  be  the  requirements  of  use.  It  woxild 
be  necessary  to  determine  a  storage  capacity  sufficient  to  equalize  the 
flow  of  the  stream,  at  least  to  its  mean  annual  volume.  It  might  indeed 
be  very  useful  to  do  more  than  this,  and  make  the  excessive  run-ofF  of 
some  yeairs  ofiset  the  deficiency  of  others.  If  it  were  planned  to  put  in 
a  power  plant  immediately  at  the  base  of  the  dam,  or  at  least  where 
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It  could  utilize  the  hoad  created  hy  tliat  .structure,  it  might  be  of 
advantage  to  make  the  dam  permanently  tight  to  a  considerable  eleva- 
tion. This  would  insure  a  minimum  head  to  be  relied  on  at  all  tim<^r3, 
and  would  greatly  reduce  the  range  of  annual  fluctuation  and  the  result- 
ing differences  in  head.  With  all  conditions  of  the  problem  fully  con- 
Bidere<J,  the  storage  capacity  would  be  determined,  and  with  it  the 
maximum  level  for  this  part  of  the  reservoir. 

The  spillway  would  be  jjlaced  at  the  maxim u//i  .-^lorag*;  level  ju.st 
determined.  The  flood-control  problem  would  then  be  worked  out, 
based  on  the  most  extreme  assumptions  that  could  reasonably  be  made. 
The  additional  height  of  dam,  and  the  spillway  cax^acity  necessary  to 
aecxire  the  desired  control,  would  follow,  and  the  full  dimensions  of  the 
dam  would  thus  be  determined.  The  ix)rtion  of  the  reservoir  below  the 
spillway  would  be  subject  to  human  control;  that  above  would  not. 
The  >uijer-reservoir  would  really  l;e  of  the  dry  tyi>e,  because  all  that 
portion  of  the  basin  above  the  spillway  level  would  drain  out  promptly 
after  the  passage  of  a  flood,  and  woidd  remain  dry  most  of  the  time, 

7. — Objectioxs,  Apparent  axd  Real. 

The  Ohio  "Valley  Flood  Board  is  not  strictly  correct  in  saying*  that 
"the  upper  part  would  have  to  be  managed  without  reference  to  the 
lower  part."  The  lower  part  would  be  managed  without  reference  to 
the  upper  part,  which  would  not  be  managed  at  all,  but  rather  would 
manage  itself — ^human  supervision  being  entirely  eliminated  except 
for  repairs,  maintenance,  and  police. 

As  to  cost,  which  is  another  matter  of  doubt  with  the  Flood  Board, 
this  may  be  said :  The  capacity  of  a  reservoir  basin  ordinarily  increases 
very  rapidly  with  its  depth,  or  the  height  of  the  dam.  In  the  proposed 
Englewood  Basin  of  the  Aliami  system,  the  following  depths  are 
required  for  100  000,  200  000,  300  000,  and  400  000  acre-ft.  capacity: 
72,  93,  107,  and  119  ft.,  respectively.  These  capacities  stand  in  almost 
the  same  ratios  as  the  cubes  of  the  corresponding  depths,  whereas, 
according  to  the  Flood  Board,  the  cost  of  dams  increases  approximately 
with  the  square  of  the  depth.  In  fact,  it  is  probably  true,  as  Mr. 
Gannett  has  stated,  that  the  top  storage  in  a  reservoir  is  generally 
cheapest  of  all. 


R<i',',rt     r; 
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The  one  serious  objection  of  the  Ohio  Valley  Flood  Board  to  the 
detention  system  is  contained  in  the  following  extract:* 

"Detention  reservoirs  decrease  the  flood  height  at  the  expense  of  a 
prolongation  of  the  time  of  high  water,  and  therefore  necessarily 
increase  the  probability  of  coincidence  of  high  stages  from  several 
tributary  streams." 

This  is  theoretically  true,  but  it  is  so  complicated  with  an  infinitude 
of  other  factors  that  it  is  practically  impossible  to  determine  its  real 
value.  The  Flood  Board  seems  to  have  in  mind  the  Ohio  River  more 
particularly.  A  high  flood  in  that  stream  is  caused  by  the  arrival, 
more  or  less  coincidentally,  of  the  flood  waves  of  many  tributaries.  In 
their  unregulated  condition,  the  peaks  of  these  flood  waves  are  sharp, 
their  passage  of  short  duration,  and  the  chance  of  their  exact  coin- 
cidence correspondingly  slender.  Under  regulation,  the  peaks  would 
be  flattened  out  more  or  less,  and  the  length  of  the  wave  increased.  It 
is  quite  evident  that  the  probability  of  overlapping  of  waves  would  thus 
be  increased,  but  this  overlapping  effect  would  probably  be  more  than 
offset  by  the  reduction  in  heights.  At  any  rate  it  is  impossible  to  base 
a  conclusion  on  such  meager  data,  that  flood  heights  would  be  increased. 

In  case  only  one  of  several  tributaries  were  regulated,  it  might 
happen  that  its  peak  would  occasionally  coincide  with  unregulated 
peaks,  where  such  coincidence  would  not  have  taken  place  without 
regulation;  but  the  chances  are  just  as  strong  the  other  way,  and  here, 
too,  the  reduction  in  peak  due  to  regulation  would  tend  to  offset  any 
unusual  coincidence  which  might  occur. 

The  only  tangible  possibility  of  such  danger  which  the  writer  can 
think  of  would  be  in  the  case  of  two  important  tributaries  in  the  same 
vicinity,  one  of  which,  as  shown  by  long  records,  habitually  runs  out 
enough  in  advance  of  the  other  to  prevent  their  flood  peaks  from 
coinciding.  If  the. quicker  tributary  alone  were  regulated,  it  might 
bring  their  peaks  more  closely  together,  and  possibly  result  in  a  higher 
combination ;  but  this  possibility  is  based  on  so  many  "ifs"  and  improb- 
able conditions  that  it  is  a  rather  unsubstantial  hypothesis  after  all. 

The  utmost  that  can  be  said  of  these  alleged  risks  and  dangers  is 
that  they  are  very  remote  possibilities.  The  probabilities  are  all  the 
other  way,.   There  seems  to  be  no  sviflicient  ground  for  building  up,  on 

•  Report,  par.  76,  p.  35. 


raixi'^l     DKTKXI'ION  RESKRVOIRS  FOR  FLOOD  CONTROL       1441 

such  a  basis,  an  adverse  sentiment  toward  any  extension  of  the  deten- 
tion principle  which  is  otherwise  practicable.  Nevertheless,  the  Ohio 
Valley  Flood  Board  feels  that  the  matter  is  of  sufficient  importance  to 
call  for  restrictive  measures.  It  states*  llatly  that  it  "would  not  i^ecom- 
Tiiond  this  type  [detention]  unless  some  means  of  control  were  provided 
to  1)0  used  when  necessary,  or  other  Ohio  tributaries  were  similarly 
ri'irulatcd."  Later  in  the  same  paragraph  it  is  stated:  "The  Board 
therefore  does  not  think  that  reservoirs  incapable  of  control  ought  to 
bo  approved  by  the  United  States  unless  it  can  be  demonstrated  that  the 
danger  of  increased  flood  heights  by  reason  of  their  use  is  quite 
remote." 

The  writer  will  consider  somewhat  in  detail  the  two  objections 
specified  in  these  citations,  taking  that  of  simultaneous  regulation 
first.  It  seems  quite  clear  to  him  that  such  regulation  of  a  vast  num- 
ber of  streams  like  the  tributaries  of  the  Ohio  falls  outside  the  domain 
of  possibility.  Any  such  requirement  would  nullify  all  efforts  at 
development.  The  system  will  grow  little  by  little — one,  not  many, 
units  at  a  time.  Better  by  far  to  take  some  chances  and  register 
progress  than  to  block  progress  because  of  contingencies  which  are  so 
remote  as  to  be  practically  negligible. 

The  same  caution  applies  as  against  any  sweeping  condemnation  of 
the  principle  of  automatic  control.  It  would  seem,  indeed,  on  the  face 
of  it,  that  a  great  system  of  reservoirs,  each  subject  to  direct  control 
from  some  central  station,  with  a  comprehensive  flood-warning  system 
giving  instant  data  as  to  precipitation,  run-off,  gauge  heights,  etc., 
throughout  the  region  affected,  would  afford  more  efficient  control  on 
the  larger  rivers  than  if  the  reservoirs  were  left  to  blind  automatic 
operation.  The  matter  is  subject  to  the  greatest  uncertainty,  however, 
and  whatever  its.  possible  value,  it  would  be  largely  offset  by  other 
•  ■oiisiderations  of  direct  practical  importance.  There  would  be,  for 
instance,  the  immense  cost  of  the  devices  necessary  to  control  the  out- 
flow of  enormous  volumes  of  water  through  the  dams.  There  would 
always  be  the  risk  of  inefficient  manipulation  induced  by  rare  use;  the 
certainty  of  rapid  deterioration  and  the  likelihood  of  finding  the 
mechanism  not  in  working  order  when  most  needed;  the  danger  of  over- 
accumulation  in  the  reservoir  due  to  restriction  of  outflow  (for  that  is 


•  Report,  par.  76,  p.  35. 
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really  the  form  which  control  would  take) ;  and  the  probability  that  the 
interests  of  the  valley  immediately  below  might  be  subordinated  to  the 
interests,  more  or  less  hypothetical,  of  the  trunk  streams.  The  objec- 
tion in  regard  to  deterioration  and  imperfect  manipulation  would  prob- 
ably be  less  with  spillways  than  with  conduit  outlets;  but  as  spillways 
v/ould  generally  be  used  only  where  the  combined  purposes  of  flood 
control  and  storage  for  use  are  contemplated,  there  would  be  ever- 
present  a  new  danger  in  the  temptation  to  close  the  outlets  in  the 
interest  of  private  use.  The  writer  has  set  forth  this  danger  in  the 
following  terms  in  his  Flood  Control  paper  (par.  43)  already  quoted: 

"As  to  compromise  of  purpose,  there  will  always  be  a  peril  involved 
in  the  selfishness  of  interests  dependent  upon  stored  water.  Long 
periods  of  low  water  dull  the  public  sense  of  danger  and  it  becomes  a 
contest  between  an  aggressive  and  insistent  private  appeal  and  a 
lethargic  public  sense  of  duty.  The  chances  are  strong  that  private 
appeal  will  prevail;  and  that  flood  reserve  space  will  be  encroached  on 
until  a  catastrophic  storm  comes  and  finds  the  provision  made  for  it 
pre-empted.     This  is  undoubtedly  a  real  danger." 

Taking  everything  into  consideration,  the  writer  believes  that  auto- 
matic control,  divorced  absolutely  from  the  possibility  of  human  inter- 
ference, possesses  advantages  which  far  outweigh  any  that  might 
result  from  direct  control. 

It  is  well  to  observe  at  this  point  that  the  problem  of  flood  control 
by  reservoirs  is  essentially  a  head-waters  problem.     This  is  true  also  of 
storage  for  use.     Reservoir   development   for  either  or  both  of  these  , 
purposes  will  never  produce  a  material  diminution  of  flood  volumes  on 
the  lower  rivers.     If  the  Miami  system  could  be  extended  to  every  small 
tributary  of  the  Ohio,  floods  would  come  to  the  trunk  streams  just  the 
same.     The  local  effect  would  be  very  great,  the  combined  effect  very  j 
slight;  but  such  effect,  whatever  it  miglit  be,  would  on  the  whole  be 
favorable.     It  would  not  avoid  the  necessity  of  levees  and  other  protec-  ; 
tive  works  on  the  lower  rivers ;  but  it  would  reduce  somewhat  the  stress  j 
thereon.     To  that  extent  it  would  operate  as  a  factor  of  safety.     The  ' 
magnitude   of   that   factor,   however,    is   not   sufficient   to   justify  the 
building  of  reservoirs  on  the  head-waters  for  that  purpose  alone.     The  | 
problem  will  always  remain  essentially  a  local  one.     The  writer  does  ! 
not  believe  that  either  adverse  or  favorable  possible  effects  on  the  trunk  j 
streams  should  have  a  feather's  weight  in  determining  the  desirability  , 
of  any  local  development. 
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Perhaps  most  serious  of  the  physical  obstacles  to  the  combination  of 
purposes  herein  proposed  is  the  lack  of  sites  already  referred  to  in 
Section  5  of  this  paper.  On  some  streams  there  are  no  available  sites; 
on  some,  such  sites  as  are  available  have  only  capacity  for  storage  for 
use;  in  some,  a  surplus  capacity  beyond  that  required  for  use  will  be 
available;  and,  on  some,  the  full  capacity  for  both  purposes  will  be 
found.  The  conditions  are  infinitely  variable,  and,  dependent  on  them, 
all  deji-roes  of  possible  control  will  be  encountered.  It  should  not  fol- 
low that,  because  complete  control  cannot  be  had  in  a  given  case,  such 
as  can  be  liad  slionld  not  be  accepted.  If  a  reservoir  can  be  made  to 
care  for  25,  50,  75,  or  any  other  percentage  of  the  floods  on  a  stream, 
such  partial  relief  may  be  better  than  none  at  all.  A  reservoir  with 
only  capacity  for  its  special  use  may  at  times  afford  effective  control, 
and  even  when  full,  will  always  afford  some  slight  control ;  for,  no  mat- 
ter how  large  the  spillway,  some  increase  in  reservoir  depth  is  neces- 
sary to  bring  it  into  play,  and  to  that  extent  it  acts  as  a  detention 
reservoir.  Every  development  must  stand  on  its  own  bottom,  and  its 
possibilities  must  be  exliaustively  analyzed.  In  that  way  sins  of 
omission  as  well  as  of  commission  may  be  avoided.  It  is  of  the  first 
importance  that  a  site  once  occupied  be  occupied  to  the  full  extent  of 
its  possibilities.  If  occupied  by  an  inadequate  or  inferior  work,  this 
may  become  a  permanent  bar  to  the  highest  development. 

8. — The  Human  Factor. 

Probably  every  engineer  who  has  had  charge  of  responsible  work 
h.as  said  to  himself,  in  the  bitterness  of  experience,  that  he  could  cheer- 
fully wrestle  with  the  antagonisms  of  Nature  if  he  could  only  escape 
the  antagonisms  of  Man.  So,  with  the  problem  here  under  considera- 
tion, great  as  may  be  the  physical  obstacles,  those  which  are  the  direct 
result  of  human  agency  will  be  found  greater  still.  In  this  final  section 
of  the  paper  the  writer  will  mention,  rather  tluxn  attempt  to  remove, 
the  chief  of  these  obstacles. 

It  scarcely  needs  be  said  that  to  carry  out  any  such  programme  as 
outlined  herein  would  require  that  jurisdiction  over  our  streams  should 
be  vested  in  some  public  authority.  As  between  State  and  Federal 
control,  the  advantage  is  manifestly  with  the  latter,  because  it  is  the 
one  authority  which  embraces  practically  all  our  streams  from  mouth 
to  source.     It  alone  can  exercise  that  uniform  control  which  is  essential 
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to  the  best  results.     The  Ohio  Valley  Flood  Board  puts  the  case  very 
stronglj'^  when  it  states:* 

"Control  over  our  waterways  for  the  purposes  of  flood  prevention 
and  protection  must,  in  the  opinion  of  the  Board,  be  delegated  to  one 
central  authority  before  any  rational  plan  for  flood  control  can  be 
devised,  and  compliance  with  such  a  plan,  or  other  measures  for  the 
amelioration  of  flood  conditions  properly  enforced.  This  central 
authority  is  logically  and  necessarily  the  Federal  Government." 

Next  comes  the  matter  of  co-operation  and  development.  Mani- 
festly, the  additional  cost  required  to  extend  an  industrial  scheme  in 
any  particular  case  to  embrace  also  that  of  flood  control  must  be  borne 
by  some  form  of  public  agency.  It  would  be  futile  to  insist  that  private 
interests  build  larger  than  their  immediate  purposes  require.  If  more 
is  to  be  done,  the  public  must  do  it,  and  unless  it  be  prepared  for 
co-operation,  the  desired  result,  no  matter  how  practicable  or  important, 
cannot  be  attained.  Determination  of  the  respective  shares  of  cost  to 
be  borne  by  the  private  interest  and  by  the  public  would  naturally  be  a 
bone  of  some  contention;  but,  as  it  would  be  a  matter  of  expert  judg- 
ment, it  should  not  involve  serious  difficulty. 

The  hete  noire  of  the  whole  problem  will  be  found  in  making  the 
public  fund  available  with  promptness   and  certainty — unless   indeed  , 
an  entirely  new  system   is   devised  for  the  public  flnancing  of  such  i 
projects.     When  a  competent  body  of  experts,  designated  for  the  pur- ! 
pose,  has  reported  that  a  project  is  feasible  and  deserving  of  prompt  i 
development,  and  has  set  forth  in  detail  the  grounds  on  which  its  find-  f 
ings  are  based,  there  ought  to  be  confidence  enough  in  its  recommen- 
dations to  receive  the  full  support  of  Congress  or  Legislatures.     It  is  • 
known,  only  too  well,  however,  that  hitherto  this  is  far  from  having  been 
the  case,  and  it  is  to  be  feared  that,  in  this  broader  field  of  co-opera- 
tion, traditional  methods   of   delay  will  cause   energetic   co-operating 
interests  to  throw  up  their  hands  in  despair.     Say  what  we  will,  this 
is  one  of  the  drawbacks  of  our  form  of  government,  and  the  public ! 
expert  can  never  be  sure  of  putting  through  a  project  until  Jie  has  '< 
satisfied  many  whose  interests  therein  do  not  relate  to  its  merits  at ! 
all.     It   is   in  these   and  similar  intangible,   yet  very   real,  obstacles, : 
arising  wholly  from  human  wrong-headedness,  selfishness,  and  short- 1 
sightedness,   that   the   problem   which    we   have   been    discussing   will; 
encounter  its  greatest  difficulties. 

*  Report,  par.  108,  p.  45. 
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A  PHENOMENAL  LAND  SLIDE- 
SUPPLEMENT 


By  D.  D.  Clarke,  M.  Am.  Soc.  C.  E.^ 


Synopsis. 

In  1904  the  writer  prepared  an  accoiintf  of  a  land  slide  at  Portland, 
Ore.,  about  30  acres  in  extent,  which  was  first  observed  during  1894, 
while  the  construction  of  two  of  the  City's  distributing  reservoirs 
was  in  progress,  and  resulted  in  putting  these  reservoirs  out  of  service 
for  a  periTid  of  nearly  10  years. 

The  original  paper  brought  the  history  of  the  slide  down  to  the 
early  part  of  1904,  and  described  in  considerable  detail  the  various 
steps  taken  to  determine  the  cause  of  the  movement,  its  rate  of  progress, 
and  the  boundaries  of  the  moving  ground,  as  "well  as  the  efforts  made 
to  retard  the  movement  and  counteract  its  effect. 

The  purpose  of  the  present  paper  is  to  continue  the  history  of  the 
slide  down  to  date;  to  describe  the  construction  of  additional  drainage 
tunnels  supplementing  the  original  drainage  system;  and  to  note  also 
the  results  of  surveys  made  at  regular  dates  during  the  intervening 
period,  as  well  as  to  describe  the  character  and  extent  of  the  reservoir 

*  This  paper  ■will  not  be  presented  for  discussion  at  any  meeting,  but  written 
communications  on  the  subject  are  invited  for  subsequent  publication  in  Proceedings 
and  with  the  paper  in  Transactions. 

^  "A  Phenomenal  Land  Slide,"  Transactions,  Am.  Soc.  C.  E.,  Vol.  L.III  (1904), 
p.  322 
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repair  work  undertaken  in  1904,  and  successfully  completed  since  that  | 
date,  thus  restoring  the  reservoirs  and  permitting  of  their  uniuter-  1 
rupted  use  during  the  past  12  years. 


Historical  Notes. 


As  a  preliminary  to  the  present  paper,  the  following  brief  sum-  ( 
mary  of  the  original  paper  is  submitted:  During  1894  the  Water  ] 
Board  of  the  City  of  Portland  built  two  small  reservoirs,  each  having  { 
a  capacity  of  about  16  000  000  or  17  000  000  gal.,  situated  in  a  small  j 
ravine  in  the  City  Park,  about  2  miles  from  the  business  center  of  the  i 
city,  and  designed  to  supply  the  West  Side,  or  main  business  district.  { 

A  short  time  before  these  reservoirs  were  completed  a  movement  ! 
of  the  adjacent  hillside  was  detected,  which,  at  first,  was  thought  to  i 
be  entirely  local  and  of  minor  importance.  The  work  of  construct-  ] 
ing  the  reservoirs  was  thereupon  pushed  to  completion,  but  the  reser-  j 
voir  basins  had  scarcely  been  filled  before  the  real  magnitude  of  the 
movement  became  apparent.  ' 

The  reservoir  basins,  therefore,  were  emptied  at  once,  and  instru-  \ 
mental  surveys  were  promptly  commenced  in  order  to  determine  the  \ 
extent  of  the  slide.     These  surveys  have  since  been  continued  at  reg- 
ular intervals,  and  by  their  results  and  a  series  of  test  borings  and  open  i 
shafts  subsequently  made  and  observed  for  a  period  of  years  (33  wash-  ' 
drill  borings  and  22  open-shaft  excavations  reaching  to  bed-rock),  the 
dimensions  of  the  moving  ground  were  at  length  determined  to  be 
approximately  1  700  ft.  from  east  to  west,  and  1 100  ft.  from  north  , 

to    south    along   the   reservoir   front — an    area    of    approximately   29 J  ; 

•I 

acres — the  depth  ranging  from  46  to  112  ft.,  the  average  being  77.8  ft.  j 
The  approximate  volume  was  3  400  000  cu.  yd.,  and  the  approximate 

weight  4  COO  000  tons. 

I 

The  borings  and  open  shafts  revealed  the  presence  of  a  thin  seam  i 
of  blue  clay  along  the  surface  of  the  bed-rock,  with  numerous  water  j 
pockets  in  immediate  connection  therewith,  several  of  the  underground  j 
water  pockets  having  considerable  volume.  Two  of  the  largest  of 
these  water  pockets  were  drained  with  pumps  (the  total  pumpage  aggre-  \ 
gating  several  million  gallons)   with  a  marked  deterrent  effect  on  the  j 
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movement  of  the  slide,  as  indicated  by  the  periodical  instrumental 
surveys. 

Comparisons  of  Weather  Bureau  records  of  precipitation  with  the 
monthly  movement  of  the  slide  indicated  a  close  relationship  between 
the  two — if  it  did  not  offer  absolute  proof  that  the  rate  of  movement 
of  the  slide  dei)euded  on  the  volume  of  the  rainfall  during  any  series 
of  months. 

After  a  study  of  all  the  observed  conditions,  it  at  length  became 
clear  to  the  Water  Board  Engineers  and  the  experts  called  into  consul- 
tation, that  the  probable  remedy  was  the  construction  of  a  system  of 
drainage  tunnels  along  the  surface  of  the  bed-rock,  and  that  these 
should  be  located  so  as  to  tap  the  underground  reservoirs  which  had 
been  developed  by  the  borings  and  open  wells. 

In  accordance  with  the  decision  then  reached,  a  total  of  2  507  lin. 
ft.  of  such  drainage  tunnels,  with  timber  supports,  was  constructed 
between  June,  1900,  and  December,  1901,  at  a  total  cost  of  $14  161.14, 
or  an  average  cost  of  $5.G5  per  lin.  ft.  for  materials  and  labor. 

The  results  secured  by  the  construction  of  these  drains  were  con- 
sidered very  satisfactory,  and  for  a  time  it  appeared  as  if  the  slide 
problem  had  been  fully  solved.  That  this  confidence  was  not  entirely 
unwarranted  will  appear  from  a  study  of  the  diagram  showing  the 
monthly  rate  of  movement  as  compared  with  the  rainfall  for  the  years, 
1895  to  1903,  inclusive.  This  is  shown  as  Plate  XXV  of  the  original 
paper,  and  in  Plate  XI  the  data  are  reproduced  and  extended  to  cover 
the  period  which  has  elapsed  since  the  surveys  were  commenced.  This 
diagram  shows  the  average  movement,  per  quarter,  at  approximately 
50  stations  along  the  central  portion  of  the  slide  from  east  to  west. 

The  volume  of  drainage  from  the  tunnels  was  carefully  observed 
for  the  2  years  following  their  completion,  and  was  found  to  range 
from  10  000  to  15  000  gal.  per  day  in  summer,  and  from  25  000  to 
75  000  gal.  per  day  in  winter;  and  at  the  end  of  2  years  it  was  decided 
that  the  drains  were  doing  effective  work  and  that  it  would  be  safe  to 
proceed  at  once  with  the  work  of  reservoir  repairs. 

Accordingly,  in  December,  1903,  the  writer  submitted  to  the  Water 
Board  a  report  on  the  condition  of  the  drainage  work,  stating  the 
reasons  why  it  appeared  to  be  entirely  safe  to  begin  at  once  the  work 
of  repairing  the  broken  reservoirs,  and  also  submitting  a  plan  for  a 
permanent  drain  inside  the  tunnels  already  constructed. 
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Following  the  presentation  of  this  report,  the  Water  Board  author- 
ized an  appropriation  of  $100  000,  for  reservoir  reconstruction,  etc., 
divided  as  follows : 

For    tunnel    drains $  16  000 

Repairs  to  Reservoir  ISTo.  3 36  000 

Repairs  to  Reservoir  No.  4 32  000 

Roadway  west  of  Reservoir  No.  -i 16  000 

Total    $100  000 

The  fourth  item  covered  the  construction  of  a  driveway  along  the 
west  side  of  Reservoir  No.  4,  connecting  with  existing  roadways 
around  Reservoir  No.  3. 

During  March,  1904,  immediately  following  the  adoption  of 
the  plan  for  tunnel  and  reservoir  repairs,  it  was  noted  that 
there  had  been  an  accelerated  movement  of  the  slide.  This  was 
reported  to  the  Water  Board  by  the  writer,  who  called  attention  to  the 
unusual  rainfall  during  the  preceding  4  months,  amounting  to  27% 
more  than  the  average  for  the  same  period  during  the  past  21  years. 

In  this  report  the  writer  stated  his  belief  that  the  increase  in  the 
movement  of  the  slide,  observed  since  the  winter  rains  began,  was  due 
to  the  excessive  rainfall,  and  that  additional  drainage  tunnels  should 
be  constructed  in  order  to  restore  the  equilibrium  indicated  by  the 
surveys  made  during  the  preceding  2  years.  The  writer  also  outlined 
a  number  of  branch  tunnels  which  he  thought  should  be  constructed. 

The  Water  Board  immediately  authorized  the  construction  of  these 
additional  drains,  and  the  work  of  completing  them  was  carried  for- 
ward in  connection  with  the  tunnel  and  reservoir  repair  work  pre- 
viously authorized. 

As  indicating  the  state  of  mind  of  the  Water  Board  at  this  junc- 
ture, it  is  interesting  to  note  that  on  March  29th,  1904,  the  day  the 
foregoing  tunnel  extensions  were  authorized,  the  Board  adopted  the 
following  resolution: 

''In  undertaking  the  repair  of  the  reservoirs  we  feel  the  obliga- 
tion to  preserve  the  land  lying  west  of  them  and  to  conserve  the  money 
so  far  expended  on  them,  as  far  as  we  can. 

"The  complete  system  of  drainage  tunnels  recommended  by  the 
Engineer  apparently  is  the  course  to  adopt. 
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''We  feel,  however,  that  we  cannot  be  confident  that  the  work  wlien 
completed  will  be  absolutely  permanent  and  without  possible  mishap. 

"Therefore  wc  wish  at  this  time,  for  the  benefit  of  future  com- 
mittees, to  note  that  there  must  be  constantly  exercised  a  most  careful 
attention  and  a  readiness  and  preparation  for  the  possible  expenditure 
at  any  time  of  a  goodly  amount  for  repairs." 

In  view  of  the  foregoing  the  writer  is  pleased  to  note  that  only 
nominal  repairs  have  been  required  at  the  City  Park  reservoirs  since 
tlie  completion  of  the  tunnel  and  relining  work,  the  total  amounting 
to  only  a  few  hundred  dollars  for  the  12-year  period  which  has 
since  elapsed,  during  whicli  time  the  reservoirs  have  been  in  continuous 
service. 

Drainage  Tunnel  Extensions. 

The  construction  of  the  supplemental  tunnel  drains  already  noted 
v.-as  commenced  early  in  the  season  of  1904,  and  was  continued  until 
]900,  when  the  system  of  drains  was  completed  in  accordance  with  the 
revised  plans. 

Plate  XII  shows  the  location  of  these  drains  as  related  to  those  con- 
structed several  years  earlier.  These  tunnels  were  mainly  laid  out  from 
one  to  another  of  the  several  shafts  excavated  while  the  original 
exploration  work  was  in  progress. 

In  constructing  the  tunnels  the  excavated  material  was  hauled  from 
the  tunnel  heading  to  the  nearest  shaft  in  narrows-gauge  cars,  which 
were  then  hoisted  to  the  surface  and  dumped. 

The  timbers  used  for  tunnel  supports,  the  cars  and  track,  and  the 
elevator  cage  used  for  this  work  were  similar  to  those  designed  for 
the  original  tunnel  project,  as  shown  by  Fig.  1. 

Only  a  small  force  was  employed  on  this  work — one  or  two  crews 
at  diflFerent  points,  with  sometimes  two  shifts  per  day,  each  crew  con- 
sisting of: 

One  tunnel  man,  $3.00  per  day  of  10  hours. 

Two  helpers,  each  $2.25     "      "     "     "        " 

One  or  two  top  men      "      $2.25     "      "     "     "        " 
One  hoisting  engineer. 

The  timber  supports  were  framed  by  a  man  especially  detailed  for 
that  work. 

The  lumber  cost  from  $10  to  $12  per  1  000  ft.  b.  m.,  delivered  at 
the  shaft. 
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A  total  of  4  021  lin.  ft.  of  new  tunnel  was  built  between  April, 
1904,  and  August,  190G,  at  a  total  cost  of  $26  896.20,  exclusive  of 
eng-ineering  and  superintendence,  or  an  average  of  $6.69  per  lin.  ft., 
as  compared  with  $5.65  per  lin.  ft.  for  work  of  a  similar  character 
completed  in  1900-01.  This  increase  in  cost  was  due  largely  to  the 
advance  in  the  prices  of  material  and  labor  during  the  intervening 
period.  In  1901  outside  laborers  were  paid  $2.00  per  day  of  10  hours, 
and  tunnel  men  $2.25  and  $3.00  per  day;  and  timber  cost  $8.50  per 
1  000  ft.  b.  m.,  delivered.  In  1904  and  1905  the  same  rate  per  diem 
was  paid  for  labor,  but  the  working  hours  were  reduced  from  10  to  8. 
This  is  equivalent  to  an  advance  of  25%  in  the  cost  of  labor;  at  the 
same  time  an  equal  or  greater  advance  had  taken  place  in  the  price 
of  timber  and  other  construction  materials. 

The  4  021  ft.  of  new  tunnels  added  to  the  length  originally  con- 
structed gives  6  528  lin.  ft.  in  the  complete  drainage  system. 

The  material  encountered  in  the  tunnel  extension  work  was  chiefly 
yellow  clay,  intermixed  with  fragments  of  basalt.  No  large  pockets  of 
water  were  discovered,  and  in  that  respect  the  work  did  not  accomplish 
all  that  was  anticipated,  but  the  aggregate  volume  of  drainage  from 
all  the  branches  has  been  large,  ranging  from  18  000  to  108  000  gal.  per 
day  during  some  years,  the  quantity  depending  on  the  season  of  the 
year  and  the  attendant  rainfall.  During  recent  years  the  volume  of 
this  drainage  has  been  somewhat  less  than  noted  above. 

Concrete  Tunnel  Culvtrt. 

It  was  realized  from  the  beginning  of  the  tunnel  work  in  1900  that 
the  timber  supports-  would  soon  decay,  and  that  ultimately  a  more 
permanent  construction  would  have  to  be  adopted.  With  this  end  in 
view,  a  study  was  made  to  determine  the  best  method  of  lining  the 
tunnels  so  as  to  insure  the  permanency  of  the  drains. 

The  design  finally  adopted  for  this  work  was  that  of  a  monolithic 
concrete  sewer,  28  in.  in  diameter,  to  be  built  entirely  inside  the  timber 
■frames  supporting  the  sides  and  roof  of  the  tunnel. 

This  plan  was  a  modification  of  one  adopted  for  a  sewer  built  at 
Truro,  N.  S.,  in  1902,  Messrs.  Lee  and  Coffin  being  the  designing  engi- 
neers.* The  sewer  at  Truro  was  built  in  an  open  ditch,  and  the  arch 
was  of  brick,  the  chief  detail  of  interest  being  the  removable  centering. 

*  Engineering  Record,  August  30th,  1902. 
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For  the  Portland  work  the  arch  was  made  of  reinforced  concrete 
blocks,  12  in.  in  width  and  of  sufficient  length  to  span  the  opening 
between  the  side-walls.  The  advantages  claimed  for  this  method  of 
construction  as  api)lied  to  the  Portland  work  are  two-fold : 


FORMS  FOR  CONSTRUCTING  CONDUIT 
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CONDUIT  AT  SHAFT 


PLAN  ADOPTED  FOR  CONCRETE  CONDUIT 
IN   DRAINAGE  TUNNELS  UNDER  SLIDING  LAND 
TRACT  WEST  OF  CITY   PARK  RESERVOIRS 
(1904) 

Fig.  2. 

First,  the  base  and  sides  of  the  sewer  were  constructed  as  a  monolith, 
of  the  dimensions  shown  on  Fig.  2,  the  distance  between  the  side-walls 
permitting  a  man  to  move  freely  and  push  a  car  with  a  narrow  body. 
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All  construotioii  nintorials  were  transported  from  the  foot  of  the  nearest 
.shiifr  in  cars  niiiiiiii^  on  a  narrow-g^auf^e  track  laid  on  the  tunnel  sills, 
or  oil  the  sewer  invert  alter  it  had  lieen  l)uilt.  The  material  for  back- 
tillinjr  behind  the  siile-walls  and  over  the  top  of  the  sewer  was  hauled  in 
the  same  manner. 

Second,  this  style  of  construction  made  it  i)ossiblc  to  cast  the  arch 
blocks  a  sufficient  time  in  advance  to  permit  them  to  become  thoroughly 
seasoned  before  being  put  in  place,  and  consequently  the  work  of  back- 
filling was  not  delayed  while  waiting  for  the  setting  of  the  arch  and  the 
removal  of  its  supports. 

By  placing  only  a  few  of  the  arch  blocks  in  position  at  a  time  it  was 
possible  to  transport  the  back-filling  material  in  cars  to  within  a  few 
feet  of  the  heading,  thus  greatly  reducing  the  labor  of  shoveling  and 
tamping  required  to  back-fill  the  tunnel  properly. 

Fig.  2  shows  the  dimensions  of  the  arch  blocks  and  concrete  sewer, 
and  also  the  lining  of  the  shafts  and  the  connecting  sump  and  man- 
holes through  which  access  can  be  had  to  the  shafts  and  thence  to  the 
sewer  for  inspection  purposes,  steps  made  of  round  iron  rods  being  built 
into  the  side-walls  of  the  shafts. 

The  diameter  of  the  sewer  was  fi:sed  at  28  in.,  that  being  the  min- 
imum size  which  would  admit  of  comfortable  inspection  from  end  to 
end  by  a  man  of  small  or  medium  stature. 

Of  twenty-two  shafts  originally  excavated,  seven,  at  suitable  points, 
were  permanently  lined  with  concrete;  the  others  were  filled  with  earth 
on  the  completion  of  the  tunnel  work. 

In  placing  the  arch  blocks  in  position,  the  ends  were  cemented  to 
the  side-walls,  but  no  attempt  was  made  to  close  the  crevices  between 
the  blocks  at  the  crown  of  the  arch.  This  space  of,  say,  i  in.  in  width 
for  every  foot  in  length  of  the  sewer,  was  left  open  so  as  to  adnut  any 
seepage  water  which  might  percolate  into  the  tunnel  and  thence  to  the 
top  of  the  sewer. 

At  intervals  of  about  50  ft.  a  cut-off  wall  of  concrete,  6  in.  thick 
and  18  in.  high,  was  built  across  the  tunnel  from  side  to  side.  These 
walls  were  deep  enough  and  of  sufficient  length  to  cut  off  any  flow  of 
water  along  the  outside  of  the  sewer  walls.  The  water  is  conducted 
into  the  sewer  through  a  3-in.  opening  left  near  the  bottom  of  the 
invert  at  the  up-hill  side  of  each  cut-off  wall. 
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At  each  side  of  the  sewer  a  line  of  3-in.  drain  tile  was  laid,  connect- 
ing with  the  opening-  into  the  sewer  at  intervals  of  50  ft.,  this  opening 
being  a  few  inches  above  the  upper  face  of  the  sewer  invert. 

The  construction  of  the  tunnel  conduit  was  commenced  in  May, 
1904,  and  the  relining  of  the  original  project  of  2  507  ft.  was  completed 
in  May,  1905.  The  relining  of  the  4  021  lin.  ft.  of  extension  tunnels 
was  commenced  in  1908  and  completed  in  1910. 

For  the  invert  and  side-walls  of  the  tunnel,  the  concrete  consisted  of 
one  part  Portland  cement,  two  parts  Columbia  River  sand,  and  three 
parts  of  Willamette  River  gravel  not  exceeding  1  in.  in  diameter,  all 
by  volume;  the  arch  blocks  were  composed  of  a  mixture  of  one  part  of 
cement  to  three  parts  of  concrete  sand,  to  be  mixed  dry  and  thoroughly 
rammed.  Two  i-in.  twisted  iron  rods,  12  in.  long,  curved  to  the  radius 
of  the  mould,  were  embedded  in  each  arch  block. 

The  construction  of  the  tunnel  conduits  was  carried  forward  by  a 
small  crew  of  men  in  connection  with  the  work  of  excavating  new 
tunnels  and  the  repair  of  the  reservoir  linings  in  progress  during 
1904. 

The  concrete  materials  used  in  the  work  were  furnished  by  the 
contractor,  who  delivered  materials  of  the  same  class  for  the  reser- 
voirs; the  mixing  and  laying  of  the  concrete  were  done  by  day's  labor 
under  the  direction  of  the  Department  foreman.  The  tunnel  foremen 
were  paid  $3.00  per  day,  and  other  inside  labor  $2.25  per  day. 

Detailed  costs,  kept  during  the  period  from  June  1st,  1904,  to  June 
1st,  1905,  showed  that  2  746  lin.  ft.  were  completed  at  an  average  cost 
of  $3.20  per  lin.  ft.  for  the  materials  and  labor  for  constructing  the 
conduit  and  back-filling  the  tunnel. 

Repair  of  Reservoirs  Nos.  3  and  4,  in  1904. 

One  effect  of  the  slide  had  been  to  shatter  badly  the  concrete  lining 
on  the  western  slopes  of  both  reservoirs,  and  the  problem  was  to  replace 
this  lining,  and  also  to  reinforce  the  old  lining  on  the  bottom  and  on 
the  eastern  slopes  of  the  reservoirs,  so  as  to  insure  that  the  basins  should 
be  thoroughly  water-tight. 

As  originally  built,  the  lining  of  these  reservoirs  consisted  of 
cement  concrete  placed  on  the  bottom  and  sides  of  the  basins,  the  sides 
having  been  graded  to  a  uniform  slope  of  about  1  to  l^.  In  places 
where  the  material  forming  the  slopes  was   of  a   rocky   character   a 


^'!»P<''"'^-1  A    I'llHXOMKXAL    LAM)    SLIDE  1-1:55 

layer  of  rla.v  and  gravol  puddle,  8  in.  tliiek,  had  been  placed  under  the 
eonerete.  For  the  purpose  of  supporting  and  anchoring  the  lining  to 
the  slopes,  a  network  of  ^-in.  twisted  iron  rods  was  embedded  in  the 
concrete  about  midway  between  the  upper  and  lower  faces.  These  rods 
and  extended  up  and  down  the  slopes.  The  trenches  in  which  they  were 
anchored  to  the  tops  of  concrete  posts,  about  8  in.  in  diameter  and 
;)  ft.  long,  moulded  in  place  in  the  slopes. 

A  system  of  4-in.  tile  drains  under  the  western  slopes  also  formed 
a  part  of  the  original  plan.  These  drains  were  about  30  ft.  apart, 
and  extended  up  and  down  the  slopes.  The  trenches  in  which  they  were 
placed  were  about  12  in.  deep,  and  were  filled  with  coarse  sand  after  the 
tiling  was  laid. 

During  the  few  months  the  reservoirs  were  in  use  in  1895  it  was 
demonstrated  beyond  question  that  the  original  linings  were  not  as 
effective  as  they  were  designed  to  be.  The  case  was  a  comiilicated 
one,  for,  in  addition  to  the  original  thickness  of  the  concrete  and  the 
Tinderlying  layer  of  puddle  or  compacted  earth,  the  concrete  was  laid 
in  sections  with  an  expansion  joint  i  in.  wide  running  up  and  down  the 
slopes  at  intervals  of  from  12  to  20  ft.  For  the  lower  half  of  these 
joints  the  concrete  of  adjoining  sections  was  laid  in  close  contact,  but 
without  attempting  to  form  a  thorough  bond;  the  upper  half  of  the 
joint  was  filled  with  asphalt  or  asphaltic  mastic,  the  entire  upper  sur- 
face of  the  lining  then  being  covered  with  a  mop-coating  of  hot  asphalt. 

Considering  the  length  of  the  slopes— from  50  to  80  ft. — and  the 
extreme  depth  of  the  basins — 41  ft.  behind  one  dam  and  49  ft.  at  the 
other— the  problem  of  making  repairs  that  w^ould  be  effective  was  one 
that  caused  the  writer  no  little  anxious  thought.  Nowhere  in  the 
literature  of  engineering  within  his  reach  at  the  time  could  he  find 
any  account  of  work  of  a  similar  character,  undertaken  under  condi- 
tions nearly  as  severe  as  existed  here.  These  conditions  may  be 
enumerated  as  follows : 

1. — The  extreme  pressure  to  which  the  linings  would  be  subjected 
(maximum  pressure,  22  lb.  per  sq.  in.)  ; 

2. — The  long  slopes  without  a  break;  and 

3. — The  necessity  for  providing  for  a  water-proofing  course  which 
of  itself  should  possess  sufficient  strength  and  elasticity  to 
span  any  small  opening  in  the  foundation  layer  of  concrete. 
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which  might  be  caused  by  a  renewed  or  spasmodic  movement 
of  the  slide. 

The  apparent  necessity  for  relining  the  entire  surface  of  each  basin 
also  added  to  the  expense  of  the  work. 

Without  describing  in  detail  all  the  steps  of  the  evolutionary  process 
by  which  a  conclusion  was  reached  regarding  the  method  to  be  adopted 
for  making  these  repairs,  it  may  be  stated  briefly  that  it  was  decided: 

First. — That  the  original  concrete  lining  on  the  west  slopes  of 
both  reservoirs  should  be  removed  where  broken  or  unsound  and  the 
banks  dressed  down;  that  the  old  tile  drains  should  be  cleaned  out  and 
additional  under-drains  constructed,  the  trenches  to  be  filled  with 
gravel  and  broken  stone,  instead  of  sand.  (At  one  point  on  the  west 
slope  of  Reservoir  No.  4  the  movement  had  reached  a  maximum  of  3  ft., 
making  necessary  a  re-grading  of  the  slope  for  a  considerable  distance.) 

Second.- — That  a  new  base  course  of  concrete,  having  a  thickness  of 
7  in.  at  the  base  of  the  slope  and  5  in.  at  the  top,  should  be  placed  on 
the    slopes    thus    prepared. 

Third. — That  on  top  of  the  new  layer  of  concrete,  and  on  the  top  of 
the  old  lining  covering  the  bottom  and  east  slopes,  there  should  be 
placed  ti  layer  of  water-proofing  material  of  sufficient  strength  to  insure 
that  it  woiild  bridge  over  any  small  cracks  which  might  subsequently 
develop  in  the  foundation  course. 

Fourth. — That  on  top  of  this  water-proofing  course  there  should  be 
placed  a  second  layer  of  concrete,  6  in.  thick  at  the  base  of  the  slopes 
and  4  in.  at  the  top;  and  that  the  supplemental  layer  on  the  bottom 
of  the  reservoir  basin  should  have  a  uniform  thickness  of  5  in.  At 
the  foot  of  the  slopes  the  concrete  layers  were  to  be  made  thicker,  so 
as  to  round  off  the  angle  between  the  sides  and  the  bottom.  This  is 
shown  by  the  cross-section  of  No.  3  reservoir  basin,  Fig.  3.  The  rect- 
angular footing,  about  2  by  3  ft.,  shown  on  the  plans,  was  only  extended 
along  the  west  slope  of  Reservoir  No.  3. 

In  carrying  forward  the  repairs  of  the  reservoir  basins,  the  fol- 
lowing procedure  was  adopted: 

The  removal  of  the  broken  concrete  lining  on  the  west  slopes  of 
both  reservoirs  was  done  by  Water  Department  forces,  the  material 
being  piled  at  convenient  points  outside  of  the  basin,  and  removed  later 
and  utilized  for  paving  roads  in  the  adjacent  Park. 
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Contracts  were  entered  into  by  the  Department  for  purchasing  and 
hauling  lumber,  cement,  sand,  gravel,  and  crushed  rock,  also  for 
asphalt  and  felt.  Other  supplies  in  smaller  quantities  were  purchased 
on  requisition. 

Contracts  were  also  made  covering  the  labor  of  mixing  and  placing 
the  concrete,  and  for  laying  the  felt  and  asphalt  water-i>roofing,  the 
materials  being  furnished  by  the  City  at  the  site  of  the  work. 

The  prices  paid  for  materials  and  labor  required  for  the  reservoir 
repairs  were  as  follows: 

Cement,  $2.40  to  $2.65  per  bbl. 

Broken  stone,  $2.25  to  $2.82  per  cu.  yd. 

Gravel,  $1.45  to  $1.85  per  cu.  yd. 

Sand,  $1.45  to  $1.85  per  cu.  yd. 

Felt,  f.  o.  b.  factory,  $1.25  per  100  sq.  ft. 

Asphalt,  $16.00  per  ton. 

Labor,  laying  concrete  (all  materials  furnished)  : 

Foundation  and  top  course,  $2.75  per  cu.  yd. 

Cement  finish,  >:.  \  $0.15  per  sq.   yd. 

Parapet  wall,  $3.00  per  cu.  yd. 

Laying  felt:  first  layer,"  $0.35  per  100  sq.  ft. 

"  "      second  and  third  layers,  $0.25     "      "      "     " 

Hauling   cement,  $0,095  per  bbl. 

The  following  extract  from  the  specifications  for  the  work  shows 
the  proportions  adopted  for  the  concrete  mixture. 

"In  proportioning  materials  for  mortar,  grout,  and  concrete,  one 
volume  of  cement  shall  be  taken  to  mean  380  lb.  net.  One  volume 
of  sand,  gravel  or  stone  shall  be  taken  to  mean  3.7  cu.  ft.  packed  or 
shaken  down.  Sand,  gravel,  and  broken  stone  shall  be  measured  in 
barrels  or  boxes.    Measurement  in  wheel-barrows  will  not  be  permitted. 

"The  concrete  for  the  .foundation  course  on  the  west  slope  shall 
be  proportioned  as  follows :  1  part  cement,  3  parts  sand,  and  6  parts 
broken  stone  or  gravel.  For  the  surface  layer  of  concrete  the  pro- 
portions shall  be,  1  part  cement,  2^  parts  sand,  and  4  parts  gravel  or 
stone,  as  the  Engineer  may  direct." 

It  may  be  stated  that  broken  stone  was  used  in  the  concrete  forming 
the  base  course  on  the  west  slope,  resting  on  the  earth,  but  for  the 
upper  layer,  which  reste'd  on  the  felt  water-proofing,  gravel  was  sub- 
stituted for  broken  stone  in  order  to  avoid  the  danger  of  puncturing 
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the  felt   water-proofing  course  wliile  the  concrete  was   being  rammed 
into  phice. 

Some  difficulty  was  experienced  at  first  in  holding  the  upper  layer 
of  concrete  in  place  on  top  of  the  water-proofing  course.  Owing  to 
tlie  steep  slope,  it  was  impossible  to  do  much  tamping,  and  if  a 
slight  excess  of  water  was  used  there  was  danger  of  the  whole  mass 
moving  down  the  slope.  In  fact,  during  the  first  day  or  two,  such 
slides  did  occur,  making  it  necessary  to  relay  portions  of  several 
sections.  In  several  instances  a  slight  movement  of  the  concrete 
occurred  after  the  entire  section  had  been  placed,  caused  by  the 
weakening  of  the  footing.  This  difficulty  was  finally  obviated  by 
placing  the  concrete  on  the  bottom  of  the  reservoir  and  up  the  sides 
of  the  basin  to  a  height  of  5  or  6  ft.  and  allowing  it  to  harden  before 
completing  the  upper  portion  of  the  section. 

Fig.  3  shows  a  cross-section  of  Reservoir  No.  3  near  the  dam.  The 
two  courses  of  concrete,  with  the  water-proofing  course  between  them, 
and  the  tile  and  rock  drains,  are  also  shown. 

The  method  adopted  for  the  repair  of  Reservoir  No.  4,  being  iden 
tical  with  that  used  at  Reservoir  No.  3,  work  on  both  basins  was 
carried  forward  under  the  same  contract.  After  the  completion  of 
the  concrete  work,  the  surface  of  the  linings  of  both  basins  was  painted 
with  a  thin  coating  of  asphalt  in  order  to  give  the  work  a  uniform 
color. 

Water-Proofing. 

The  best  method  of  water-proofing  the  reservoir  lining  was  made 
a  study  for  a  considerable  period.  It  was  assumed  that  possibly  a 
slight  movement  of  the  hillside  might  continue  for  some  time  longer, 
and  it  was  considered  desirable,  therefore,  to  use  some  sort  of  mem- 
brane water-proofing  having  svifficient  strength  and  elasticity  to  permit 
it  to  bridge  cracks  in  the  concrete  base  in  case  the  latter  should 
again  be  fractured  under  pressure  from  the  adjacent  hillside. 

In  the  method  of  water-proofing  finally  adopted  two  layers  of 
'hydrex  felt"  and  three  coats  of  asphalt  were  used  for  the  bottom  and 
eastern  slopes  of  both  reservoirs,  with  three  layers  of  felt  and  four 
coats  of  asphalt  for  the  western  slopes,  whore  the  original  lining 
had  been  so  badly  shattered  by  the  pressure  of  the  slide. 

This  water-proofing  membrane  method  practically  conformed  to 
that  adopted  by  the  Pennsylvania  Railroad  engineers  for  water-proofing 


1460  A   PHENOMENAL  LAND  SLIDE  [Papers. 

the  Hudson  River  Tunnel,  then  under  construction,  except  as  to  the 
number  of  layers  of  felt,  and  the  substitution  of  asphalt  as  a  binder 
in  place  of  coal-tar  pitch  specified  for  the  Pennsylvania  Railroad 
work.  The  change  in  the  binder  coat  was  made  on  the  suggestion 
of  the  late  Alfred  Noble,  Past-President,  Am.  Soc.  C.  E.,  Consulting 
Engineer  for  the  Pennyslvania  Railroad  work,  because  it  was  thought 
asphalt  would  make  the  membrane  more  elastic  and  hence  more 
suitable. 

In  order  to  demonstrate  the  effectiveness  of  a  membrane  lining 
similar  to  that  just  described,  under  conditions  comparable  with  those 
under  which  it  was  to  be  used,  it  was  decided  to  experiment  with  a 
typical  section  before  the  material  was  finally  adopted.  Accordingly, 
a  small  section  of  such  a  membrane,  about  1  sq.  yd.,  was  built  up  for 
testing  purposes.  This  consisted  of  two  layers  of  felt,  each  coated 
with  asphalt  on  both  sides,  which  was  subjected  to  a  water  pressure 
of  50  ft. — the  maximum  working  pressure  at  Reservoir  No.  3.  The 
water  chamber  used  for  testing  purposes,  to  which  this  pressure  was 
applied,  was  of  cast  iron,  except  that  one  side  consisted  of  fir  planks 
3  in.  thick  and  12  in.  wide,  with  a  space  of  ^  in.  between  adjacent 
planks.  The  section  of  membrane  to  be  tested  was  placed  on  the 
inner  face  of  these  planks,  and  was  supported  by  them,  the  membrane 
spanning  the  i-in.  opening  between  the  planks.  The  joints  around 
the  margin  of  the  chamber  were  sealed  with  a  soft  rubber  packing. 

During  the  test,  which  was  continued  for  nearly  6  months,  it 
was  found  that  under  pressure  the  membrane  was  forced  into  the 
cracks  between  the  planking,  and  for  a  period  of  146  days  did  not 
weaken  sufficiently  to  allow  the  water  to  escape  from  the  6-in.  stand- 
pipe  supplying  the  pressure.  It  was  concluded,  therefore,  that  the 
material  was  of  sufficient  strength  and  elasticity  to  answer  the  pur- 
pose in  view. 

It  may  be  said,  further,  regarding  this  test,  that  after  the  pressure 
had  been  maintained  for  146  days  it  was  released  for  119  days,  at 
the  end  of  which  time  it  was  again  applied  and  the  test  continued. 
At  the  end  of  a  further  period  of  44  days,  a  slight  crack,  a  few 
inches  in  length,  developed  in  the  felt  where  it  had  been  compressed 
into  the  space  between  the  planks,  thus  allowing  the  water  to  escape 
from  the  stand-pipe  and  release  the  pressure.  The  actual  test,  there- 
fore, covered  a  period  of  190  days. 
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Fig.  4. — Rk'li.niiXg  EIast  Slope,  Reservoir  No.  .3,  September  13th,  1904. 


Fig.  5. — Relining  East  Slupk,  R.esekvoir  No.  .3,  SEi'JEiiUEU  Liiii,  1904. 


Pa  JUTS.  1 


A    rilENOMENAL   LAND   SLIDE 


1463 


Fig.  G.      Wi;st  S-LuI'e,   Hk.skkvoir  Xo.  4,   Showing   U.nuer-Dkains,  Ski'temeer  21st, 

1904. 


Fig.  7. — Relining  West  Slope.  Reservoir  Xo.  4,  Octohku  17th,   1904. 
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Ki  sERVOiR  No.  3  :  Horizontal  Cracks  in  Buttress,  and  Breaks  in  West 
Slope  and  Parapet,  September  28th,  1897. 
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Fig.  9. — Reservoir  No.  2  :  Cracks  in  Buttress  and  in  Parapet,  September  28th, 

1897. 
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Fig.  10. — Reservoir  No  1 


Ci;acks  IX  Parapet  Wall  and  West  Slope,  Septeatber 
28th,  1897. 


Fic:. 


11. — Reskkvoir  Xo.  4:  Cuack  in  Outer  Edge  of  Inclined  Roadway,  and  in 
Face  of  Slope  Above  Sub-Retaining  Wall,  September  26th,  1897. 
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Fig.  13. — Reservoir  No.  3  Since  Repairs  Were  Completed  in  1904. 


Fig.  14. — Reservoir  Xo.  4  Sinck  Rkpairs  Were  Completed  in  1904. 
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A  small  section  of  this  membrane,  showing  the  crack  which  devel- 
oped under  the  foregoing  test,  was  cut  out  at  the  conclusion  of  the  work, 
and  has  since  been  preserved.  A  recent  examination  shows  that  at  pres- 
ent this  sample  of  the  membrane  lining  has  a  considerable  degree  of 
flexibility,  notwithstanding  the  fact  that  it  has  been  stored  in  a  dry 
and  warm  room  for  12  years. 

In  laying  the  sheets  of  felt,  they  were  lapped  from  2  to  4  in.  at 
their  edges,  and  from  6  to  12  in.  at  their  ends,  there  being  three 
layers  of  felt  for  the  west  slopes  and  two  layers  for  the  remainder 
of  both  basins. 

Hegarding  the  effectiveness  of  the  water-proofing  work  and  the 
condition  of  the  reservoirs  at  the  present  time,  the  following  may  be 
stated:  When  the  basin  of  Reservoir  No.  3  was  first  filled,  in  March, 
1905,  after  the  relining  was  completed,  a  slight  seepage  through  the 
under-drain  was  observed  when  the  water  behind  the  dam  was  only 
about  10  ft.  deep,  the  slope  of  the  reservoir  bottom  being  such  that 
the  flow  line  did  not  then  extend  more  than  about  half  the  length 
of  the  basin.  The  system  of  drains  under  the  lining  centers  in  a  single 
6-in.  pipe  which  passes  through  the  base  of  the  dam,  the  flow  in  this 
pipe  being  controlled  by  a  gate  in  a  chamber  in  front  of  the  dam. 
The  measured  flow  from  this  drain,  when  first  observed,  was  only  at 
the  rate  of  about  8  000  gal.  per  day.  As  the  water  in  the  basin  arose, 
the  flow  from  the  drain  increased,  due  to  the  additional  head.  This 
has  been  the  case  every  time  the  reservoir  has  been  emptied  and 
refilled;  for  several  years  the  maximum  flow  when  the  reservoir  was 
full  has  been  about  36  000  gal.  per  day ;  and,  for  the  last  year  or 
more,  it  has  ranged  from  55  000  to  60  000  gal.  per  day. 

No  serious  attempt  has  been  made  to  repair  this  leak,  but  it  is 
thought  to  be  near  the  dam,  if  not  at  the  joint  between  the  lining 
and  the  vertical  face  of  the  dam. 

The  loss  of  water  is  not  a  serious  matter  at  present,  and  hence 
the  question  of  further  repairs  to  the  lining  has  not  been  consid- 
ered important.  It  can  be  said  that  this  is  the  only  defect  in  the 
work  undertaken  at  Reservoir  No.  3. 

At  Reservoir  No.  4  no  such  leakage  has  occurred.  At  this  basin, 
however,  a  slight  cracking  of  the  west  parapet  wall  has  been  detected, 
and  one  or  two  of  the  fence  posts  are  now  inclined  outward.     A  6-in. 
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space  was  left  between  the  top  of  the  slope  lining  and  the  parapet 
wall,  and  this  has  not  yet  been  closed  by  the  earth  pressure. 

Seepage  through  the  concrete  dams  has  been  in  evidence  for  some 
years  and,  in  consequence,  the  outer  faces  of  both  dams  of  Reservoirs 
Nos.  3  and  4  have  become  much  discolored  from  the  laitance  deposits 
(as  appears  from  an  examination  of  Figs.  13  and  14),  no  attempt 
having  been  made  to  water-proof  the  inner  or  water  face  of  the 
dam  at  either  reservoir  in  connection  with  the  relining  of  the  slopes. 

Figs.  4  to  T  show  the  workmen  at  Reservoirs  Nos.  3  and  4  engaged 
in  laying  and  coating  the  hydrex  felt  and  mixing  and  placing  the 
concrete  covering  at  different  stages  of  the  work. 

Figs.  8  to  14  show  the  reservoir  linings  before  repairs  were  com- 
menced and  the  basins  and  dams  as  they  now  appear. 

During  1894,  the  late  J.  D.  Schuyler,  M.  Am.  Soc.  C.  E.,  was  the 
Consulting  Engineer  in  charge  of  the  design  and  construction  of  the 
four  reservoirs  then  being  built  by  the  City,  including  the  City  Park 
Reservoirs,  Nos.  3  and  4,  described  herein. 

The  reclamation  work  described  in  the  original  paper  was  carried 
on  under  the  direction  of  the  late  Isaac  W.  Smith,  M.  Am.  Soc.  C.  E., 
who  was  Chief  Engineer  until  his  death  on  January  1st,  1897,  the 
writer  being  Principal  Assistant  Engineer  during  this  period.  Since 
that  date  the  writer  has  been  Chief  Engineer  in  charge  of  the  work 
herein  described. 
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Synopsis. 

The  San  Bernardino  Basin  is  a  closed  structural  basin  filled  with 
detrital  matter,  in  which  Artesian  conditions  are  created  by  an  imper- 
vious barrier  thrown  across  its  outlet.  The  barrier  is  locally  known  as 
Bunker  Hill  Dike.  Geologically,  these  conditions  are  the  result  of 
block  faulting.     (See  Plate  XIII.) 

There  are  marked  wet  and  dry  seasons,  and  a  wide  range  in  fluc- 
tuations of  seasonal  as  well  as  periodical  precipitation.  This  is  demon- 
strated by  the  residual  mass  curve  of  rainfall,  constructed  for  a  45-year 
period,  which  curve,  in  its  ascending  and  descending  branches,  indi- 
cates that  there  have  been  four  distinct  periods,  of  from  10  to  13  years 
each,  of  excessive  and  deficient  rains.     (Figs.  1  to  4.) 

Broadly  speaking,  variations  in  precipitation  call  for  corresponding 
variations  in  the  run-off  of  streams  tributary  to  the  basin.  (Figs.  4 
and  7.) 

Under  conditions  of  natural  draft,  ground-water  levels  fluctuate  in 
sympathy  with  precipitation  and  run-off.     There  is  a  well-defined  rela- 

NoTE. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  publishfd  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Tranaactions. 
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tion  between  the  elevation  of  the  Artesian  rim  of  an  Artesian  basin  of 
this  character,  and  the  quantity  of  rising  water  in  streams  and 
Artesian  wells,  and  pressure  in  such  wells.  (Figs.  5  and  6.)  The 
theoretical  head  at  any  point  in  the  Artesian  basin  is  equivalent  to  the 
difference  in  topographical  elevation  between  that  point  and  the  Arte- 
sian rim. 

The  Artesian  phenomena  of  pressure  and  flow  are  in  direct  sym- 
pathy with  the  rainfall  and  run-off  phenomena,  as  expressed  in  the 
residual  mass  curves.  The  residual  mass  curves  of  rainfall  and  run- 
off afford  a  safe  criterion  as  to  the  position  which  the  grotmd-water 
plane  naturally  should  occupy,  and  whether  artificial  abstractions  have 
materially  overdrawn  a  basin.     (Figs.  7  to  14.) 

The  maximum  natural  seepage  in  the  river  bed  of  the  Santa  Ana 
River  occurs  for  a  mile  or  two  above  the  Artesian  rim.  (Table  2.) 
The  effect  of  artificial  seepage  applied  near  the  rim  is  but  temporary, 
and  the  benefits  increase  the  farther  up  on  the  debris  cone  the  spread- 
ing is  practised.  The  center  of  the  spreading  works  on  the  Santa  Ana 
cone,  of  late  years,  has  been  about  4  miles  above  the  Artesian  rim,  and 
this  spreading  has  had  the  effect  of  diminishing  the  seasonal  drop  of 
the  water-plane  above  the  rim  by  3  or  4  ft.  per  year.  Contrary  to  com- 
mon opinion,  it  is  beneficial  to  practise  spreading,  even  during  years  of 
average  or  deficient  rains,  when  practically  no  flow  would  escape  beyond 
the  limits  of  the  basin,  provided  the  application  is  made  in  the  upper 
parts  of  the  debris  cone.     (Figs.  15  to  23.) 

The  cost  of  spreading  flood  water  varies  from  5  to  20  cents  per  acre- 
ft.,  a  maximiun  of  27  000  acre-f t.  having  been  spread  in  one  year.  The 
average  annual  net  conservation  is  estimated  as  in  excess  of  15  000 
acre-f t.  per  year,  and  valued  at  not  less  than  $100  000 ;  this  has  been 
accomplished  at  an  average  annual  expenditure  of  less  than  $2  000. 


The  San  Bernardino  Basin,  about  70  miles  east  of  Los  Angeles,  is 
a  closed  structural  basin  bordered  on  the  north,  east,  and  south  by 
granitic  and  schistose  mountains.  To  the  west  the  valley  is  open,  but 
the  underground  basin  is  closed  by  a  subterranean  barrier,  known 
locally  as  the  Bunker  Hill  Dike.  Plate  XIII  is  a  general  map  of  the 
basin.  The  dike  consists  of  impervious  clays  which  effectively  close 
the  basin  and  force  practically  all  the  underflow  to  the  surface.     The 
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basin  is  filled  with  alluvial  deposits  of  gravel,  sand,  and  clay  to 
unknown  depths,  the  deepest  borings  going  to  1 150  ft.  without  encoun- 
tering bed-rock.  The  deposits  are  porous  on  the  debris-cones  and 
receptive  to  the  absorption  of  flood  waters,  or  irrigation  water.  They 
are  graded  from  coarse  gravels  and  boulders;,  ;it  the  mouths  of  the 
canyons,  to  fine  silts  in  the  flats. 

The  Santa  Ana  River  has  cut  a  gap  in  the  dike  to  a  width  of  from 
1  to  li  miles,  in  which  the  impervious  strata  reach  probably  to  within 
100  ft.  of  the  surface;  and,  on  each  side  of  it,  the  dike  manifests  itself 
as  a  ridge  projecting  above  the  valley  floor.  The  effect  of  the  dike  has 
been  to  produce  an  Artesian  basin,  from  which  large  quantities  of 
water  rise  to  the  surface  and  escape,  either  in  rising  streams,  or  by 
evaporatidu  from  swamps.  The  maximum  area  of  the  Artesian  basin 
in  the  early  Nineties  was  21  sq.  miles.  The  water-shed  tributary  to 
the  Artesian  basin  is  720  sq.  miles,  of  which  560  sq.  miles  are  moun- 
tainous water-sheds  and  160  sq.  miles  are  foot-hills  and  valley  lands. 
The  average  annual  water  crop  amounts  to  about  280  000  acre-ft.,  and 
the  annual  use  is  about  200  000  acre-ft. 

Of  the  areas  irrigated,  there  are  within  the  basin  26  100  acres  of 
citrus  lands  in  the  Redlands  and  Highland  districts,  and  5  000  acres  of 
valley  land  planted  to  alfalfa  and  garden  truck;  outside,  there  are  the 
Riverside  Colony,  with  27  700  acres,  mostly  in  citrus  fruits,  and  the 
Rialto  and  Fontana  districts,  with  about  16  000  acres,  a  large  per- 
centage of  which  is  also  in  citrus  groves. 

The  total  value  of  the  land  depending  on  the  San  Bernardino 
Basin  for  its  water  supply  is  in  excess  of  $100  000  000. 

All  summer  flow  of  the  surface  waters  has  been  appropriated  for 
many  years,  and  during  the  last  20  years  increasing  quantities  of 
water  have  been  abstracted  by  Artesian  and  pumped  wells.  More  than 
50%  of  the  water  is  diverted  beyond  the  limits  of  the  San  Bernardino 
Basin.  Notable  among  the  concerns  which  export  w-ater  are  the  River- 
side Water  Company,  the  Gage  Canal  Company,  the  Riverside-High- 
land Water  Company,  the  City  of  Riverside,  the  Lytle  Creek  Water 
and  Improvement  Company,  the  Fontana  Company,  and  others. 

The  underground'  supply  of  the  basin  is  mainly  derived  from  the 
seepage  that  occurs  in  the  stream  beds  in  the  upper  part  of  the  debris 
cone  between  the  mouth  of  the  canyon  and  the  rim  of  the  Artesian 
basin.     Except  during  years  of  extreme  drought,  large  quantities  of 
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flood  water  escape  during  the  flood  season,  beyond  the  Artesian  rim, 
and  beyond  the  Bunker  Hill  Dike,  and  are  forever  lost  to  the  San 
Bernardino  Basin. 

Recently,  owing  to  an  action  in  the  Courts  filed  by  the  City  of  San 
Bernardino  against  the  City  of  Riverside  and  the  Riverside  Water 
Company,  the  hydrography  of  the  basin  and  the  effect  of  the  spread- 
ing of  flood  waters  have  been  made  the  subject  of  a  detailed  study,  the 
writer  having  been  one  of  the  engineers  engaged  by  the  defendants. 
In  order  to  eliminate  unnecessary  details,  the  scope  of  this  paper  will 
be  limited  to  the  eastern  portion  of  the  basin,  which  may  be  termed  the 
Santa  Ana  cone,  embracing  the  drainage  areas  and  debris  cones  of  the 
Santa  Ana  River,  Mill  Creek,  Plunge  Creek,  and  City  Creek. 

The  Residual  Mass  Curves  of  Rainfall  and  Run-off. 

There  are  no  local  rainstorms  in  Southern  California,  and  the 
Weather  Bureau  records  at  San  Bernardino  may  be  considered  typical 
of  the  distribution  of  rainfall  in  the  San  Bernardino  Basin  and  water- 
shed, relative  to  both  time  and  volume.  With  higher  altitudes  there 
is  a  proportionate  increase  of  precipitation,  up  to  the  elevation  of 
6  000  ft. 

TABLE  1. — Monthly  Precipitation  at  San  Bernardino, 
California. 


Month. 

Depth,  in  inches. 

Percentage  of  seasonal 
precipitation. 

3.708 
3.005 
2.764 
1.2-^2 
0.570 
0.081 
0.035 
0.172 
0.163 
0.600 
1 .343 
2.533 

22.9 

IS. 6 

17.1 

7.5 

May 

3.0 

0.5 

July 

0.2 

1.0 

1.0 

3.7 

8.3 

15.7 

16.194 

100.0 

The  distribution  of  the  precipitation  for  the  year,  at  San  Bernar- 
dino, is  shown  in  Table  1.  There  is  a  marked  difference  between  wet 
and  dry  seasons.  The  rainy  months  are  from  December  to  March, 
inclusive,  during  which  74%  of  the  seasonal  rainfall  occurs.     A  tabu- 
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latioii  of  seasonal  rainfall  at  San  Bernardino,  from  1S71  to  1916, 
inclusive,  is  3ho\\^^  on  Figs.  1  to  4.  It  is  difficult  to  grasp  the  general 
tendency  of  annual  variation  of  precipitation  from  tables,  nor  are  the 
l)erio(lical  fluctuations  easily  discerned.  In  order  to  overcome  this, 
residual  mass  cvirves  of  precipitation  have  been  prepared  for  three 
periods:  from  1870  to  1900,  1870  to  1910.  and  from  1870  to  1915. 
(Figs  1,  1'.  and  3.) 

These  curves  are  a  (liaiirnmniatic  presentation  of  aggregate  excesses 
nnd  deficiencies  of  precipitation;  an  ordinate  at  any  point  on  one  of 
them  is  the  difference  between  the  aggregate  rainfall  from  the  begin- 
ning of  the  period  of  record  to  the  date  considered,  and  the  aggregate 
rainfall  which  would  have  fallen  during  the  same  period  if  the  annual 
rate  had  been  the  observed  mean. 

Sucli  a  curve  is  partly  above  and  partly  below  the  zero  line.  It 
always  begins  near  the  zero  line,  and  necessarily  closes  on  the  same, 
regardless  of  the  length  of  the  period  considered.  For  this  reason  the 
{position  of  the  zero  line  is  of  no  consequence  as  regards  the  interpre- 
tation of  the  curve.  The  curve  is  in  descent  for  years  of  deficient 
precipitation,  and  in  the  ascent  for  years  of  excessive  rains.  If  the 
deficiencies  extend  over  a  period  of  years,  this  is  expressed  in  a  general 
downward  tendency,  as  from  1874  to  1883,  and  from  1893  to  1904,  and 
vice  versa.  Thus,  it  will  be  seen  that  there  are  four  distinct  periods 
from  1874  to  1916,  as  indicated  at  the  head  of  Figs.  1  to  4. 

These  mass  curves,  therefore,  indicate  the  cumulative  effect  of 
precipitation,  expressed  in  ascending  and  descending  branches  of  the 
curves.  An  analysis  made  at  the  close  of  the  season  of  1899-1900,  as 
shown  on  Fig.  1,  would  have  indicated  that  there  had  been  a  deficiency 
in  precipitation  for  the  7  preceding  years,  but  it  would  not  have  indi- 
cnted  that  in  1900  anything  like  average  conditions  had  been  reached. 
Compare  the  different  positions  of  the  point  marked  1900  in  Figs.  1,  2, 
and  3. 

Fig.  4  presents  the  residual  mass  curve  of  run-off  for  the  Santa 
Ana  River  for  46  years.  It  shows  the  same  characteristics  as  the  rain- 
fall mass  curve,  and  calls  for  a  like  interpretation.  The  observations 
from  1897  to  1916  are  from  measurements  made  by  the  Geological 
Survey;  the  volumes  given  for  the  years  1871  to  1897  are  deduced  from 
run-off  curves.  Generally  speaking,  the  fluctuations  of  the  run-off 
mass  curve  correspond  to  those  of  the  rainfall.     Deviations  are  due  to 
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the  fact  that,  for  equal  rains,  the  run-off  is  greater  if  the  preceding 
year  was  one  of  excessive  precipitation  than  if  it  was  a  dry  year.  The 
relation  which  variations  in  rainfall  bear  to  those  of  run-off  is  best 
studied  by  platting  the  residual  mass  curves  for  both,  as  expressed  in 
percentage  of  the  mean.  This  is  presented  in  Fig.  7.  In  this  diagram 
the  run-off  mass  curve  represents  the  entire  natural  water  crop  tribu- 
tary to  the  San  Bernardino  Basin,  the  rainfall  being  that  for  the  City 
of  San  Bernardino  only.  It  will  be  seen  that  the  fimctions  in  run- 
off are  from  50  to  100%  greater  than  those  of  corresponding  precipita- 
tion, both  for  maxima  and  minima. 

Ground-water  levels  generally  respond  to  variations  in  rainfall  and 
run-off,  and,  broadly  speaking,  should  hold  their  own  for  average  rains. 
A  series  of  years  of  deficient  rains  would  be  accompanied  by  deficient 
replenishment  and  the  corresponding  lowering  of  the  ground-water 
level,  though  nothing  short  of  a  continued  period  of  excessive  rains 
would  bring  about  a  recuperation  of  a  depleted  basin. 

The  residual  mass  ciirve  of  rainfall  or  of  run-off,  therefore,  may  be 
considered  as  a  reliable  indicator  of  the  status  of  the  ground-water 
level,  provided  conditions  of  natural  draft  obtain.  Furthermore,  if  the 
water  level  of  an  underground  basin,  which  is  artificially  drawn  upon, 
corresponds  to  the  position  indicated  by  the  mass  curve  of  precipita- 
tion or  run-off,  then  it  may  be  deduced  that  the  basin  fluctuates  in  the 
same  manner  as  under  natural  conditions,  and,  therefore,  is  not  being 
overdrawn. 

Considering  the  wide  range  in  fluctuations  of  the  seasonal  precipi- 
tation in  the  San  Bernardino  Basin,  ground-water  levels  should  be  sub- 
ject to  extensive  variations  from  natural  causes.  These  statements 
vnll  be  supported  by  facts  given  in  the  pages  following. 

The  Movement  op  Underground  Water. 
If  the  San  Bernardino  underground  basin  had  an  unobstructed  out- 
let to  the  west,  it  would  produce  the  common  phenomenon  of  underflow, 
with  velocities  of  percolation  of  probably  2  miles  per  annum,  or  there- 
abouts. Any  material  contribution  to  such  underflow  at  any  point  by 
means  of  spreading,  would  produce  what  might  be  called  an  advancing 
wave  of  underflow,  and  this,  in  due  time,  would  be  noticeable  at  points 
below  by  a  rise  in  the  water  surface,  a  fact  which  could  easily  be 
established  by  observations  on  a  series  of  wells  below  the  spreading 
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v/orks.  One  would  also  be  justified  in  crediting-  the  underground 
basin  with  the  total  quantity  of  water  spread.  However,  such  condi- 
tions do  not  exist  in  the  eastern  part  of  the  San  Bernardino  Basin. 


3  4 

Distance,  in  Miles 


Fig.  5  is  a  profile  of  the  Santa  Ana  cone  from  the  Bunker  Hill 
Dike,  following  approximately  the  course  of  the  river.  The  geological 
features  are  represented  diagrammatically  from  a  large  number  of 
well-logs. 
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Geologically  speaking,  according  to  investigations  by  Professor 
Kobert  T.  Ilill,  the  San  Bernardino  Basin  is  the  result  of  block  fault- 
ing. It  is  a  sunken  valley,  the  fill  of  which  consists  of  the  alluvial 
deposits  of  tlovving  streams.  It  is  probable,  however,  that  at  intervals 
tompbrary  lake  conditions  existed,  as  we  often  find  them  in  the  arid 
West,  and  this  may  partly  explain  the  origin  of  the  large  lenses  or 
layers  of  clay  which  play  a  prominent  part  in  the  formation  of  Artesian 
conditions.  The  large  clay  blankets  or  lenses  apparently  do  not  extend 
above  the  1  150-ft.  contour,  and,  under  normal  conditions,  this  contour 
seems  to  define  the  area  within  whi(!h  Artesian  flow  can  be  produced 
at  any  point.  Above  this  contour,  clay  strata  seem  to  be  isolated  and 
of  no  great  thickness,  so  that  seepage  waters  sink  without  being 
deflected  laterally.  In  1904,  at  the  end  of  a  period  of  deficient  rains, 
the  water-plane  above  the  Artesian  rim  had  followed  the  line  marked 
A-Aj.  With  copious  rains  during  the  last  10  years,  and  as  a  result  of 
artificial  spreading  of  flood  waters,  the  basin,  in  its  easterly  portion, 
has  been  refilled,  and  in  the  spring  of  1915  the  water-plane  was  in  the 
position  marked  B-B^.  Excessive  rains  during  the  winter  of  1915-16 
forced  the  water-plane  in  the  spring  of  1916  to  the  position,  C-C^, 
causing  an  overflow  at  the  edge  of  the  clay  strata. 

This  was  manifested  by  the  appearance  of  a  series  of  swamps  on 
the  Santa  Ana  cone  along  the  1 150-ft.  contour,  as  shown  on  Plate  XIII. 
A  map  prepared  in  1888  by  the  State  Engineer  of  California,  and 
testimony  of  settlers,  indicate  that  similar  swamps  had  existed  as  late 
as  1893  along  the  Artesian  rim  of  the  entire  basin.  This  was  toward 
the  end  of  the  wet  period  extending  from  1883  to  1893.  At  that  time 
no  large  Artesian  wells  liad  been  drilled,  and  artificial  abstractions 
were  limited  to  shallow  capped  wells  2  and  3  in.  in  diameter  in 
San  Bernardino.  It  may  be  stated,  therefore,  that  the  basin,  in  1893, 
was  in  its  natural  condition,  and  that  it  was  full  and  overflowing. 
Similar  conditions  obtained  again  in  the  easterly  part  of  the  San 
Bernardino  Basin  in  the  spring  of  1916. 

As  far  as  the  Santa  Ana  cone  is  concerned,  well  observations,  cover- 
ing a  period  of  several  years,  have  shown  that  the  seasonal  fluctuations 
of  the  water-jilane  above  the  rim  occur  in  the  same  manner  as  those  of 
the  surface  of  a  reservoir,  namely,  as  fluctuations  of  the  water-plane  as 
a  whole,  corresponding  to  seasonal  replenishment  and  depletion.  Dur- 
ing the  winter  there  is  a  rise  culminating  in  April  or  May;  and  during 
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the  summer  there  is  a  drop  in  the  water-plane  terminating  about 
October  and  as  late  as  December.  This  is  borne  out  by  the  diagrams 
of  Plate  XIV,  showing  the  fluctuations  of  a  number  of  surface  wells  of 
less  than  200  ft.  depth.  (For  location,  see  Plate  XIII.)  It  will  be  noted 
that  all  the  wells  reached  their  peaks,  as  well  as  the  low  points,  simul- 
taneously. There  is  a  marked  increase  in  the  magnitude  of  the 
fluctuations  with  the  higher  elevations. 

If  there  were  no  gravel  fill  above  the  rim,  then  the  surface  of  the 
water-plane  above  the  same  would  be  horizontal,  like  that  of  a  reser- 
voir, in  the  manner  indicated  by  the  line,  B-F-F^,  in  Fig.  5,  pro- 
ducing pressure  on  all  points  in  the  Artesian  basin  below.  Owing  to 
the  leakage  to  the  surface  of  large  quantities  of  water  in  the  Artesian 
belt,  there  must  be  a  continuous  down-stream  movement  of  water  in 
the  entire  subterranean  basin,  and  as  the  gravel  fill  causes  frictional 
resistance  to  percolation,  the  surface  of  the  water-plane  above  the  rim 
is  not  horizontal,  but  assumes  an  incline,  as  shown  in  the  lines,  A-A^, 
B-B^,  or  C-(7,. 

There  is  still  a  transmission  of  pressure  from  this  inclined  water- 
plane  on  the  waters  confined  below  the  Artesian  rim,  but  the  hydraulic 
head  at  any  point  is  equivalent  only  to  the  difference  of  the  topographic 
elevation  between  that  point  and  the  Artesian  rim. 

We  have,  therefore,  two  distinct  phenomena:  First,  a  transrriission 
of  pressure  from  the  water-plane  above  the  rim  on  the  confined  waters 
below  the  same,  and  second,  a  slow  down-stream  movement  of  the 
entire  body  of  underground  water. 

It  follows,  also,  that  there  must  be  sympathetic  action  between  the 
position  of  the  water-plane  above  the  rim  and  the  pressure  and  dis- 
charge of  Artesian  wells  and  the  flow  of  rising  streams  in  the  Artesian 
basin. 

This  statement  is  borne  out  by  well  and  stream  measurements  made 
in  this  basin,  extending  over  a  period  of  25  years.  A  selection  of  these 
is  presented  in  Figs.  7  to  14,  together  with  the  residual  mass  curve  of 
rainfall  for  San  Bernardino,  and  the  residual  mass  curve  of  run-off 
for  all  the  streams  tributary  to  the  basin,  expressed  in  percentage  of 
the  mean  for  a  45-year  period.  (See  Fig.  7.)  (For  location  of  wells, 
see  Plate  XIII.) 

Since  1900,  ground-water  fluctuations  have  been  influenced  by  grad- 
ually increasing  artificial  abstractions  and  by  artificial  spreading  of 
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flood  waters  on  the  Santa  Ana  debris  cone.  (See  Figs.  16  to  23,  and 
referred  to  in  the  section  following.) 

Beginning  with  Fig.  8 :  This  shows  the  highest,  or  spring  elevation, 
for  a  period  of  25  years,  of  the  water  surface  in  the  "Williams  well" 
of  the  Gage  Canal  Company,  6  in.  in  diameter,  depth  approximately  150 
ft. ;  it  is  at  an  elevation  of  1  152  ft.,  and  is  about  600  ft.  south  of  the 
present  stream  bed  of  the  Santa  Ana  River.  The  diagram  may  be  con- 
sidered as  representative  of  the  fluctuations  of  the  water-plane  near 
the  Artesian  rim  and  above  it. 

Fig.  9  gives  the  fluctuations  for  the  past  5  years  in  the  "'Dobbs 
well";  depth,  150  ft.,  more  or  less;  it  is  near  the  course  of  Plunge 
Creek,  a  tributary  of  the  Santa  Ana  River.  The  elevation  of  the  well 
is  1 267  ft.  Its  fluctuations  coincide  with  those  of  the  "Williams 
well." 

Fig.  10  gives  the  Artesian  flow  of  a  group  of  five  wells  called  the 
''McCrary  wells",  ranging  in  depth  from  350  to  600  ft.,  on  the  banks  of 
Warm  Creek  where  it  crosses  Baseline  Road ;  elevation,  1 093  ft. 
Slight  deviations  of  fluctuations  from  those  of  the  "Williams  well"  are 
explained  by  sympathetic  action  with  a  number  of  Artesian  wells  and 
pumping  plants  in  the  immediate  vicinity. 

Fig.  11  shows  the  spring  elevation  of  the  water  surface  of  the 
"Meacham  well",  depth  326  ft.,  which  is  |  mile  north  of  the  edge  of 
the  Santa  Ana  cone,  and  about  1^  miles  northeast  of  San  Bernardino; 
surface  elevation,  1  126  ft.  The  well  was  originally  Artesian,  the 
water  rising  to  an  elevation  of  1 146  ft.  This  well  is  in  sympathy  with 
the  deep  wells  of  San  Bernardino  and  the  Riverside  Water  Company 
in  the  "Antil"  sub-basin,  about  1  mile  east  of  San  Bernardino;  this 
well  has  been  called  the  barometer  of  this  sub-basin. 

Fig.  12  shows  the  flow  for  August  in  the  "Heap  well"  of  the  River- 
side Water  Company,  situated  in  the  "Antil"  sub-basin,  at  an  eleva- 
tion of  about  1  062  ft.  The  flow  of  this  well  is  aifected  by  that  of 
other  wells  in  the  vicinity. 

Fig.  13  shows  the  natural  flow  of  Warm  Creek  at  the  Riverside 
Water  Company's  intake  near  Colton,  for  June.  This  discharge  repre- 
sents rising  water,  as  much  as  90%  of  which  comes  from  the  Santa 
Ana  cone.  The  flow  of  Warm  Creek  is  representative  of  the  volume 
of  natural  rising  water  of  the  Santa  Ana  cone.  (However,  large 
volumes  of  water  rise  also  in  the  channel  of  the  Santa  Ana  River.) 
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Tlir  paralU'lisin  in  tlie  iliictuations  of  the  How  of  Warm  Creek  with 
those  of  the  flow  of  Artesian  wells,  and  with  the  water  surface  in  sur- 
face wells  above  the  rim,  is  demonstrated.  The  observations  depicted 
on  Figs.  8  and  13  extend  over  a  complete  cycle  of  dry  and  wet  years; 
they  indicate  the  return,  in  the  spring  of  1916,  of  conditions  in  the 
Santa  Ana  cone  similar  to  those  of  1893,  and  present  a  proof  of  the 
return  of  the  water-plane  to  its  former  highest  position. 

In  other  words,  the  artificial  draft  on  the  Santa  Ana  cone  has  not 
exceeded  the  replenishment  as  it  has  occurred  for  the  past  23  years, 
and  the  basin,  therefore,  has  not  been  overdrawn. 

The  intimate  relation  between  the  volume  of  rainfall  and  run-off 
of  the  tributary  streams  on  one  side,  and  the  fluctuations  in  the  water- 
plane  and  Artesian  flow  on  the  other  side,  is  easily  discerned  by  com- 
parison of  Fig.  7  with  Figs.  8  to  13. 

Admitting  that  in  1915-16  the  water-plane  in  the  eastern  portion 
of  the  San  Bernardino  Basin  has  returned  to  its  original  position  of 
1893- — and  this  in  the  face  of  a  very  material  artificial  draft — then  the 
residual  mass  curve  of  rainfall  and  run-off  apparently  does  present  a 
criterion  by  which  the  true  status  of  the  underground  supply  can  be 
determined  with  reference  to  a  long  period  of  years.  Without  the 
records  which  are  now  at  hand,  the  position  of  the  water-plane  in  1904 
might  have  appeared  exceedingly  alarming,  though  the  information 
which  wo  have  to-day  shows  that  this  condition  was  in  the  natural 
order  of  things,  and  that  recuperation  did  follow  in  due  time. 

Fig.  14  represents  the  fluctuations  of  the  water-plane  in  the 
•"Oldecker  well",  which  is  1^  miles  northwest  of  San  Bernardino,  at  an 
elevation  of  1 185  ft.,  and  outside  the  limits  of  the  original  Artesian 
belt.  This  well  belongs  to  the  Lytic  Creek  cone.  Until  1911  its 
fluctuations,  broadly  speaking,  corresponded  to  those  of  the  residual 
mass  curve,  and  to  those  of  the  other  wells.  In  1911-12,  however,  there 
was  still  a  rise  in  the  water  level,  which  might  indicate  a  lagging  of 
this  well.  From  1912  to  1915  there  was  a  continuous  decline  of  the 
water-plane  in  the  face  of  the  2  years  of  excessive  rains  of  1913  to  1915. 
The  inference  is  that  there  was  either  deficient  replenishment  in  the 
Lytic  Creek  cone  after  1912,  due  to  the  diversion  of  flood  waters  at  the 
mouth  of  the  canyon  of  Lytle  Creek,  or  that  there  was  an  excessive 
draft.  Observations  in  this  re.spect  seem  to  point  to  a  combination  of 
these  circumstances. 
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Fig.  14  tends  to  refute  any  theory  wliich  would  establish  the 
San  Bernardino  Basin  as  a  unit  in  which  there  is  a  perfect  transmis- 
sion of  pressure  from  one  end  of  the  basin  to  the  other.  It  has  been 
observed  that  in  San  Bernardino,  and  in  the  Lytle  Creek  cone  to  the 
west  thereof,  water  levels  in  1915-16  had  not  returned  to  their  original 
elevations  of  the  early  Nineties,  and  the  swamps  which  were  char- 
acteristic of  the  border  line  of  the  original  Artesian  basin,  had  not 
returned  in  the  Lytle  Creek  region. 

Some  observations  of  surface  wells  have  been  made  at  intervals 
from  1900  to  1916  by  the  U.  S.  Geological  Surv^ey.  These  have  been 
used  to  make  up  Fig.  6,  showing  profiles  of  the  water-plane  of  the 
Santa  Ana  cone  for  1900,  1904,  1915,  and  1916.  The  observations  in 
the  fall  of  the  year  present  the  lowest  water  levels  for  the  season. 
There  are  no  continuous  records  of  pressure  of  any  Artesian  well,  but 
for  1915  and  1916  the  pressure  is  given  for  the  Kehl  flume  well,  Heap 
well,  and  McCrary  wells,  together  with  the  hydraulic  gradient  of  the 
■water-plane  of  those  2  years.  The  friction  head  between  the  Artesian 
rim  and  the  Kehl  flume  well  for  the  spring  of  1915  was  approximately 
2  ft.  per  thousand,  and  was  caused  by  the  natural  leakage  which 
appears  in  rising  streams  and  swamps,  as,  at  the  time  the  measure- 
ments were  made,  but  few  Artesian  wells  were  open. 

Fig.  6  is  in  support  of  the  general  hydraulic  theory  which  has  been 
developed  in  the  discussion  of  Fig.  5. 

Another  point  to  be  brought  out  by  Fig.  6  is  that  a  piling  up  of 
water  on  the  debris  cone  has  occurred  for  the  past  12  years.  Storage 
in  the  debris  cone  is  practicable  up  to  the  point  where  the  basin  begins 
to  overflow  over  the  clay  blankets,  as  indicated  by  the  formation  of 
swamps. 

Spreading  of  Flood  Water. 

Seepage  water,  if  applied  on  the  cone  more  or  less  uniformly  from 
the  mouth  of  the  canyon  to  the  rim,  or  in  the  upper  part  of  the  cone, 
would  produce  a  simultaneous  rise  of  the  entire  plane  comparable  to 
the  change  from  the  position,  B-B^  to  C-C^,  Fig.  5,  and  the  applica- 
tion of  seepage  water  on  the  area  just  above  the  rim  would  produce  a 
plane  as  shown  by  the  line,  C-D-B^. 

Conservation  of  flood  water  by  spreading  has  been  accomplished 
mainly  on  the  cone  of  the  Santa  Ana  Eiver  proper,  which,  with  its 
tributary.  Mill  Creek,  controls  a  water-shed  of  250  sq.  miles.     It  was 
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first  practised  by  the  Gage  Canal  Company  as  early  as  1900,  during 
the  dry  i)eriod,  and  a  few  years  later  by  the  Riverside  Water  Company. 
Tlie  method  consisted  of  plowing  the  stream  bed  for  some  distance 
above  the  Artesian  rim,  thereby  preventing  a  sealing  up  of  its  pores, 
and  at  the  same  time  splitting  up  the  stream.  The  effect  was  a  change 
of  the  water-plane,  similar  to  the  one  shown  in  Fig.  5,  from  the  posi- 
tion, A-A^  to  B-F-A^,  or  from  B-B^  to  C-D-B^,  producing  an  imme- 
diate heavy  efflux  of  rising  water  in  the  channel  of  the  Santa  Ana 
Kiver  along  the  lines,  A-B  or  B-C.  As  storage  was  limited  to  com- 
paratively small  areas  situated  like  the  area,  A-F-B  or  B-C-D,  large 
portions  of  the  water  must  have  escaped  almost  as  fast  as  they  were 
put  under  ground,  so  that  the  effect  of  storage  was  only  temporary. 
However,  the  Gage  Canal  Company  enjoyed  annually  a  material 
increase  in  the  flow  of  the  river  during  the  early  part  of  the  summer. 

The  farther  up  the  spreading  is  practised  the  more  general  will  be 
the  benefit  on  the  entire  Artesian  basin.  In  1906  the  Gage  Canal 
Company  moved  its  spreading  works  into  the  vicinity  of  the  Santa  Fe 
Kailway  crossing,  and  in  1908  the  Riverside  "Water  Company  began  to 
spread  water  in  the  upper  parts  of  the  cone.  Their  efforts  were  united 
in  1909.  In  that  year  an  organization  of  citizens  representing  these 
two  companies,  and  other  local  water  companies,  was  perfected  and 
incorporated  under  the  name  of  "Water  Conservation  Association." 

Through  the  efforts  of  this  Association,  the  Federal  Government, 
by  legislative  act,  set  aside  certain  public  lands  in  the  Santa  Ana 
cone  to  be  used  as  spreading  grounds.  The  lands  were  of  no  practical 
value  for  agricultural  purposes,  being  covered  with  old  river  washes 
and  partly  overgrown  with  desert  brush.  The  Act  of  Congress  was 
under  date  of  February  20th,  1909.* 

Effective  work  has  been  carried  on  by  the  Association  since  1909, 
there  being  now  2  640  acres  under  its  control.  (For  location,  see 
Plate  XIII.)  It  has  filed  upon  500  sec-ft.  of  flood  water  of  the  Santa 
Ana  River.  A  permanent  concrete  lodging  house  for  laborers  has 
been  constructed  on  the  grounds,  and  three  concrete  diversion  weirs 
have  been  built,  of  a  total  capacity  of  200  sec-ft.  The  maximum  quan- 
tity of  water  diverted  during  any  one  day  has  been  about  170  sec-ft. 
The  center  of  the  spreading  works  is  about  4  miles  above  the  1 150-ft. 
contour. 


»  statute  No.  .36,  p.  641. 
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Method  of  Diverting. 

There  is  no  permanent  dam  on  the  Santa  Ana  debris  cone  for  the 
diversion  of  storm  waters,  and  this  portion  of  the  work  has  always 
been  the  most  difficult.  The  river  carries  great  quantities  of  debris 
during  floods,  with  boulders  many  tons  in  weight.  The  construction 
of  a  permanent  dam  on  the  debris  cone  would  sooner  or  later  cause  a 
material  change  in  the  course  of  the  river,  and  might  lead  to  extensive 
damages  in  the  valley  below.  Therefore,  only  temporary  dams  are 
built,  which  are  washed  out  with  every  high  flood.  In  1915,  at  the 
suggestion  of  Mr.  W.  E.  Pedley,  of  Riverside,  a  boulder  dam  was  con- 
structed, from  4  to  5  ft.  wide  on  top,  with  a  vertical  up-stream  slope, 
and  a  1  to  1  down-stream  slope;  height,  from  3  to  6  ft.;  length,  about 
200  ft.;  and  enclosed  with  hog-wire  mesh  of  No.  9  and  l^o.  11  gauge. 
The  dam  was  washed  out  during  the  same  winter.  A  similar  construc- 
tion was  used  during  the  winter  of  1916,  special  care  being  taken  to 
protect  the  down-stream  toe  with  large  boulders,  as  a  result  of  which 
the  dam  withstood  the  1916  flood ;  but  a  by-pass,  about  200  ft.  in  length, 
was  washed  out  around  the  western  abutment.  The  dam  cost  $581  for 
labor,  plus  $40  royalty  to  Mr.  Pedley.  The  writer  believes  that  such 
dams  will  withstand  moderate  floods  and  fulfill  the  purpose  for  which 
they  are  intended.  Brush  and  leaves  made  the  dam  fairly  tight, 
approximately  2  sec-ft.  seeping  away.  However,  the  logical  location 
for  diversion  dams  is  at  the  mouth  of  the  canyon,  where  permanent 
structures  can  be  maintained. 

Method  of   Spreading. 

Three  methods  of  spreading  are  practised.  First,  from  the  main 
diA'ersion  ditch,  small  streams  of  50  in.  or  less  are  diverted  and  split 
up  Into  furrows,  plowed  by  teams  or  made  by  hand.  As  long  as  no 
cutting  sets  in  in  the  furrows,  the  rate  of  absorption  is  quite  satis- 
factory, and  the  rivulets  are  not  disturbed.  During  1915  the  maximum 
wetted  area  covered  by  ditches  and  furrows  at  any  one  time  did  not 
exceed  50  acres,  and  diversions  varied  from  120  to  170  sec-ft.  The 
rate  of  absorption  observed  in  experiments  was  3.42  sec-ft.  per  acre  of 
wetted  area. 

The  second  method  consists  of  building  boulder  dams  in  the  old 
channels  of  the  debris  cone,  forming  small  reservoirs  or  ponds.     They 
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are  built  from  C  to  10  ft.  hicrh,  and  made  more  or  less  water-tight  by 
throwing  earth  against  the  \ip-stroam  face.  Nine  ponds  were  con- 
structed, covering  a  total  area  of  about  2  acres.  The  ponds,  at  the 
beginning  of  the  season,  absorb  from  2  to  2.3  sec-ft.  each;  but  their 
absorptive  capacity  decreases  as  the  bottom  becomes  silted  up,  and  at 
tlie  end  of  the  season  they  have  to  be  scraped.  A  third  method,  tried 
as  an  experiment,  consisted  in  the  construction  of  a  5  by  5-ft.  tim- 
bered pit,  40  ft.  deep;  cost  $483.  Only  clear  water  was  admitted,  and 
the  absorption  did  not  exceed  0.7  sec-ft.  constant  flow. 

The  method  of  spreading  by  splitting  up  the  stream  into  furrows 
is  probably  the  most  efficient,  althougli  ponds,  once  constructed,  prove 
quite  satisfactory,  requiring  but  little  attention.  From  January  1st 
to  May  31st,  1915,  one  foreman,  two  men,  and  one  team,  were  employed 
in  spreading  from  120  to  170  sec-ft.  The  total  volume  of  water 
diverted  was  26  527  acre-ft.,  and  the  total  expenditure,  $2  600. 

Along  the  spreading  ditches  and  furrows  desert  brush  begins  to 
die  off.  No  water  is  spread  during  the  first  day  or  two  of  a  storm, 
when  the  water  is  muddy. 

It  has  been  claimed  that  large  quantities  of  water  spread  will 
evaporate.  However,  this  is  not  substantiated  by  facts.  The  evapora- 
tion from  still  water  in  Southern  California  varies  from  60  to  72  in.  in 
depth  per  year,  and  in  swamps  it  is  approximately  96  in.  per  year. 
The  percentage  of  evaporation  dviring  the  winter,  from  January  to» 
May  31st,  is  less  than  one-third  of  the  total  for  the  year.  For  a  wetted 
area  of  50  acres,  as  observed  in  1915,  and  assuming  evaporation  from 
spreading  grounds  equivalent  to  that  from  swamps,  the  total  evapora- 
tion would  not  exceed  133.3  acre-ft.,  w'hich,  compared  with  the  total  of 
26  527  acre-ft.  of  water  spread,  woukl  be  insignificant. 

In  order  to  determine  the  volume  of  net  artificial  absorption,  it  is 
necessary  to  ascertain  the  natural  absorption  which  would  occur  in  the 
river  bed  for  a  given  stream  discharge.  Table  2  shows  the  percentage 
of  absorption  measured  in  the  stream  bed  between  various  stations,  for 
the  season,  1914-15.  (For  location  of  stations,  see  Plate  XIII.)  The 
center  of  natural  absorption  is  about  2  miles  above  the  1 150-ft.  con- 
tour, that  is,  in  the  vicinity  of  Orange  Street. 

Fig.  15  shows  the  natural  absorption  curve  for  the  Santa  Ana  River 
above  the  Artesian  rim.*  It  presents  averages  for  the  rainy  season  of 
1915,  and  is  the  resiilt  of  a  great  number  of  observations  made  under 
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varying  conditions,  and  with  widely  differing  results.  Stream  gaug- 
ings  were  made  by  wading,  and  were  limited  to  discharges  of  less  than 
200  sec-ft.  Generally  speaking,  the  rate  of  absorption  is  much  greater 
after  heavy  storms,  when  the  stream  bed  has  been  torn  up ;  a  prolonged 
period  of  constant  flow  tends  to  silt  up  the  pores  of  the  channel.  The 
percentage  of  absorption  decreases  with  increased  flow,  because  of 
greater  velocities.  On  the  other  hand,  increased  depth  of  water  and 
increased  pressure  would  tend  to  produce  greater  percolation. 

TABLE  2. — Average  Peiicentage  of  Absorption  of  Flow  of 
Santa  Ana  River  from  the  Junction  with  Mill  Creek  to 
THE  Artesian  Rim  near  Palm  Avenue. 


Absorption 

percentage 

per  mile. 


For  a  flow  of  150  see-ft.  at  the  junction  of  Santa  Ana  River 
and  Mill  Creek  the  loss  is  as  follows  : 

From  junction  to  Station  2 — i^  mile 

"      Station2toStation3— 0.8  mile 9.5  13 

"      3"        "        4—^  mile 16  21.3 

"       4"        "        5— Orange  St.  11^  miles 30  20 

"      5"        "        0—1  mile 30  30 

"  "      6  to  point  of  rising  water,  1^  mile  (uncertain).  5  10  (?) 

Assuming  now  a  stream  discharge  of  200  sec-ft.,  of  which  150 
sec-ft.  are  to  be  diverted  and  spread,  50  sec-ft.  remaining  in  the  stream : 
According  to  the  absorption  curve  of  Fig.  15,  of  the  flow  of  50  sec-ft., 
22  sec-ft.  are  absorbed  in  the  natural  stream  channel.  The  total 
absorption  accomplished,  therefore,  is  150  -|-  22  =  172  sec-ft.  The 
probable  natural  absorption  for  a  discharge  of  200  sec-ft.  would  have 
been  108  sec-ft.,  leaving  64  sec-ft.,  or  42^%,  as  net  artificial  absorption. 
On  the  basis  of  similar  computations  for  daily  flow  and  diversions. 
Table  3  has  been  made  up,  which  shows  the  total  net  artificial  absorp- 
tion accomplished  from  1912  to  1915.  The  average  is  48.7%,  or  prac- 
tically 50%  of  the  quantity  of  water  spread. 

During  years  of  low  run-off  the  percentage  of  net  absorption  is 
necessarily  less,  as  the  natural  absorption  is  comparatively  large,  and 
but  small  quantities  escape.  On  the  other  hand,  during  wet  winters, 
in  excess  of  60%  of  the  water  spread  presents  net  artificial  absorp- 
tion. 

The  benefits  from  spreading  are  two-fold:  First,  there  is  the  above 
mentioned  increase  in  the  volume  of  water  which  reaches  the  under- 
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ground  basin;  second,  on  account  of  the  application  of  spread  waters 
about  2  miles  liiirber  up  on  the  debris  cone,  as  compared  with  the  loca- 
tion of  the  main  natural  seepage,  there  is  an  increase  in  the  length  of 
time  for  which  the  underflow  is  stored,  and  this  applies,  not  only  to 
the  volume  of  net  artificial  absorption,  but  to  the  total  water  put  under 
ground. 

The  result  is  a  delay  in  the  time  of  efflux  of  the  water  which  is 
applied  at  greater  distance  above  the  rim.     Some  light  is  thrown  on 
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the  subject  by  a  study  of  the  fluctuations  of  the  "Williams  well", 
sufficiently  frequent  observations  of  which  are  available,  from  1898 
to  date.  See  Figs.  16  to  23.  The  well  is  600  ft.  south  of  the  present 
channel  of  the  Santa  Ana  River,  at  an  elevation  of  1 152  ft.,  and, 
therefore,  near  the  Artesian  rim  when  the  basin  is  full.  In  Fig.  20 
the  semi-seasonal  fluctuations  of  this  well  are  shown,  together  with 
other  data  which  bear  on  the  subject. 


1494  HYDRAULIC  PHENOMENA,  SAN  BERNARDINO  BASIN,  CAL.   [Papers. 

TABLE  3. — Conservation  Accomplished  in  Santa  Ana  Cone  from 

1912   to   1915. 


Date. 


1913 

March 

April 

May 

Total  for  1911-12 

1913 

February 

March 

Total  for  1912-13 

1913 

November 

December 

1914 

January 

February 

March 

April 

May 

Total  for  1913-14 

1914 
December 

1915 

January 

February 

March 

April 

May 


Total 
quantity 
spread,  in 
acre-feet. 


4  405 

4  170 

508 


Total 
absorption 

a(!com- 
plislied,  in 
acre-feet. 


4  802.0 
4  880.0 
1  130.0 


ei5 

1  424 


10  812.0 


1  004.0 

2  063.7 


Computed 

natural 
absorption 

in  river 
bed  without 
spreading, 

in 
acre-feet. 


Net  Artificiat., 

Absorption  Due  to 

Spreading. 


2  875 

3  186 
834 


6  895 


709 
1  0-17 


In 
acre -feet. 


1  927.0 

1  694.0 

296.0 


Percentage. 


3  917.0 


295.0 
1  015.7 


44.0 
40.5 
58.0 


4S.0 
71.0 


3  039 


3  066.7 


1  756 


115 
215 


370.0 
673.2 


370 
1)01 


1  310. 


00.0 
72.3 


0.0 
34.0 


330 


3  970 

4  745 
7  462 
1  900 

5  544 


5  881.0 
7  784.0 
7  827.0 
4  410.5 

6  078.0 


3  885 
5  576 
5  123 

3  780 

4  000 


1  996.0 

2  208.0 

3  704.0 
680.5 

3  078.0 


51.3 
46.7 
36.2 
33.0 
37.5 


23  621 


31  980.5 


9  616.5 


713 


1  213 

4  580 

7  800 
4  014 

8  930 


1  322.0 


1  957.0 
9  235.0 
9  668.0 
8  993.0 
14  624.0 


1  186 

7  220 
6  151 
6  663 

8  580 


475.0 


771.0 

2  015.0 

3  517.0 
2  830.0 
6  044.0 


67.0 


64.0 
44.0 
45.0 
58.0 
67.0 


Total  for  1914-15. 


27  240 


45  699.0 


30  547 


Average  net  absorption . 


15  153.0 


48.7 


The  run-off  of  the  Santa  Ana  Eiver  is  representative  of  the 
stream  flow  which,  in  part,  produces  the  natural  replenishment  of 
the  underground  basin.     The  artificial  abstractions  by  the  Gage  Canal 
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Company  and  the  Eiverside  Water  Company  are  representative  of 
fluctuations  of  draft  on  the  basin.  Both  these  companies  utilize  the 
flow  of  rising  streams,  which  they  supplement  by  the  output  from 
wells.  There  has  been  a  steady  increase  in  abstractions  by  other 
parties,  notably  by  the  City  of  San  Bernardino,  the  City  of  River- 
side, the  Riverside-Highland  Water  Company,  and  by  farmers  operat- 
ing within  the  limits  of  the  Santa  Ana  cone.  In  the  absence  of  sys- 
tematic measurements,  these  abstractions  are  indicated  by  a  dash 
line;  in  a  moderated  form  they  are  subject  to  fluctuations  similar  to 
those  of  the  Riverside  Water  Company  and  the  Gage  Canal  Company. 

The  effect  of  spreading  can  be  observed  in  a  general  way  in  a 
moderation  of  the  fluctuations  in  the  "Williams  well"  from  1907  to 
1916.  Other  conditions  being  equal,  the  magnitude  of  seasonal  fluc- 
tuations of  the  water-plane  depends  on  the  position  of  the  plane,  that 
is,  whether  the  basin  is  full  or  in  a  state  of  depletion.  The  higher 
the  water-plane  the  greater  will  be  the  pressure  on  the  Artesian  strata 
and  the  larger  the  volume  of  water  escaping,  and,  therefore,  the  greater 
the  seasonal  drop;  and  vice  versa.  On  the  other  hand,  with  equal 
replenishment,  the  seasonal  rise  is  greater  for  a  depleted  plane  than 
for  a  full  basin. 

This  phenomenon  is  shown  in  detail  in  the  6th  and  7th  profiles  of 
Plate  XIV.  Comparing  seasons  where  conditions  of  rainfall  and  run- 
off are  alike,  the  effect  of  artificial  spreading  should  be  noticeable 
by  a  greater  seasonal  rise.    This  is  shown  in  Table  4. 


TABLE  4. — Seasonal  Rise. 
(Figs.  16  to  23.) 


Season. 

Rainfall, 
in  inches. 

Run-off, 
in  acre-feet. 

Seasonal  rise. 

Williams  well, 

in  feet. 

Additional  rise 

attributed  to 

spreading, 

in  feet. 

1902  03 

17.43 

59  600 

+  8.0 

~j 

I          +  3.5 

1909  10 

15.03 

58  000 

-f  10.5 

1 

1901-02 

11.15 

36  300 

-f-0.48 

■] 

I           +  1.3 

1912  13 

11.08 

37  600 

+  1.8 

1 
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A  still  bcttei-  criterion  is  represented  by  the  seasonal  drop,  as 
shown  in  Fig.  22.  It  will  be  noticed  that  after  1907,  and  up  to  1911, 
the  drop  became  more  uniform,  vai^ying  from  8  to  9.5  ft.  From  1911 
to  1915  it  has  fluctuated  between  6.5  and  7.5  ft.  Prior  to  1907  a 
higher  water-plane  generally  caused  a  greater  seasonal  drop,  but, 
subsequent  to  1907,  this  rule  does  not  obtain,  as  is  shown  by  Table  5. 

TABLE  5.— Seasonal  Drop. 
(Fig.  22.) 


Season. 

Rainfall, 
in  inches. 

Depth  to  water, 

Williams  well, 

in  feet. 

Seasonal  drop, 
in  feet. 

Reduction  of  seasonal 
drop  attributed  to 
spreading,  in  feet. 

1900-01 

17.36 

20 

-11.18 

1902-03 

17.42 

30 

-8.62 

1910-11 

16.40 

4.5 

-7.01 

1.61  to  4.17 

1913-14 

21.45 

5.5 

—  7.03 

1.58  to  4.15 

It  may  be  stilted,  therefore,  that  the  eifect  of  spreading  has  been  to 
increase  the  seasonal  rise  and  decrease  the  seasonal  drop  of  the  water- 
plane  above  the  Artesian  rim.  Apparently,  the  higher  up  on  the 
debris  cone  the  spreading  process  is  practised  the  longer  will  be  the 
time  of  storage  and  the  greater  the  benefit. 

A  reduction  of  the  seasonal  drop  of  from  2  to  3  ft.  at  the  Artesian 
rim  is  equivalent  to  an  average  of  from  3  to  4  ft.  for  the  entire  basin 
of  the  Santa  Ana  cone  above  the  rim.  This  means  that,  as  a  result  of 
spreading,  a  prism  of  valley  fill  of  a  base  area  equivalent  to  the  area 
of  the  Santa  Ana  cone  above  the  rim,  and  of  an  average  height  of 
from  3  to  4  ft.,  has  been  annually  preserved  in  a  saturated  condition. 
The  area  referred  to  is  approximately  15  000  acres,  and  the  volume  of 
the  prism  is  from  45  000  to  GO  000  acre-ft.  Allowing  one-third  for 
voids  in  the  gravel  fill,  the  annual  beneficial  storage  would  be  not  less 
than  15  000  acre-ft.  The  value  of  1  acre-ft.  of  water  in  the  San  Ber- 
nardino country  varies  from  $5  to  $8,  and  the  annual  benefit  due  to 
spreading  operations  may  be  estimated  at  $100  000.  The  expenditures 
for  spreading  have  varied  from  $1  000  to  $3  000  per  year,  and  the  cost 
per  acre-foot  of  water  put  under  ground,  from  5  to  20  cents. 
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The  foregoing  analysis  also  points  to  the  benefits  to  be  derived  from 
the  spreading  of  flood  waters  during  years  of  moderate  and  deficient 
rains,  when  the  stream  bed  naturally  absorbs  all  the  fiow,  provided, 
however,  that  the  spreading  is  done  in  the  upper  parts  of  the  cone. 

It  is  of  interest  to  note  that  the  variations  in  artificial  abstrac- 
tions from  1911  to  1915,  as  depicted  in  Fig.  23,  do  not  seem  to  affect 
the  seasonal  drop,  meaning  that,  whatever  the  volume  of  artificial 
abstractions  may  have  been  during  those  years,  it  was  less  than  the 
quantity  of  water  which  would  naturally  have  escaped. 

The  question  arises  whether,  in  view  of  the  3  years  of  excessive 
rains,  from  1913  to  1916,  the  water-plane  would  have  returned,  regard- 
less of  spreading  operations.  Rainfall  conditions  during  these  years 
were  very  much  like  those  of  1904  to  1907,  when  spreading  was  done, 
but  on  a  small  scale.  The  effect  during  these  years  was  a  rise  in  the 
Williams  well,  from  a  depth  of  42.87  ft.  in  the  fall  of  1904,  to  8.1  ft. 
in  the  spring  of  1907,  or  a  total  of  34.77  ft.  On  the  other  hand,  in  the 
fall  of  1913 — that  is,  at  the  beginning  of  the  last  3-year  period  of 
excessive  rains — the  water  stood  only  at  a  depth  of  20.57  ft.  In  view 
of  this,  it  is  believed  that  the  water-plane  in  1916  would  have  returned 
to  its  original  elevation  of  the  early  Nineties,  regardless  of  spreading. 
It  was  observed  that  large  vokimes  of  rising  water,  varying  from  80 
to  150  sec-ft.,  appeared  in  the  Santa  Ana  River  in  the  spring  of  both 
1915  and  1916,  indicating  that  in  the  spring  of  1915  the  basin  was 
full  and  beginning  to  overflow,  and  that  a  large  percentage  of  the 
spread  water  must  have  flowed  out  over  the  Artesian  rim. 

This  fact,  however,  does  not  impair  the  value  of  spreading  opera- 
tions. Undoubtedly,  for  a  number  of  years  prior  to  1915,  the  water- 
plane  was  maintained  at  a  higher  elevation,  and  parallel  therewith 
the  flow  of  rising  streams  and  wells  in  the  valley  was  greatly  in  excess 
of  what  it  naturally  would  have  been,  annually  shortening  thereby 
the  time  during  which  deficiencies  in  Artesian  flow  had  to  be  supple- 
mented by  pumping.  Furthermore,  if,  prior  to  1915,  we  had  entered 
a  period  of  dry  years,  the  basin  would  have  been  in  better  condition 
to  tide  over  the  same. 
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To  BE  Presented  November  7th,  1917. 


Synopsis. 

The  object  of  this  paper  is  to  call  the  attention  of  engineers  to 
the  fact  that,  in  designing  drainage  improvements,  it  is  often  neces- 
sary to  anticipate  the  subsidence  of  muck  and  peat  lands  subsequent 
to  drainage. 

The  results  of  some  observations  made  in  England  on  the  subsidence 
of  drained  muck  and  peat  lands  are  reviewed,  and  the  results  of 
first-hand  observations  in  Louisiana  and  Florida  are  shown  in  detail 
on  profiles. 

It  was  evident  that,  in  small  districts  drained  by  pumps,  the  sub- 
sidence was  not  a  very  important  feature,  but  that  in  large  gravity 
drainage  districts  covered  with  deep  muck  or  peat,  where  slopes  .were 
slight  and  the  available  fall  was  small,  subsidence  would  be  of  suffi- 
cient magnitude  to  make  a  change  in  design  necessary. 


It  has  long  been  a  matter  of  common  knowledge  that  swamp  lands, 
which  have  soils  containing  a  large  percentage  of  vegetable  matter, 
subside  when  drained  and  cultivated.  In  the  Fenland  of  England 
such  soils  have  been  drained  and  cultivated  for  a  long  period,  with  a 
consequent   change  in   surface  elevation.      This   change  has  been  of 

XOTE. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  Invited  from  those  who  cannot  be  present  at  the  raeetinK. 
and  may  be  sent  by  mall  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Tranaactions. 
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such  magnitude  that  it  has  made  necessary  the  altering  of  a  majority 
of  the  pumping  plants  that  formerly  gave  adequate  drainage  to  the 
lands  they  served.  It  is  believed  that  it  will  be  best  to  give  the 
actual  figures  from  a  few  representative  cases  rather  than  to  state 
any  general  figures. 

In  the  Memoirs  of  the  Geological  Survey  of  England  and  Wales 
for  1877  there  appears  a  volume  written  by  S.  B.  J.  Skertchly  on 
the  "Geology  of  the  Fenland."  Mr.  Skertchly  mentions  the  general 
sinking  of  the  surface  on  all  the  cultivated  and  drained  Fens,  where 
there  is  muck  or  peat  on  the  surface,  and  gives  definite  figures  for 
several  locations.  In  1848,  an  iron  column,  graduated  in  feet  and 
inches,  was  sunk  down  through  the  peat,  in  the  Middle  Level  of  the 
Great  Bedford  Level  in  the  vicinity  of  Whittlesey  Mere,  into  the 
solid  clay,  so  that  the  top  of  the  column  was  level  with  the  surface.* 
This  column  bears  on  the  capital  the  inscription,  "Level  of  the  Ground 
in  1848."  When  Mr.  Skertchly  measured  the  subsidence  of  the 
surface  on  August  25th,  1870,  he  found  it  to  be  7  ft.  8  in.  The 
subsidence  was  measured  again  in  1875  and  found  to  be  7  ft.  9  in. 

Richard  F.  Grantham  statesf  that  in  1876  after  erecting  new 
engines  and  pumps,  made  necessary  by  the  subsidence  of  the  land, 
the  total  subsidence  was  then  observed  to  be  8  ft.  This  was  evidently 
after  the  new  pumping  plant  had  been  put  in,  hence  the  drop  of 
3  in.  in  a  year,  due  to  the  lowering  of  the  water-table.  In  1913 
the  total  subsidence  was  observed  by  Mr.  Grantham  to  be  10  ft. 
The  peat  at  this  point  was  originally  18  ft.  thick. 

Mr.  Skertchly  in  his  "Geology  of  the  Fenland"  also  gives  a  table 
of  the  subsidence  at  this  and  other  localities.  This  table  is  reproduced 
as  Table  1. 

The  observers  for  the  data  in  Table  1  were: 
No.  1.  W.  H.  Wheeler. 

2-5.  W.  W(5lls.     Journals  Royal  Agricultural  Society,  Vol. 
XXL  I860. 

6.  S.  B.  J.  Skertchly. 

7.  W.  Wells. 

8.  W.  Marshall. 

9.  S.  B.  J.  Skertchly. 

*  Journal,  Royal  Agricultural  Society,  Vol.  XXI,  1860. 

t  Proceedings,    Institution   of   Mechanical    Engineers,    London,    July,    1913. 
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TABLE  1. — Compression  of  Peat  by  Drainage 


1501 


No. 

Locality. 

Dates. 

en 

o 

Is 

0  jr  a 

B  p 
0  — 
0 

p'  . 

_    ?    01 

0  j;  £ 

8^ 

-.2  M 
eg  VI  eg 

0^ 

1 

East  Fen 

180(i-66 
IH.il-CO 

do. 

do. 

do. 
1848-70 
1848-75 

1854-74 

60 
1) 
9 
9 
9 
22 
27 
26 

6  ' 

18 
18 
18 
18 
18 
18 
10 
8 

24 
42 
59 
66 
73 
92 

9a 

52 
37 

0.4 

4.7 

6.6 

7.4 

8.1 

4.18 

3.44 

5.2 

1.85 

88.3 
19.5 
27.3 
30.5 
83.8 
42.6 
43.0 
43.3 
88.5 

0  55 

2 

Whlttlesea  Mere 

2  2 

s 

3  0 

4 

U                              11 

3.4 

.i                              H 

3  7 

6 

>t                              .1 

1  9 

8 

1.59 
1  7 

g 

1  9 

In  commenting  on  Table  1,  Mr.  Skertchly  states: 

"The  mean  annual  percentage  of  compression  from  the  above  data 
is  2.2,  which  under  similar  circumstances  may  be  taken  as  the  rate 
for  a  long  series  of  years.  By  'similar  circumstances'  is  meant  low- 
lying  peat  in  which  very  little  fall  can  be  obtained  for  the  drains; 
for  it  is  clear  that  if  drains  could  be  cut  deep  into  or  through  the 
peat  the  compression  would  be  more  rapid." 

Swamp  soils  which  are  largely  of  vegetable  origin  are  classed  as 
cumulose  by  the  United  States  Bureau  of  Soils,  with  the  subdivisions 
of  peat,  peaty  muck,  and  muck.  Peat  is  composed  almost  entirely 
of  partly  decomposed  vegetable  matter;  muck  has  a  considerable 
percentage  of  silt,  clay,  and  sand  mixed  with  well-decayed  and  finely- 
divided  vegetable  matter.  The  different  types  merge  into  each  other. 
Although  it  is  not  certain  that  all  the  soils  considered  in  this  paper 
•would  be  properly  classed  as  muck  soils,  the  term  will  be  used,  because 
it  will  probably  fit  most  of  the  cases  and  because  it  is  in  common 
usage  in  Southern  Louisiana  and  Florida.  The  purpose  of  this 
paper  is  not  to  classify  the  soils  examined,  but  to  give  a  recital  of 
facts  observed. 

The  writer  has  been  engaged  for  the  past  7  years  in  making 
investigations  of  the  drainage  of  muck  soils  in  Southern  Louisiana 
and  for  the  past  2  years  has  had  charge  of  similar  work  in  Florida. 
This  work  was  carried  on  for  the  U.  S.  Department  of  Agriculture, 
Office  of  Public  Roads  and  Rural  Engineering,  Division  of  Drainage 
Investigations,  and  was  under  the  immediate  supervision  of  the  Divi- 
sion Chief,  S.  H.  McCrory,  M.  Am.  Soc.  C.  E.,  under  the  general 
direction  of  L.  W.  Page,  M.  Am.  Soc.  C.  E.,  Director  of  the  Bureau. 
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The  subsidence  of  such  soils  is  due  to  three  main  causes :  drying, 
decay,  and  cultivation.  Shrinkage  and  the  consequent  subsidence, 
due  to  drying,  affects  most  the  top  layer,  but  it  extends  in  a  decreasing 
rate  as  deep  as  the  soil  is  drained.  Tests  have  shown  that  undrained 
Louisiana  muck  shrinks  about  60%  in  volume  when  completely  dry, 
and  that  it  will  regain  only  70%  of  its  original  volume  when  saturated 
for  a  long  time.  Therefore,  long-continued  dry  weather  and  deep 
drainage  cause  a  shrinkage  in  the  deeper  layers  of  muck  w^hich  is  not 
counterbalanced  by  an  increase  in  volume  due  to  subsequent  pre- 
cipitation, or  rising  of  the  water-table.  Only  such  part  of  the  muck 
as  is  always  saturated  is  entirely  free  from  shrinkage  due  to  drying. 

The  vegetable  material  in  muck  soils  exists  in  a  state  of  partial 
decay.  In  the  undrained  state  it  is  saturated  with  water  to  such  an 
extent  that  the  process  of  decay  is  relatively  slow.  After  drainage 
the  air  enters,  and  decay  is  rnuch  more  rapid.  The  warm,  humid 
climate  of  Southern  Louisiana  and  Florida  is  very  favorable  to  the 
rapid  decay  of  vegetable  material,  much  more  so  than  in  places  where 
the  surface  is  frozen  for  a  part  of  the  year.  Like  the  effect  of 
drying,  that  of  decay  is  greatest  in  the  top  layer  of  material;  but 
examination  has  shown  that,  after  some  years  of  drainage,  the  char- 
acter of  the  muck  at  a  depth  of  2  ft.  had  been  materially  changed 
from  its  condition  prior  to  drainage.  Although  the  effect  of  decay 
is  not  as  rapid  in  action  as  that  due  to  drying,  it  is  practically 
continuous.  The  complete  decay  of  the  vegetable  material  causes 
some  loss  of  weight  and  a  considerable  loss  in  volume,  thus  gradually 
reducing  the  surface  elevation  of  the  muck. 

As  the  effect  of  both  the  foregoing  agencies  is  greatest  in  the  top 
layer  of  the  muck,  the  density  of  this  top  layer  is  gradually  increased. 
After  this  comparatively  dense  material  attains  a  thickness  of  a 
few  inches,  it  prevents  free  circulation  of  the  air  into  the  muck 
below,  and  then  drying  and  decay  are  much  slower  in  their  action. 
Eventually,  this  layer  attains  such  a  thickness  that  further  subsidence 
of  the  surface  is  scarcely  noticeable. 

Cultivation  increases  the  subsidence  directly,  by  the  mechanical 
effect  of  weight  compacting  the  soil,  and  indirectly,  by  increasing 
the  action  of  drying  and  decay.  Muck  soils  which  are  so  soft  after 
drainage  that  they  will  not  permit  of  the  use  of  farm  animals  and 
machinery  are  compacted  from  4  to  6  in.  by  the  first  plowing.     This 
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first  pldwijij;'  is  usually  done  with  some  form  of  tractor,  witli  broad 
wheels  which  cover  jiractically  all  the  surface  plowed.  Subsequently, 
when  the  muck  is  cultivated  with  farm  animals  and  machinery,  the 
surface  receives  unit  pressures  far  greater  than  those  exerted  by  the 
broad-wheeled  tractor,  and  a  further  compacting  results.  The  under- 
lying material,  which  is  turned  to  the  surface  by  plowing,  is  exposed 
to  a  greater  drying  action  than  would  otherwise  result.  Decay,  also, 
is  hastened  in  the  material  thus  brought  to  the  surface.  It  is  the 
experience  in  cultivating  new'ly-reclaimed  muck  soils  that,  for  a 
number  of  years  after  the  first  cultivation,  a  uniform  depth  of  plowing 
will  bring  to  the  surface  each  year  a  considerable  layer  of  muck 
which  was  undisturbed  by  the  previous  year's  plowing.  This  layer 
of  new  material  gradually  decreases  in  thickness,  as  the  thickness  of 
the  layer  of  plowed  material  gradually  increases.  Finally,  the  cul- 
tivated layer  attains  such  a  density  that  the  combined  forces  of  drying, 
decay,  and  compacting  reduce  its  thickness  very  little.  If  the  land  is 
not  plowed  deeper  than  this  layer,  the  subsidence  of  the  remaining 
muck  is  very  slow;  but,  if  the  land  is  plowed  deep  enough  to  reach 
undisturbed  muck,  further  subsidence  results. 

The  rate  at  which  these  agencies  cause  muck  soils  to  subside  has 
been  uncertain,  and  it  was  with  the  idea  of  getting  definite  infor- 
mation that  the  writer  was  authorized  to  make  comprehensive  field 
investigations.  The  work  was  undertaken  in  Southern  Louisiana  in 
the  spring  of  1915,  and  in  Florida  in  the  early  spring  of  1916.  The 
field  work  in  Louisiana  was  done  by  the  writer,  and  the  work  in 
Florida  by  Mr.  F.  E.  Staebner  under  the  direction  of  the 
writer.  In  all,  22  districts  were  examined.  The  investigations 
covered  muck  ranging  in  depth  from  a  few  inches  to  16  ft. ; 
it  included  undrained  muck,  that  which  had  been  under  culti- 
vation for  IT  years,  and  that  which  had  such  a  lar^e  percentage 
of  vegetable  material  that  it  would  perhaps  properly  be  classed  as 
peat;  it  also  included  other  muck  which  contained  a  large  percentage 
of  river  silt.  Profiles  were  run  on  the  drained  and  undrained  muck. 
Samples  of  muck  were  taken,  and  the  weight  of  the  dry  material,  per 
cubic  foot,  was  determined.  An  attempt  has  been  made  to  place 
all  the  information  gathered  on  the  profiles.  Figs.  1  to  13,  in  such 
a  manner  that  the  details  for  each  district  can  thus  be  more  readily 
grasped  than  from  lengthy  descriptions. 
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The  number  over  the  title  of  each  profile  on  Figs.  1  to  6  corre- 
sponds with  the  number  on  the  map  of  Southern  Louisiana,  Plate  XY, 
showing  the  reclamation  districts.  The  title  of  the  Florida  districts, 
Figs.  14  to  18,  gives  the  number  and  name  of  the  district,  and  the 
county  in  which  it  is  situated.  The  date  on  which  the  land  was 
first  drained  is  stated  on  each  profile;  in  practically  every  case  the 
land  was  saturated  continuously  before  drainage.  The  datum  for 
each  profile  is  arbitrary,  and  is  chosen  so  that  zero  is  below  any  ele- 
vation platted.  On  several  of  the  districts  in  Louisiana  the  levels 
were  referenced  to  the  Cairo  datum.     In  running  the  Florida  profiles, 
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access  was  not  always  possible  to  exact  mean  sea  level  datum,  but 
that,  in  all  cases,  is  approximately  the  datum.  The  upper  line  on 
nearly  every  profile  is  the  elevation  of  the  original  undrained  surface. 
Where  the  district  was  only  recently  drained,  the  present  surface  ele- 
vations were  usually  so  near  the  original  that  a  separate  line  for  the 
original  surface  is  not  shown.  It  will  be  noted  that  the  line  showing 
the  elevation  of  the  original  surface  is  usually  marked  "Original 
Surface  (Approx.)."  This  does  not  mean  that  there  is  any  doubt 
about  the  elevation  of  the  original  surface,  but  merely  that  the  line 
does  not  represent  an  actual  profile  taken  in  the  field  prior  to  drainage. 
In  the  Louisiana  investigations  the  elevation  of  the  original  surface 
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was  usually  determined  by  a  profile  taken  on  the  undrained  land 
parallel  with  the  one  on  the  drained  land  and  as  close  as  possible 
to  it.  Due  to  the  uniformity  in  the  elevations  of  the  land,  it  is  con- 
sidered that  the  error  introduced  by  this  method  would  not  be  greater 
than  0.2  ft.,  except  for  small  surface  inequalities.  Practically  all  the 
muck  lands  of  Southern  Louisiana  are  only  a  foot  or  two  above  sea 
level,  and,  as  shown  by  the  profiles,  are  almost  flat.  Before  drainage 
the  lands  are  saturated  continuously  and  usually  flooded  several  inches 
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deep.  The  elevation  of  the  undrained  land  around  a  district  could 
change  but  very  little,  except  for  a  slight  subsidence  due  to  the  slight 
surface  drainage  furnished  by  the  canals  along  the  levees  in  the  drained 
district.  Any  change  that  did  occur  would  make  the  apparent  sub- 
sidence of  the  drained  land  less  than  it  really  was.  In  running  the 
profiles  on  both  the  drained  and  the  undrained  lands,  the  elevations 
on  lines  perpendicular  to  the  profile  were  taken  at  frequent  intervals, 
which  showed  that  the  land  was  level  crosswise  to  the  profiles.  Where 
the  profile  is  marked  ''Original   Surface",  data  were  available  which 
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were  taken  before  the  land  was  drained.  Although  the  elevation  of  the 
lands  cxaniincMl  in  llorida  is  considerable,  such  lands,  also,  are  almost 
Hat.  In  nearly  every  case  the  "Original  Surface  (Approx.)"  is  platted 
from  profiles  run  on  the  center  line  of  canals  since  constructed.  As 
shown  on  Figs.  14  to  18,  the  profiles  were  then  run  parallel  to  these 
canairi  and  a  short  distance  from  them.     The  same  precautions  as  in 
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the   work   in   Louisiana   were   taken   in   order   to   make   sure  that   the 
land  did  not  slope  crosswise  to  the  line  of  profile. 

The  second  line  from  the  top  shows  the  surface  elevation  at  the 
time  the  profiles  were  run.  Notes  indicate  how  long  the  surface  had 
been  cultivated  at  that  time.  The  depth  and  spacing  of  the  field 
ditches  are  shown  on  some  of  the  profiles  by  vertical  lines  drawn  to 
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scale;  on  others  the  depth  and  spacing  are  indicated  by  a  note.  The 
small  maps,  Figs.  14  to  18,  show  the  direction  of  the  small  field  ditches 
with  respect  to  the  profile.  Usually,  the  surface  near  the  deeper  ditches 
and  canals  is  lower,  because  that  portion  has  been  drained  deeper  and 
longer  and  has  been  cultivated  for  a  longer  time.  This  is  especially 
noticeable  on  District  No.  10  (Fig.  3).  Here  the  large  collecting 
ditches  are  at  intervals  of  about  half  a  mile.  From  the  first  they 
have  been  kept  at  a  depth  of  about  3  ft.     The  small  field  ditches 
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between  these  collecting  ditches  have  been  in  very  poor  condition  most 
of  the  time  since  the  first  drainage,  the  average  depth  of  drainage 
being  about  1  ft.  until  the  latter  part  of  1914.  However,  when  it  was 
decided  to  cultivate  the  land  back  from  the  collecting  ditches,  the 
field  ditches  were  cleaned  out  to  a  depth  of  nearly  3  ft.  After  a 
few  years  more  of  cultivation  this  difference  in  subsidence  in  this 
particular  district  will  be  less  noticeable,  and  will  eventually  disappear. 
^The  approximate  location  of  the  water-table  is  shown  by  another 
line.     As  the  2  months  previous  to  the  field  examinations  were  with- 
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out  rain,  the  water-table  was  uniformly  lower  than  usual.  Where 
this  line  is  marked  "Average  depth  of  drainage"  it  refers  to  the  aver- 
age condition,  rather  than  to  the  particular  one  which  existed  when 
the  examinations  were  made.  The  standard  depth  for  field  ditches 
in  these  lands  has  been  3  ft.  However,  the  ditches  deteriorate  very 
rapidly,  and  their  average  depth  has  been  about  2  ft.  In  most  of  the 
districts  the  average  depth  of  drainage  has  been  not  more  than  2  ft., 
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and  for  a  large  portion  of  the  time  it  was  only  1  ft.  As  the  surface 
subsided  the  ditches  had  to  be  continually  deepened,  in  order  to  afford 
even  the  shallow  depth  of  drainage  just  mentioned.  As  a  general 
proposition,  it  might  be  stated  that  the  lands  on  which  the  profiles 
were  run  suffered  from  too  shallow  drainage  during  a  portion  of  the 
time  since  they  were  first  drained,  and  the  water-table  was  probably 
never  lowered  farther  below  the  surface  than  would  be  considered 
good  drainage  practice. 
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The  approximate  boundary  between  the  muck  and  the  underlying 
strata  is  shown  by  still  another  line.  Borings  and  excavations  were 
made  at  frequent  intervals,  but  there  was  no  attempt  to  get  a  com- 
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plete  and  accurate  profile  on  the  bottom  of  the  muck.     Quite  often, 
the  muck  merges  gradually  into  the  silty  clay  or  sand,  so  that  the 
boundary    between    the    two    can   be    determined    only    approximately. 
The  error  in  the  location  of  this  line  is  probably  not  more  than  0.5  ft. 
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1  Mile  Post 


Where  the  districts  had  been  cultivated  so  long  that  the  muck  had 
practically  disappeared,  this  line  is  omitted  from  the  profile. 

Samples  of  soil  were  taken  to  as  great  a  depth  as  possible,  in  both 
the  drained  and  undrained  muck,  and  in  such  a  manner  that  they 
form  a  continuous  column 
from  the  Surface  down- 
ward. Each  sample  had  a 
depth  and  diameter  of  4 
in.,  except  on  the  first  dis- 
trict examined  in  Louisi- 
ana, where  the  depth  was 
C)  in.  In  a  few  of  the  dis- 
tricts, a  small  layer,  per- 
haps 1  in.  thick,  inter- 
vened between  the  sam- 
ples, but,  thou.iih  allow- 
ance is  made  for  this  layer, 
in  the  depth  of  the  sample 
below  tlie  surface,  it  is 
considered  that  this  does 
not  aifect  the  accuracy  of 
the  determination  of  the 
average  weight  of  the  soil. 
The  samples  were  all  sun- 
dried  as  rapidly  as  pos- 
sibU',  and  when  weighed 
were  apparently  complete- 
ly dry.  The  weight  of 
dry  material  per  cubic 
foot  of  original  sample 
was  then  calculated.  All 
these  samples  are  shown 
on  the  profiles  at  their  true  fig-  is. 

vertical  scale  and  location,  with  the  weight  of  dry  material  per 
cubic  foot.  By  adding  the  weights  of  the  various  layers  and 
correcting  for  the  fact  that  the  thickness  of  each  is  not  a 
foot,  the  total  weight'  of  a  section  of  a  given  depth  can  be 
obtained.     Especial   attention  is  called  to   the   weight  per  cubic   foot 
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of  the  top  layer  of  drained  and  cultivated  muck.  The  soils  which 
have  been  cultivated  longest  are  the  heaviest.  The  weight  of  a  column 
of  muck  before  and  after  drainage  and  cultivation  can  be  obtained 
by  taking  the  weights  above  a  given  level.  This  should  be  taken  as 
deeply  as  the  samples  are  given  for  the  undrained  muck,  so  as  to 
get  as  low  as  possible  in  the  drained  portion.  The  layers  of  muck 
iu  the  drained  portion  show  an  increase  in  weight  a  good  distance 
below  the  surface.  In  most  cases  the  column  weighs  less  after  drain- 
age and  cultivation,  due  to  loss  in  weight  by  decay. 

The  small  maps,  Figs.  14  to  18,  show  the  locations  of  the  Florida 
profiles.  These  profiles  were  referenced  so  that  they  can  always  be 
relocated  in  the  field.  Permanent  bench-marks  were  set  near  all 
of  them.  Thus  it  will  be  possible  from  time  to  time  to  measure 
additional  subsidence  of  the  surface  shown  on  these  profiles.  Oppor- 
tunity was  offered  in  1916  to  repeat  the  profiles  on  the  first  district 
examined  in  Louisiana.  The  profile  shows  very  clearly  that  a  lowering 
of  the  water-table  changed  the  elevation  of  the  deep  muck  on  this 
district.     As  yet,  there  has  been  no  repetition  of  the  other  profiles. 

It  is  the  intention  of  the  Division  of  Drainage  Investigations  to 
repeat  these  profiles  at  regular  intervals  for  a  long  term  of  years. 
Where  sufficient  time  has  elapsed  to  make  a  considerable  change  in 
the  elevation  and  character  of  the  soil,  samples  of  the  soil  will  be 
taken,  and  the  weight  of  dry  material  will  be  determined,  as  in  the 
original  investigations  These  profiles  will  thus  form  a  history  of 
the  drainage  of  each  district. 

It  is  clearly  evident  that  in  planning  drainage  improvements  for 
areas  of  deep  muck  land,  some  provision  should  be  made  for  the 
gradual  but  certain  decrease  in  elevation  of  the  surface.  In  relatively 
small  districts,  where  drainage  is  secured  by  pumps,  this  decrease  can 
be  met  easily  by  lengthening  the  suction  pipes  on  the  pumps.  As 
the  drainage  channels  in  such  soft  soils  require  considerable  main- 
tenance in  the  earlier  years  of  drainage,  they  can  be  deepened  accord- 
ingly. Where  the  land  is  drained  by  gravity,  the  elevation  of  the 
water  at  the  outlet  is  usually  fixed,  and  a  change  in  elevation  of 
the  land  to  be  drained  will  mean  a  revision  of  the  hydraulic  gradient 
in  the  main  drainage  channels,  with  the  consequent  change  in  width 
and  depth  of  the  channels. 
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MULTIPLE-ARCH  DAMS 
ON  RUSH  CREEK,  CALIFORNIA 

Discussion.* 


Bv  L.  R.  JoRGENSEN,  M.  Am,  Soc.  C.  E.f 


L.  R.  JoRGENSEN,:]:  M.  Am.  Soc.  C.  E.  (by  letter). § — Throughout  Mr. 
the  discussion  there  has  been  a  tendency  to  compare  the  cost  of 
multiple-arch  dams  with  that  of  gravity  dams.  As  a  general  rule,  it 
can  be  said  that  the  multiple-arch  dam  is  the  cheaper,  the  more  ex- 
pensive the  building  material.  For  dams  of  moderate  height,  it  is 
probably  always  cheaper,  but  not  for  heights  of  more  than  130  ft. 
The  only  sure  way  of  finding  out  is  to  estimate  the  cost  of  each  type 
for  any  given  location. 

The  system  of  struts  has  not  been  designed  to  help  to  prevent  set- 
tlement or  sliding  of  the  buttresses;  it  cannot  do  that,  and  it  is  not 
necessary,  for,  in  these  particular  cases,  the  rock  foundation  is  pos- 
sibly twice  as  strong  in  shear  and  crushing  as  the  concrete  in  the 
buttresses.  The  struts  are  to  stiffen  the  buttresses,  and  to  transmit 
any  unequal  arch  thrust  which  normally  might  exist  at  any  place, 
due,  for  instance,  to  the  adjacent  arches  being  built,  during  periods 
of  different  temperatures,  into  the  side-hill  where  the  struts  are  an- 
chored. The  two  struts  close  to  the  arch  (Fig.  4)  will  also  transmit 
to  the  side-hill  the  abnormal  unbalanced  thrust  which  might  occur 
should  one  arch  accidentally  fail,  thereby  preventing  a  complete  col- 
lapse of  the  dam.  Should  the  struts  fail  at  the  same  time  as  the 
corresponding  arch — which  is  probable — the  unbalanced  thrust  would 

•  Discussion   of   the   paper  by   L.   R.   Jorgeusen,    M.   Am.   Soc.    C.   E.,    continued 
from  August,   1917,  Proceedings. 
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have  to  be  taken  up  in  tension  by  the  steel  in  the  line  of  struts  on 
each  side  of  the  break.  The  eig'ht  1-in.  square  rods  should  be  able 
to  hold  400  000  lb.,  as  there  are  no  laps  between  the  knee-braces  belong- 
ing to  the  different  buttresses.  The  triangular  girder  mentioned  on 
page  418*  simply  stiffens  the  up-stream  ends  of  the  buttresses  so  that 
they  will  stand  up  between  points  of  application  of  the  struts.  The 
struts  then  transmit  the  unbalanced  thrust  to  the  side-hill,  either  by 
tension  or  compression,  or  by  both. 

Mr.  Blackwell's  criticism  as  to  spillway  ..capacity  has  been  answered 
by  Mr.  Duryea.  There  occurs  no  i^recipitation  of  such  quantity  as 
to  cause  flood  when  the  reservoir  is  full.  During  the  season  of  maxi- 
mum ice  pressure — that  is,  in  late  winter  or  early  spring — Gem  Lake 
Reservoir  will  be  nearly  empty.  Agnew  Lake  Reservoir  is  to  be  used 
as  a  forebay,  and  the  daily  fluctuations  will  break  up  the  ice;  there- 
fore, it  has  not  been  deemed  necessary  to  design  these  dams  for  ice 
pressure. 

In  comparing  the  three  forms  of  multiple-arch  dams  mentioned  by 
Mr.  Flinn,  the  writer  regards  the  one  with  the  sloping  up-stream  face 
as  the  best  and  only  one  to  consider.  In  this  construction,  the  water 
pressure  acting  on  the  sloping  face  is  the  largest  single  factor  con- 
tributing to  stability,  and  this  factor  would  be  absent  in  a  dam  having 
a  vertical  face. 

As  to  the  leakage  of  different  types  of  dams,  this  will  depend  much 
more  on  the  care  with  which  they  are  constructed  than  on  their  type 
and  design. 

The  writer  agrees  with  Mr.  Scheidenhelm,  that,  after  all,  in  the 
case  of  multiple-arch  dams,  one  must,  for  perfect  safety,  insist  on  an 
unyielding   foundation. 

As  an  example  of  the  influence  of  the  time  factor,  let  it  be  as- 
sumed that  an  arch  is  subjected  suddenly,  or  during  an  interval  of 
a  few  hours,  to  a  temperature  drop,  penetrating  tlirough  the  arch 
material,  of,  say,  80°,  sufficient  to  cause  a  niaximum  tension  in  the 
concrete  of,  say,  300  lb.  per  sq.  in.  If  this  same  temperature  drop 
of  80°  was  brought  about  during  an  interval  of  20  or  more  days,  the 
tension  in  the  concrete  would  only  amount  to  about  100  lb.  per  sq.  in., 
and,  naturally,  the  tendency  to  form  cracks  would  be  much  less  than 
in  the  first  case.  Daily  temperature  changes  will  hardly  penetrate 
the  arch  sufficiently  to  have  any  practical  eft'ect,  but  seasonal  tem- 
perature changes  will,  and  here  is  where  the  action  of  the  time  factor 
tends  to  lessen  the  tendency  to  form  cracks  by  making  the  concrete 
stretch  more  for  the  same  stress,  because  the  change  has  been  slow. 
The  publication  by  Mr.  F.  R.  McMillan,  referred  to  on  page  410,* 
*  Proceedings,  Am.  Soc.  C.  E.,  March,  1917. 
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{^ivi's   detailed   results  of  iiuiuerous  tests  of  this  nature,  and  is  very       Mr. 
interesting.  Jor^^ensen 

Tlie  multiple-arch  dam  at  Oj^dtn,  Utah,  referred  to  by  Mr.  Weg- 
nianu  and  Mr.  Williams  is  of  unusually  conservative  design,  and  it  is 
no  wonder  that  the  bid  price  was  only  from  12  to  15%  lower  than 
the  bid  price  on  an  ordinary  gravity  dam  for  the  same  site,  as  Mr. 
Goldmark's  design  surely  has  a  very  much  larger  factor  of  safety  than 
the  ordinary  gravity  dam. 

Mr.  Douglas  says,  "The  unit  price  of  masonry  for  the  multiple- 
arch  dam  is  out  of  all  proportion  to  that  of  the  gravity  dam,  as 
illustrated  by  the  price  of  $2'2  per  cu.  yd.  given  by  the  author."  This 
high  price,  however,  is  due  to  the  high  cost  of  the  material  at  this 
particular  place  (Gem  and  Agnew  Lakes),  and  not  to  the  >type.  A 
multiple-arch  dam  in  an  accessible  location,  and  where  conditions  are 
ordinarily  favorable,  can  be  constructed  for  $13  i)er  cu.  yd.,  and  this 
price  may  possibly  include  the  steel  reinforcement. 

Mr.  Douglas  is  correct  in  stating  that  frictional  resistance  can 
only  act  after  the  section  has  failed  under  shear.  One  should  rely 
on  shear  or  friction.  The  maximum  unit  shear  of  approximately 
106  lb.  per  sq.  in.  existing  at  Elevation  80  below  the  crest  can  hai'dly 
be  considered  excessive.  In  this  case  the  area  of  the  arch  ring  has 
been  added  to  the  area  of  the  buttress  proper,  as  both  must  act  to 
resist  shear  at  the  same  time.  The  fact  that  there  is  a  very  large 
vertical  load  should  be  of  some  comfort,  as  it  improves  the  ability  of 
the  buttresses  to  withstand  actual  shear. 

The  stress  on  the  buttresses  is  given  between  two  limits  on  pages 
416  and  417.*  The  following  formula  (which  can  be  found  in  some 
Handbooks)  gives  the  maximum  stress  on  any  horizontal  plane  more 
definitely: 

Ideal  maxunum  stress  =  — X  unit  vertical  compression 

2  m 

H r V  (unit  vertical  compression)^  +  4  (unit  horizontal  shear)^ 

(m  =  Poisson's  ratio  =  5  for  concrete).     Then,  at  Elevation  80, 

Ideal  maximum  stress  =  0.4  X  192  +0.6    \/l9'2^  +  4  X  106^ 
=  76.8  +  171.6  =  248.4  lb.  per  sq.  in. 

It  is  true,  as  pointed  out  by  Mr.  Nishkian,  that  the  stress  produced 
by  the  normal  component  of  the  arch  thrust  on  the  buttress  is  greater 
than  this  ideal  stress.  This,  however,  is  the  case  only  toward  lower 
elevations,  where  the  "column"  is  very  short;  the  normal  component 
of  the  arch  thrust  diminishes  rapidly  toward  higher  elevations.  The 
*  Proceedings,  Am.  Soc.  C.  E.,  March,  1917. 
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Mr.  ideal  maximum  stress  of  248.4  lb.  per  sq.  in.  diminishes  less  toward  the 
upper  system  of  struts;  and,  although  the  column  ratio  is  about  20, 
there  miijht  be,  and  very  likely  is,  some  column  action  due  to  the 
ideal  maximum  stress. 

Both  Mr.  Nishkian  and  Mr.  Williams  point  to  the  elliptical  arch  as 
being  the  most  correct  form.  Thus  far,  the  writer  has  contended  that 
the  additional  work  of  making  a  three-centered  arch  would  outweigh 
any  possible  gains;  however,  he  will  soon  see  how  the  elliptical  arch 
works  out  on  a  multiple-arch  dam  structure  with  the  construction  of 
which  he  is  connected. 

The  writer  cannot  agree  with  Mr.  Williams  that  the  arch  can  be 
of  uniform,  or  diminishing,  thickness  downward  from  the  point  of 
one-third  the  height  of  dam.  Even  though  the  stresses  may  not  be 
excessive,  the  penetrating  power  of  water  increases  with  the  depth, 
and,  therefore,  the  thickness  of  the  wall  should  increase  logically.  It 
must  be  kept  in  mind  that  even  a  sweat  on  the  down-stream  face  will 
produce  icicles  in  cold  weather,  and  it  is  not  yet  known  to  what  extent, 
if  any,  this  will  damage  good  concrete.  It  is  known  that  it  damages 
poor  concrete.  Good  concrete  is  fairly  water-tight,  and  gunnite  is 
remarkably  so,  but,  nevertheless,  it  requires  great  care  to  construct  a 
water-tight  structure.  Some  of  the  arches  on  the  Gem  Lake  Dam  are 
absolutely  tight,  some  of  them  sweat  in  places,  and  a  few  drip  in 
places.  A  few  small  springs  have  formed  behind  the  dam,  and  a 
trickle  of  water  comes  under  one  arch;  but,  all  told,  the  total  leakage 
is  very  small. 

Some  tests  were  carried  out  in  the  Laboratory  of  the  University 
of  California  on  the  water-tightness  of  plaster  "shot"  on  the  dam  face 
with  a  cement  gun.  Several  plaster  slabs,  from  f  to  IJ  in.  thick,  made 
at  Gem  Lake,  were  tested  with  water-pressures  ranging  from  700  to 
1 600  ft.,  for  several  hours,  with  no  moisture  coming  through  the 
slab.  One  1-in.  slab  held  a  head  of  1  610  ft.  for  2i  hours  without 
showing  moisture,  then  the  water  pressure  was  raised  gradually  to 
3  400  ft.,  and  the  specimen  br'oke  in  bending,  having  leaked  a  little 
just  before  breaking. 

Mr.  Howson  states  the  case  correctly  when  he  says  that  a  rock-fill 
dam  is  best  adapted  to  a  site  where  the  underlying  bed-rock  across  the 
floor  of  the  canyon  is  covered  by,  say,  from  20  to  30  ft.  of  over-burden, 
as  it  is  only  necessary  to  carry  a  thin  cut-off  wall  down  through  the 
overlying  material. 

The  author  thanks  those  participating  in  the  discussion  for  the 
interest  shown. 
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AN  AERIAL  TRAMWAY  FOR  THE  SALINE  VALLEY 
SALT   COMPANY,   INYO   COUNTY,   CALIFORNIA 

Discussion.* 


By  F.  C.  Carstarpiien,  M.  Am.  Soc.  C.  E.f 


F.  C.  Carstarphen,:):  M.  Am.  Soc.  C.  E.  (by  letter). § — The  writer  Mr. 
appreciates  the  favorable  tenor  of  the  discussion  which  has  been  p^hen^""' 
presented.  Several  points  mentioned  by  Mr.  Lamb  are  worthy  of 
note.  The  first  deals  with  the  question  of  the  price  of  salt,  which 
no  doubt  was  of  great  importance  to  the  promoters  of  the  Saline 
Valley  Salt  Company,  but  was  only  of  passing  interest  to  the  builders 
of  the  tramway.  Information  as  to  the  prices  which  can  be  obtained 
for  salt  on  the  Pacific  Coast  shows  that  they  range  from  $3.50  to 
$40.00  per  ton,  depending  on  the  grade  and  character.  Ocean  salt 
sells  for  about  $3.50  per  ton,  which  is  somewhat  less  than  the  computed 
retail  price  of  $26.70  per  ton  for  salt,  at  the  rate  of  7^  lb.  for 
10  cents.  It  is  the  writer's  understanding  that  milled  salt  suitable 
for  table  use  sells  wholesale  at  from  $16  to  $20  per  ton,  so  that  with 
the  ample  demand  of  the  fisheries  and  other  users  of  salt  on  the 
Pacific  Coast  and  in  the  Northwest  territories,  the  development  of 
the  Saline  Valley  salt  field  was  considered  by  its  promoters  to  be 
a  worthy  business  enterprise. 

Mention  has  been  made  of  the  lencth  of  the  tramway  built  for 
the  American  Copper  Company,  of  Grand  Encampment,  Wyo.  The 
writer  quotes  from  a  report  on  file  relative  to  this  line: 

'"The  tram  was  built  in  four  sections  of  about  four  miles  to  each 
section.  The  first  section  from  the  smelter  to  Station  1  was  approxi- 
mately four  miles  in  length,  with  a  raise  of  perhaps  4%  across  an 
almost  level    prairie.    The  buckets  were  transferred  there  from  Section 
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Mr.  1  to  Section  2.  etc.  Section  2  was  almost  four  miles,  and  the  first 
^ph'en'^'  t^^se  miles  above  Station  1  was  a  gradual  raise  of  probably  4  per  cent. 
For  the  last  mile  of  Section  2  the  raise  was  probably  12%,  and  crossed 
one  or  two  deep  gulches.  Station  2  to  Station  3  was  over  a  rough 
broken  country.  It  consisted  of  long  spans  and  some  very  high  towers. 
From  Station  3  to  the  loading  station  the  tramway  crossed  the  Con- 
tinental Divide.  Station  3  was  in  a  canyon,  and  the  mine  was  also 
in  a  canyon.  The  tramway  line  raises  probably  3  000  ft.  between 
the  two  terminals   along   Section   3. 

"This  tramway  is  of  the  old  Leschen  lug  type;  one  of  the  first 
four  cable  tramways  built  by  that  company.  The  lugs  consist  of  a 
piece  of  sheet  steel  bent  around  the  cable  and  a  cast-iron  button 
or  Ivtg  riveted  into  this  steel,  and  this  button  in  turn  entered  into 
channel  irons  on  the  buckets  by  means  of  triggers  and  slide  bars. 
There  is  one  of  the  same  type  of  tramways  at  the  Sunnyside  Mine, 
Silverton,  Colo. 

"The  cables  on  the  tramway  at  Encampment  were  of  the  6  by  7 
long  lay  type,  and  probably  1|  or  1^  in.  in  diameter.  The  traction  ropes 
were  |  in.  in  diameter. 

"Tram  was  driven  by  power  generated  from  boilers  located  at  the 
various  stations  along  the  line. 

"Mr.  Riblet  was  on  the  ground,  and  designed  the  structures  and 
figured  all  the  towers,  angles,  and  deflections  of  the  cables.  Equipment 
was  all  furnished  for  this  line  by  the  A.  Leschen  and  Sons  Rope 
Company,  of  St.  Louis,  Mo. 

"The  traction  rope  on  these  towers  was  supported  by  small  sheaves 
which  hung  on  a  cross-beam  21  in.  from  the  top  of  the  stationary  cable. 
These  sheaves  were  grooved,  and  when  the  buckets  passed  over  the 
sheave  the  lug  would  raise  the  rope  higli  enough  to  pass  between  the 
rope  and  the  sheave.  One  main  difficulty  was  this :  These  channel 
irons  on  the  buckets  were  bolted  to  the  frames  with  i-in.  carriage 
bolts,  two  on  each  side,  or  four  bolts  altogether.  The  track  ropes  were 
so  slack  that  the  buckets  in  passing  over  the  long  spans  would  hang 
down  so  low  that  the  traction  rope  would  pull  the  lugs  through  these 
irons,  breaking  off  the  bolts  and  letting  the  buckets  rvm  away.  The 
lug,  being  riveted  to  the  cable,  would  immediately  whirl  over  a  few 
times  and,  as  it  passed,  the  next  tower  w^ould  hang  on  a  rod  that 
supported  the  timber  for  the  tower  sheave.  Towers  were  all  set  on 
the  ground  without  any  anchorages,  and  consequently  it  dragged  this 
tower  to  the  next  one  and  then  hooked  onto  that  one  and  pulled  it 
to  another  one.  Sometimes  the  writer  would  go  up  along  the  line 
and  find  as  many  as  four  towers  all  piled  up  in  one  bunch.  The 
engines  were  powerful,  and  the  man  in  charge  had  no  idea  when 
anything  was  hung  up.  They  just  kept  pulling  as  long  as  they  could 
move  the  thing. 

"The  downward  pressure  on  the  traction  rope  in  coming  over  the 
Continental  Divide,  caused  by  the  driving  station  and  the  loading 
station  being  in  the  canyon  below,  and  long  spans  leading  to  each 
one  of  them,  was  so  great  that  it  would  simply  cut  through  a  new 
tower  sheave  in  a  very  few  hours.  We  experienced  most  of  our  diffi- 
culties in  the  operation  of  this  tramway  on  the  three  miles  of  country 
adjacent  to  the  Continental  Divide." 
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Tlie  topoR-rapliy,  due  to  the  erosion  of  the  Bridfjer  sandstones,  is     Mr. 
not  comparable   with   tlie   faulting  and   mountain-forming   tendencies    phen.  * 
which,   have   developed   the   extreme   slopes   and   elevations    character- 
izing the  mountainous  areas  of  California;   and,  therefore,  the  diffi- 
culties of  design  of  the  two  tramways  are  not  of  the  same  order. 

'No  difficulties  were  experienced  on  the  Saline  Valley  tramway 
due  to  tlie  faltering  of  the  carriers  in  passing  the  saddles  supporting 
the  track  cables,  on  account  of  the  traction  rope  not  being  parallel 
with  the  bearing  cable;  nor  is  this  tendency  of  any  importance  on 
tramways  of  the  Trenton-Blcichert  construction,  for  it  is  eliminated 
by  the  fundamental  principles  of  tramway  design.  Reference  to 
Fig.  6,  ^\■hich  represents  loaded  and  empty  carriers  passing  an  80% 
grade,  will  sliow  that  the  track  cables  and  traction  rope  are  practically 
parallel. 

In  modern  tramway  design,  it  is  customary  to  place  the  cable 
supports  so  that  the  angle  formed  by  the  intersecting  tangents 
developed  by  the  chord  slope  and  the  deflection  of  the  empty  and 
loaded  cable,  is  kept  within  a  reasonable  amount,  depending  on  the 
radius  of  the  saddle  and  its  capacity  in  angular  magnitude. 

The  tensions  used  in  tramway  track  cables  have  changed  from 
time  to  time.  Twenty  years  ago  track  cables  were  erected  with  a 
tension  as  low  as  14  500  lb.  per  sq.  in.  Tensions  were  then  increased 
to  22  500,  25  000,  and  30  000  lb.  per  sq.  in.  Beyond  this  stage  increased 
knowledge  was  obtained  of  the  stresses  developed  in  locked  coil  cables 
due  to  bending.  The  influence  of  frictional  hysteresis  on  the  modulus 
of  elasticity  of  the  cable  in  bending  was  ascertained,  so  that  the  ques- 
tion of  the  proper  tension  of  a  tramway  track  cable  depends  largely  on 
the  condition  of  the  particular  tramway  which  is  being  designed. 

If  it  is  admitted  that  stress,  due  to  bending,  is  developed  in  the 
outermost  wire  of  a  track  cable,  it  is  consistent  to  assume  that  a  cable 
can  be  made  to  fail  due  to  excessive  bending  only.  It  is  well  known 
that,  if  sufficient  direct  stress  is  developed  in  the  cable,  it  can  be 
pulled  in  two.  Therefore,  there  is  an  economic  tension  to  be  applied 
to  the  track  cable  which  will  develop  a  minimum  combined  stress 
in  the  outermost  wire  due  to  direct  load  and  bending. 

Bending  stress  is  developed  in  the  track  cable  due  to  its  support 
of  the  loaded  carrier.  The  measure  of  this  bending  is  a  cable  curve. 
The  tangent  of  the  intersection  angle  is  equal  to  the  weight  of  the  load 
divided  by  the  horizontal  component  of  the  tension  in  the  track  cable. 
If  the  loaded  carriers  are  low  in  weight  and  the  tension  in  the  track 
cable  is  high,  the  intersection  angle  of  the  curve  under  the  carrier 
will  be  small;  that  is,  the  curve  will  have  a  long  radius,  and  the  stress 
developed  in  the  outermost  wire,  due  to  bending,  will  be  less  than 
that  due  to  direct  tension. 
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Mr.  This  is  the  fundamental  criterion  which  should  be  considered  in 

phen."*'  designing  aerial  tramways,  where  it  is  desirable  that  a  proper  life  of 
track  cable  should  be  obtained,  together  with  a  minimum  of  inter- 
ference due  to  improper  elevation  of  tower  saddles. 

The  spacing  of  the  towers  depends  on  the  tension  in  the  track 
cables  and  the  weight  of  the  load  supported.  With  a  proper  radius 
for  the  saddle  supporting  the  track  cables,  the  spacing  of  the  towers 
depends  on  the  economic  construction  height  of  these  supports.  The 
farther  apart  the  towers  are,  the  greater  must  be  their  height  in  order 
to  balance  the  deflection  and  clearance  required  between  the  bottom 
of  the  carrier  and  the  ground  surface.  The  longest  span  which  the 
American  Steel  and  Wire  Company  has  put  in  is  3  600  ft. 

Tension  stations  may  or  may  not  be  used,  at  the  designer's  option. 
In  fact,  it  is  customary  to  control  the  change  of  position  assumed  by 
the  track  cable  when  loaded  and  empty  by  erecting  it  as  an  anchored 
span.  It  is  well  known  that  the  product  of  deflection  and  tension  at 
any  point  on  a  suspended  cable  is  constant.  Accordingly,  in  anchored 
spans,  if  the  loading  changes,  the  deflection  tends  to  remain  a  con- 
stant, due  to  the  change  in  tension.  If  the  cable  were  non-elastic 
and  symmetrically  loaded,  there  would  be  no  change  in  deflection 
between  the  empty  and  loaded  positions.  In  practice,  there  is  a  slight 
change  in  these  positions,  due  to  the  elastic  properties  of  the  cable. 

The  pronounced  limitation  of  tramway  location  to  a  straight  line 
is  no  longer  apropos,  as  present-day  designers  do  not  hesitate  to  handle 
moderate  angles  on  the  tramway  supports.  In  this  manner  angles  of 
considerable  magnitude  may  be  introduced  into  the  alignment  of  the 
tramway  without  interfering  seriously  with  its  operation;  nor  is  it 
necessary  in  cases  of  this  sort  to  build  a  special  structure  called  an 
"angle  station." 

Although  the  discussion  has  not  been  extensive,  it  has  served  a 
useful  purpose  in  demonstrating  that  the  proper  design  of  aerial 
tramways  is  based  on  sound  principles  of  engineering,  and  that  such 
systems  of  transportation  are  not  to  be  considered  as  expedients  to 
be  adopted  when  no  other  method  can  be  used.  Aerial  tramways  are 
safe,   sane,   and  satisfactory. 
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O.  P.  M.  Goss,t  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter.):}:— The  Mr. 
writer  has  read  this  paper  with  considerable  interest.  It  contains  some 
very  interesting  suggestions,  and  is  believed  to  be  a  step  in  the  right 
direction,  at  least  in  so  far  as  it  suggests  the  standardizing  of  specifi- 
cations covering  the  design  and  construction  of  wood  stave  pipe.  This 
subject,  however,  is  very  important,  and  should  receive  thorough  con- 
sideration before  any  definite  specification  is  approved. 

There  are,  for  example,  certain  statements  in  the  paper  which  are 
not  based  on  the  natural  laws  underlying  the  most  approved  use  of 
wood.  In  offering  the  following  comments  for  consideration,  the 
writer  has  endeavored  to  set  forth  certain  facts  which  cannot  be  ignored 
in  the  general  discussion  of  wood  stave  pipe. 

On  page  565§  the  author  states: 

"Fir  and  pine  are  pitchy  woods,  and  it  is  impossible  to  obtain  com- 
mercial run  lumber  without  sap,  pitch,  pitch  seams,  pitch  pockets,  and 
knots.  Under  conditions  of  partial  saturation,  this  lumber  will  not 
last,  and,  even  with  saturation,  the  pitch  and  sap  will  be  the  cause  of 
deterioration.  Most  failures  are  attributable  to  this  fact.  There  are 
conditions  under  which  fir  or  pine  will  have  a  long  life  and  give  perfect 
satisfaction." 

♦  Discussion   of  the  paper  by  J.  F.   Partridge,   Jun.   Am.   Soc.   C.   E.,   continued 
from   August,    1917,   Proceedings. 
t  Seattle,   Wash. 

t  Received  by  the  Secretary,  July  30th,  1917. 
5  Proceedings,  Am.  Soc.  C.  E.,  April,  1917. 
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Mr.  Pitch  does  not  in  any  way  cause  the  deterioration  of  timber.     Tests 

®°^^'  of  recent  date,  made  at  the  U.  S.  Forest  Service  Laboratory,  indicate 
that  wood  containing  resin  deteriorates  a  little  less  rapidly,  on  the 
average,  than  that  which  is  free  from  this  substance.  The  following 
quotation  is  taken  from  a  recent  report  issued  from  the  U.  S.  Forest 
Products  Laboratory,  at  Madison,  Wis.: 

"Relation  of  licsin  to  Strengtli  and  Durahilitij. — Data  on  the  effect 
of  resin  021  durability  were  worked  up  for  105  samples  of  long  leaf 
pine.  The  results,  when  considered  as  averages  for  four  durability 
classes,  indicate  that  increasing  amounts  of  resin  tend  to  be  directly 
correlated  with  increased  durability.  Individual  blocks  do  not  neces- 
sarily bear  out  this  relation,  showing  that  there  are  other  factors 
involved." 

The  following  quotation  is  from  page  567*  of  the  paper: 

"The  cases  of  redwood  pipe  already  cited  illustrate  its  adaptability, 
whether  laid  on  the  surface  of  the  ground,  partly  or  completely  buried, 
or  run  througli  salt  marshes  or  tropical  swamps  in  direct  contact  with 
the  soil  humus.  Direct  exposure  to  the  rays  of  the  desert  sun,  and 
alternate  wetting  and  drying  when  the  pipe  is  used  intermittently  in 
irrigation  systems,  do  not  lessen  its  efficiency." 

The  writer  cannot  see  how  any  one  can  make  such  a  broad  state- 
ment, and  particularly  that  "alternate  wetting  and  drying  when  the 
pipe  is  used  intermittently  in  irrigation  systems"  does  not  lessen  its 
efficiency.  Again,  tests  made  recently  at  the  U.  8.  Forest  Products 
Laboratory  indicate  that  all  woods  are  subject  to  decay  under  adverse 
conditions.  It  could  only  be  considered  good  engineering  when  condi- 
tions are  prevented  which  would  tend  to  make  any  wood  less  dur- 
able. Heartwood  from  the  California  big  trees,  at  the  end  of  a 
12-month  test,  showed  a  loss  in  weight  of  35.1%,  due  to  deterioration.! 
This  wood  is  not  the  same  as  redwood,  but  is  similar,  and  is  used  here 
in  the  absence  of  similar  data  for  redwood.  Western  red  cedar,  an 
unusually  durable  wood,  under  similar  conditions,  showed  a  loss  of 
21.3%,  but  it  is  reported  that  the  samples  were  too  wet  to  give  a  fair 
test,  which  indicates  that  21.3%  loss  is  lower  than  a  fair  test  would 
have  shown.  Port  Orford  cedar,  readily  conceded  to  be  one  of  the 
most  durable  woods,  showed  a  loss  of  22.6%,  which,  again,  is  lower 
than  the  value  would  have  been  had  the  specimens  been  less  saturated. 
Douglas  fir  showed  a  loss  of  28.1%,  according  to  these  tests.  Deterio- 
ration, in  this  case,  also,  was  somewhat  retarded  by  an  excess  of 
moisture.  These  results  show  that  the  most  durable  woods  are  likely 
to  decay  if  subjected  to  adverse  conditions.  Due  to  this  fact,  no  wood 
pipCj  regardless  of  the  species  from  which  the  staves  are  made,  should 

*  Proceedings,  Am.  Soc.  C.  E.,  April,  1917. 

t  Table  7,   p.   90,   "Laboratory  Tesis  on  the   Durability  of  American  Woods,"   by 
C.   J.  Humphrey,  of  the  U.   S.  Forest  Products  Laboratory. 
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be  laid  uiuliT  luifavoralile  conditions  witliout  taking-  i)nvctical  precau-    Mr. 
tions  against  dt't-ay  of  the  wood  fiber.  *^'^''^- 

On  page  570*  the  anthor  states: 

''Fir  and  pine,  being  hard  woods  compared  with  redwood,  and  being 
coarse-grained,  having  wide  rin^s  of  hard  and  soft  wood,  enter  the 
chissificatioii  of  woods  giving  excessive  percolation,  with  slow  and 
incomplete  penetration.  This  is  caused  by  the  water  passing  rapidly 
through  the  soft  summer  wood,  appearing  in  droi)s  on  the  outer  sur- 
face of  the  pipe,  and  of  penetrating  but  slowly,  and  often  through  only 
a  fraction  of  a  stave,  along  the  hard  winter  rings.  The  result  is  a  stave 
showing  i)crcolation  and  incomplete  penetration  at  alternate  points 
throughout  its  cross-section." 

Douglas  fir,  as  a  matter  of  fact,  is  one  of  the  most  difficult  woods 
to  penetrate  with  a  liquid,  and,  in  this  respect,  might  about  as  well 
be  classed  with  metal  as  with  pine.  In  creosoting  timber,  throughout 
the  United  States,  there  has  seldom  if  ever  been  found  a  wood  which 
has  required  so  much  scientific  study  to  secure  thoroughly  satisfac- 
tory impregnation  as  has  been  the  case  with  Douglas  fir.  In  the 
treatment  of  ties  of  this  wood,  it  is  highly  desirable  to  perforate  the 
sides  of  each  tie  with  fine  holes,  uniformly  spaced,  in  order  to  get  an 
effective  injection  of  creosote  oil. 

It  is  usually  specified  that  pipe  staves  of  Douglas  fir  shall  be  prac- 
tically free  from  all  defects,  which  means  that  this  stock  must  not 
be  cut  from  the  center  of  the  log,  which  usually  contains  most  of 
the  knots  and  other  defects.  Due  to  this  fact,  the  staves  are  cut 
from  the  fine-grained  material  found  on  the  outer  portion  of  the  large 
fir  logs,  and  not  from  the  coarser-grained  material,  which  is  almost 
always  confined  to  the  center  portions  of  the  tree. 

In  the  selection  of  pipe  staves,  care  is  taken  to  eliminate  coarse- 
grained material.  No  difficulty  whatever  is  experienced  in  eliminating 
practically  all  the  sap  wood,  and,  in  pipe  properly  manufactured,  the 
sap  is  never  allowed  to  occur  on  the  outer  portion  of  the  stave.  Sap 
is  not  considered  a  defect  on  the  inner  portion,  in  a  line  which  is  in 
continuous  service,  because  of  the  fact  that,  under  this  condition,  it 
is  always  thoroughly  saturated. 

In  Douglas  fir  staves  of  medium  and  fine  growth,  the  summer  and 
spring  wood  bands  of  the  annual  ring  are  so  close  together  that  if 
either  is  tnoroughly  saturated  the  adjacent  one  must  also  be  wet. 

The  soft  iX)rtion  of  the  annual  ring  of  redwood  is  more  porous 
than  the  corresponding  part  of  Douglas  fir,  as  shown  by  Figs.  6  and 
7.  Redwood  holds  a  natural  moisture  content  of  about  80%  and  the 
normal  moisture  content  of  Douglas  fir  is  33%,  based  on  the  dry 
weight  of  the  wood  in  both  cases.  These  facts  indicate  a  greater 
porosity  in  redwood  than  in  Douglas  fir.     As  a  matter  of  practice, 

•  Proceedings,  Am.  Soc.  C.  E.,  April,  1917. 
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Mr.   however,  neither  of  these  woods  is  justly  subject  to  criticism  from 

^°^^'  the  standpoint  of  excessive  percolation. 

The  author  refers  to  the  "soft  summer  wood  and  hard  winter 
rings."  Technically,  the  summer  wood  is  the  hard  part  of  the  annual 
ring,  and  is  formed  during  the  dry  i)eriod  of  the  tree's  growth;  that 
is>  through  the  late  summer  and  early  fall.  The  soft  or  porous  por- 
tion of  the  annual  ring  is  the  spring  wood,  and  is  formed  in  the  early 
spring  and  summer,  when  moisture  in  the  soil  is  abundant  and  the 
growing  rate  of  the  tree  is  most  rapid. 
On  page  571*  the  author  states: 

"The  lumber,  therefore,  should  be  perfectly  dry  before  being  used. 
It  should  be  dried  by  the  natural  or  air-drying  process,  not  by  the 
forced  or  kiln-drying  process.  By  air-drying  only,  is  perfect,  sound, 
strong  lumber  obtained.  Kiln-drying  makes  brittle  and  lifeless  lum- 
ber. Air-drying  requires  time,  and,  as  lumber  should  be  seasoned 
for  at  least  a  year  for  the  best  construction,  a  large  stock  of  it  should 
be  available  at  all  times." 

As  a  matter  of  fact,  better  results  may  be  secured  by  correct 
methods  of  kiln-drying  Douglas  fir  lumber  than  by  air-seasoning  it. 
Like  any  other  process  of  manufacture,  kiln-drying  has  its  successes 
and  failures.  With  a  fundamental  knowledge  of  wood  and  of  the  law 
governing  successful  kiln-drying,  entirely  satisfactory  results  are  now 
obtained.  It  is  possible  to  kiln-dry  Douglas  fir  staves  in  such  a  way 
as  to  leave  them  in  perfect  condition  for  use.  This  kiln-drying  may 
be,  and  is,  done  to-day  so  as  to  produce  faultless  lumber  with  its  full 
original  strength,  in  fact,  much  more  than  its  original  green  streiigth, 
as  it  comes  from  the  kiln. 

Small  specimens  of  long-leaf  pine,t  |  by  |  in.  in  cross-section,  air- 
dried  for  98  days  and  re-soaked  in  water  for  47  days,  showed  a  crush- 
ing strength  of  2  213  lb.  The  same  material  (matched  pieces)  after 
being  kiln-dried  35  days  and  re-soaked  in  water  63  days  exhibited 
2  268  lb.  Air-dried,  re-soaked  specimens  of  red  spruce,  handled  in 
exactly  the  same  way,  showed  a  strength  of  1  553  lb.,  and  for  the  kiln- 
dried,  re-soaked,  1  606  lb.  Chestnut  was  also  used  in  this  test,  and 
exhibited  1482  lb.  for  the  air-dried,  re-soaked,  and  1573  lb.  for  the 
exactly  the  same  way,  showed  a  strength  of  1  553  lb.,  and  for  the  kiln- 
drying  does  not  injure  the  strength  of  the  wood,  as  compared  to  air- 
seasoning;  and  it  must  be  remembered  that  these  tests  were  made  on 
specimens  which  were  water-soaked  after  being  kiln-dried  and  air- 
dried,  which  makes  the  tests  particularly  applicable  to  pipe  staves  in 
service. 

*  Proceedings,  Am.  Soc.  C.  E.,  April,  1917. 
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Fig.  6. — Cross-Section,  Douglas  Pir,  Showing  Cell  Structure. 

(20  Diameters.) 

A. — Summer  Wood.     B. — Spring  Wood. 


Fig.    7. — Cross-Section.   Redwood,    Showing   Cell   Structure.      (20   Diameters.) 
A. — Summer  Wood.     S. — Spring  Wood. 
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Mr.  II.  D.  Tiemann,  of  the  U.  S.  Forest  Products  Laboratory,  one    Mr. 
of  the  best  versed  nieu  in  the  United  States  on  the  theory  of  kiln- 
drying  lumber,  states:* 

''While  air-dryinii-  is  undoubtedly  the  safest  method,  the  process  is 
ordinarily  so  slow,  requiring  a  year  or  longer,  according  to  species  and 
size,  that  forced  'artificial'  drying  becomes  a  business  necessity., 
]\roreover,  air-drying  is  by  no  means  always  to  be  preferred  to  kiln- 
drying  from  the  standpoint  of  the  quality  of  the  product." 

The  writer  has  made  tests  on  Douglas  fir  and  "western  hemlock, 
similar  to  those  quoted  from  Circular  No.  108  of  the  U.  S.  Forest 
Service,  showing  that  kiln-drj-ing  operations  do  not  affect  adversely 
the  strength  of  either  of  these  species,  as  compared  to  air-seasoned 
material.  This  may  not  be  true  in  the  case  of  redwood  or  cedar,  as 
the  structure  of  these  woods  is  very  different,  and  the  cells  appear  to 
collapse  under  the  application  of  heat  very  much  more  readily  than 
v.ith  Douglas  fir  or  pine. 

On  page  o72t  the  author  states:  "For  correct  pipe  design,  onb^ 
air-dried  lumber  should  be  specified."  This  seems  to  be  so  far  out 
of  line  with  good  practice  that  it  needs  little  comment.  Practically 
;dl  the  Douglas  fir  lumber  which  is  put  into  pipe  is  thoroughly  kiln- 
dried  before  use,  and  any  one  familiar  with  this  material  knows  that, 
under  conditions  which  are  favorable  to-  any  wood  pipe,  it  gives  the 
best  of  service. 

The  author  discusses  machine-banded  pipe,  and  refers  to  the  diffi- 
culty experienced  with  the  banded  couplings,  due  to  their  lack  of 
durability.  He  suggests  that  fir  pipe  couplings  be  discarded  and 
replaced  by  couplings  of  redwood.  This  is  not  the  best  solution  of 
this  problem.  A  better  method  is  to  creosote  thoroughly  the  staves  of 
lunc,  fir,  or  redwood  before  making  \;p  these  collars.  This  will  give 
them  durability  even  greater  than  that  of  the  pipe  line  itself  under 
complete  saturation.  This  is  strictly  an  economical  and  efficient 
method,  and  is  to-day  being  practiced  by  at  least  the  most  progressive 
pipe  manufacturers  on  the  Pacific  Coast. 

The  following  ,is  quoted  from  page  577  :t 

"The  use  of  the  inserted  or  slip-joint  pipe  is  not  to  be  recom- 
mended. Such  a  connection  weakens  the  end  of  every  section,  because 
nearly  one-half  of  the  shell  of  the  pipe  is  cut  away  to  make  the  joint. 
A  reinforcing  rod  is  often  used  to  draw  the  joint  tight,  but  if  the  male 
and  female  tenons  are  eccentric,  leakage  cannot  be  avoided." 

The  writer  has  used  a  considerable  quantity  of  machine-banded 
Douglas  fir  pipe  with  the  inserted  couplings,  and  has  found  it  to  give 
thorough  satisfaction.     As  to  the  strength  of  these  joints,  the  writer 

•  Bulletin  No.  509,  V.  S.  Dept.  of  Agriculture,  p.  2. 
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Mr.   has  had  no  experience  which  would  indicate  that  they  are  not  suffi- 


Goss 


ciently  reinforced.  Redwood  staves  are  usually  thinner  than  those  of 
fir  or  pine,  and  this,  together  with  the  fact  that  redwood  is  weaker 
than  Douglas  fir  or  pine,  might  account  for  the  lack  of  satisfaction 
given  by  this  type  of  pipe.  It  is  an  entire  success  when  made  of 
Douglas  fir,  in  accordance  with  present  standards. 

The  writer  cannot  see  any  reason  for  leakage  due  to  the  tenons  or 
cups  being  slightly  eccentric  with  regard  to  the  axis  of  the  pipe,  so 
long  as  they  are  circular  and  well  manufactured.  In  his  experience, 
no  difficulty  from  leakage  has  been  found. 

Douglas  fir  has  considerable  advantage  over  redwood  in  strength 
in  compression  across  the  grain.  The  average  strength  of  these 
woods*  is  570  lb.  per  sq.  in.  for  Douglas  fir  and  525  lb.  for  redwood. 
These  figures  show  redwood  to  be  approximately  92%  as  strong  in 
side  bearing  as  Douglas  fir. 

On  page  oSSf  the  author  states:  "For  permanent  work,  redwood 
should  be  selected,  or  fir  or  pine  of  high-grade  staves  kept  saturated 
and  well  painted." 

It  would  be  inviting  trouble  not  to  apply  the  clause  "kept  satu- 
rated and  well  painted"  to  redwood,  as  well  as  to  fir  and  pine.  It  is 
the  weak  points  in  a  wood  pipe  that  cause  the  trouble,  and  in  good 
engineering  these  weak  points  should  be  eliminated  by  proper  means. 
Wood  staves  used  imder  low  heads  or  un^der  intermittent  service  should 
be  creosoted  by  the  pressure  process.  If,  for  any  reason,  this  is 
impossible,  a  brush  treatment  with  hot  creosote,  or  carbolineum,  should 
be  applied  to  the  edges  and  ends  of  the  staves,  and  also  to  the  entire 
outer  portion  of  the  pipe  line.  This  treatment  should  be  followed 
with  a  hot  asphalt  or  tar  coating  thoroughly  applied. 

On  page  572,t  the  following  is  found: 

"In  regard  to  the  protection  of  the  staves  by  applications  of  coat- 
ings of  paint  or  disinfectant,  little  of  value  can  be  cited.  Many 
claims  are  made  for  the  benefits  derived  from  various  coatings,  but 
sufficient  data  are  yet  lacking  for  reliable  conclusions.  It  is  certain 
that  such  protection  increases  the  life  of  fir,  pine,  or,  other  woods  con- 
taining sap  and  pitch,  but  its  merits  on  a  redwood  pipe  have  not  yet 
been  proved. 

******* 

"  A  coating  of  at  least  ^  in.  should  be  the  result  of  the  first 
painting,  and  repeated  examination  should  be  made  of  the  line,  and 
the  pipe  painted  every  year  or  so." 

It  is  safe  to  say  that  a  protective  coating  or  preservative  properly 
applied  will  increase  the  life  of  any  wood  pipe.     Mr.  Partridge  states 

*  Bulletin  No.  108,  Forest  Service.  U.  S.  Dept.  Agriculture,  Table  12. 
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that  in  fir  and  pine  pipe  it  is  necessary  to  apply  a  preservative  coat-    Mr. 
ing  "every  year  or  so."     The  writer  knows  of  no  Douglas  fir  or  pine    ^^^' 
pipe  lines  whieli  have  been  coated  as  often  as  this.     In  fact,  it  would 
be  impracticable  and  entirely  unnecessary  to  paint  a  wood  pipe  line 
"every  year  or  so"  when  such  line  is  buried  in  the  soil.    If  the  proper 
material  is  used,  the  protective  coating  should  remain  on  the  pipe  at 
least  15  years  under  such  conditions.     The  writer  has  seen  Douglas  * 
fir  stave  pipe  uncovered   24  years   after   it   had   been   laid,   and   the 
asphaltic  coating  was   still  in  good  condition.     If  the  pipe   is  used 
above  ground,  it  woiild  not  be  necessary  to  paint  it  oftener  than  once 
in    5    years,    because   the    natviral   conditions    would   tend   to    retard 
decaj'. 

Untreated  wood  stave  pipe  has  demonstrated  its  value  when  used 
with  a  thorough  knowledge  of  the  underlying  principle  controlling  the 
efficient  use  of  wood.  There  is  in  store  for  such  pipe,  however,  a 
development  which  is  now  making  its  appearance  and  will  materially 
change  present  practice,  and  that  is  the  creosoting  of  the  staves  under 
pressure  as  a  means  of  eliminating  decay. 

Considerable  eifort  has  been  made  by  the  Engineering  Department 
of  the  West  Coast  Lumbermen's  Association,  particularly  during  the 
last  3  years,  to  improve  the  methods  of  creosoting  Douglas  fir  in  its 
various  forms.  One  of  the  forms  already  studied  is  staves.  In  the 
methods  of  treatment  which  have  been  applied  in  the  past  (the  old 
boiling  or  steaming  processes),  previous  to  the  recent  developments  in 
the  art  of  creosoting  Douglas  fir,  there  has  been  considerable  loss  in 
strength  in  compression  perpendicular  to  the  grain,  due  to  the  creosote 
treatment.  This  loss,  of  course,  was  not  desirable  in  the  case  of  staves, 
which  depend  on  the  strength  of  the  wood  in  side  bearing  to  resist 
the  water  pressure.  There  was  a  loss  in  strength  of  30%  or  more  in 
the  staves  as  a  result  of  either  of  these  treatments.  However,  by  the 
process  now  in  use — the  "boiling  under  a  vacuum  method" — which 
greatly  reduces  the  temperature  of  the  oil  during  treatment,  or  simply 
treating  under  low  temperatures,  there  has  been  no  loss  in  the  strength 
of  the  staves. 

The  West  Coast  Lumbermen's  Association  recently  completed  some 
strength  tests  on  staves  which  had  been  creosoted  by  this  mild-tem- 
perature method  of  treatment.  Twelve  Douglas  fir  staves  were  selected, 
which  were  entirely  free  from  sap  wood,  and  twelve  other  staves  were 
chosen  as  nearly  like  the  first  group  as  possible,  except  that  they  con- 
tained various  quantities  of  sap  wood.  All  these  staves  were  6  ft. 
long,  and  were  kiln-dried.  A  section  1  ft.  long  was  cut  off  the  end 
of  each  stave  and  retained  for  a  control  test.  The  remaining  por- 
tions of  each  of  the  twenty-fovir  staves  were  treated  in  the  following 
manner : 
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They  were  warmed  in  creosote  oil  for  4  hours  at  170°  Fahr.,  and 
pressed  from  0  to  approximately  100  lb.  per  sq.  in.,  until  they  had 
received  about  IC  lb.  of  oil  per  cu.  ft. 

The  oil  was  then  heated  from  170  to  230°  Fahr.  in  3  hours,  and 
held  at  this  latter  temperature  for  1  hour.  The  staves  were  then 
removed. 

The  final  heating  bath  was  for  the  purpose  of  removing  the  surplus 
oil  and  cleaning  the  stave. 

TABLE  4. — Band  Bearing  Test  on  Pouglas  Fir  Staves,  Natural 
AND  Crrosoted.  Staves  Soaked  in  Water  One  Month  Before 
Test. 


FiOAD,  IN  POUNDS,  REQUIREU  TO  PRFSS  A  SECTION,  3.35  IN.  LONG,  OF 

BANDS  OP  VARIOUS  DIAMETER,  INTO  THE   STAVE  TO  A 

BEARING    OF  GO  AND  90°   OF  ARC. 

Aver- 

Condition  of 
stave. 

0.193  in. 
Diameter. 

0  226  in. 
Diameter, 

0.497  in. 
Diameter. 

0.625  in. 
Diameter. 

.aue 
for  all 
tests. 

60° 

90° 

60° 

90° 

60°           90' 

60° 

90° 

Staves  containing 

Sapwood. 

166 
171 

103.1 

371 
414 

111.6 

21  fi 
250 

114.7 

453 

518 

114.4 

507 
620 

122  3 

1  096 
1  338 

122.1 

608 
756 

121.4 

1  334 
1  663 

124.7 

594 

Treated 

716 

Treated,  in  per-  i 
centage  of  na-  V 
tural ) 

120.5 

Staves  all  Heartwood. 

1S6 
210 

107.1 

460 
531 

115.5 

267 
332 

124.4 

574 
713 

124.2 

5V.2 
752 

127.0 

1  291 
1  596 

123.6 

714 
880 

123.2 

1  572 
1  929 

122.7 

708 

Treated 

888 

Treated,  in  per-  ) 
centage  of  na-  >■ 
tural ) 

122.6 

After  this  treatment,  the  staves  were  free  from  excess  of  oil  and 
easy  to  handle.  They  were  then  placed  in  a  water  tank  with  the 
untreated  pieces,  and  all  were  soaked  for  about  30  days.  Then  both 
the  natural  and  creosoted  staves  were  subjected  to  a  band  pressure 
test.  In  making  this  test,  four  sizes  of  bands  were  used,  as  shown  in 
Table  4.  Each  band  was  3.35  in.  long,  and  was  pressed  into  the  stave, 
for  the  entire  length  of  the  band,  in  a  direction  perpendicular  to  the 
grain  of  the  wood,  until  it  was  embedded  over  an  area  equal  to  60 
and  90°  of  the  arc.  Figs.  8  and  9  illustrate  the  method  of  making  the 
test.  The  loads  required  to  cause  this  depth  of  compression  are  shown 
in  Table  4.  Each  stave,  natural  and  treated,  was  subjected  to  tests 
with  bands  of  each  size.     The  results  show  clearly  that  creosoted  staves 
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Fig.  8. — Method  of  Making  Band  Pressure  Test. 
A. — Stave     Under   Test. 
B. — Band  Being  Pkessed  Into  Stave. 
C. — Instrument  for  Reading  Compression. 


Fig.    9. — Method   of    Making    Band    Pressure    Test. 
D. — Cast-iron  Section  for  Holding  Specimen. 
JS. — Band  Being  Pressed  Into  Stave. 
F. — Set-screws  for  Tightening  Stave  in   Position   for   Test. 
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of  all  lieartwood  as  well  as  those  of  mixed  heartwood  and  sap  wood    Mr. 
have  strength  values  even  greater  than  those  obtained  from  the  test  ^°*"' 
of  natural  wood.     The  results  are  particularly  significant,  as  the  test 
approaches  alwut  as  closely  as  possible  the  actual  condition  of  staves 
in   a   pipe   line   in   service.     The   creosoted   staves   uniformly   show   a 
slightly  higher  strength   than  the  untreated   staves  tested  under  the 
same  conditions.     Those  results  demonstrate  clearly  the  fact  that  it  is 
possible  to  creosote  Douglas  fir  staves  and  retain  all  their  original        * 
strength.      They    also    indicate   clearly   the   practicability    of   permit- 
ting  sap  wood  in   staves   which   are  to   be  creosoted.     In   the   staves 
tested,  the  penetration  of  the  creosote  oil  in  the  sap  wood  was  very 
complete  in  every  case. 

Recent  experimental  work  conducted  by  the  writer  has  also  shown 
the   practicability   of   perforating   the   outer    surface   of   Douglas   fir 
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ARRANGEMENT  OF  PERFORATIONS 
WHICH  WILL  RESULT   IN  COMPLETE 

PENETRATION   OF  CREOSOTE  OIL 
EQUAL  TO  DEPTH   OF  PERFORATIONS. 
Fig.  10. 

staves  with  small  holes  systematically  spaced,  as  shown  in  Fig.  10. 
The  resistance  of  the  oil  passing  into  the  wood  along  the  grain  is 
practically  nil  compared  to  that  found  in  forcing  the  oil  in  across  the 
grain.  The  fine  holes,  through  which  the  depth  of  penetration  and 
the  distribution  of  oil  is  controlled,  are  so  small  and  spaced  so  regu- 
larly that  they  do  not  reduce  the  strength  of  the  wood  when  tested 
in  compression  perpendicular  to  the  grain.  The  result  of  these  perfor- 
ations is  that  the  depth  of  penetration  and  the  distribution  of  the  oil 
can  be  thoroughly  controlled — two  very  important  factors  in  securing 
the  greatest  efficiency  from  creosoted  timber. 

Mr.  Partridge  does  not  discuss  at  any  length  the  possibility  of  the 
entire  elimination  of  decay,  in  wood  stave  pipe  by  an  efficient  pressure 
treatment  of  the  staves  with  coal-tar  creosote.  This  subject  should  be 
thoroughly  investigated  at  once,  as  the  proper  use  of  creosote  promises 
to  extend  greatly  the  field  of  usefulness  of  such  pipe,  and  give  it  a 
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Mr.  reliability  never  before  possessed.  The  writer  is  fully  convinced  of 
°^^'  this,  after  having-  stvidied  the  subject  very  carefully.  A  large  number 
of  test  results  are  available,  and  more  should  be  obtained. 

The  final  cost  of  a  ereosoted  stave  pipe  line  in  place  will  be  approx- 
imately 20%  more  than  that  of  an  untreated  Douglas  fir  line,  and  about 
the  same  as  that  of  an  untreated  redwood  line.  A  number  of  large 
items  remain  constant,  regardless  of  the  cost  of  the  staves.  The  steel 
*  bands,  the  excavation,  the  back-filling,  engineering,  overhead,  trans- 
portation, and  other  costs  remain  constant  regardless  of  whether  or 
not  the  staves  are  ereosoted.  This  added  cost  of  20%  for  a  Douglas 
fir  line  may  be  assumed  to  buy  a  guaranty  of  greater  permanency  for 
any  line,  regardless  of  conditions  under  which  it  is  built. 

The  writer  recommends  a  thorough  investigation  by  the  Society 
of  the  possibilities  of  ereosoted  wood  stave  pipe.  Creosote  promises 
to  revolutionize  the  use  of  wood  stave  pipe  and  put  it  even  more  firmly 
in  a  class  with  the  most  durable  pipe  known,  and  yet  leave  it  with 
almost  all  its  present  advantages  as  to  low  first  cost  and  low  coefiicient 
of  friction.  The  writer  has  discussed  this  subject  with  Joseph  Jacobs, 
L.  J.  Stannard,  and  Marvin  Chase,  Members,  Am.  Soc.  C.  E.,  the  latter 
recently  appointed  Irrigation  Engineer  for  the  State  of  Washington, 
all  of  whom  see  great  possibilities  for  the  ereosoted  stave  form  of  con- 
struction. Mr.  Chase  recently  built  approximately  8  200  ft.  of  60  and 
63-in.  (inside  diameter)  ereosoted  wood  pipe  for  the  Wenatchee 
Eeclamation  District,  in  the  Wenatchee  Valley,  Washington,  and  this 
line  gives  promise  of  most  excellent  results. 

Before  any  standard  specifications  are  adopted,  the  American 
Society  of  Civil  Engineers  should  thoroughly  investigate  this  subject 
through  a  committee  capable  of  going  deeply  into  the  subject. 

Mr.  W.  H.  E.  NiMMo,*  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).!— The 

writer,  having  had  occasion  to  deal  with  numerous  lines  of  wood 
pipe,  especially  of  the  machine-banded  type,  for  town  water  supplies, 
has  been  much  interested  in  this  paper.  Wood  pipes  as  used  in 
Tasmania,  whether  of  the  continuous-stave  or  machine-banded  type, 
are  almost  always  constructed  of  fir,  known  locally  as  Oregon  fir. 
Although  some  engineers  are  fully  aware  of  the  superiority  of  red- 
wood, yet,  owing  to  its  greater  cost,  pipes  of  this  timber  cannot  be 
obtained  from  stock,  and  it  is  necessary  to  have  them  manufactured 
especially  for  each  job.  In  the  smaller  sizes,  up  to  about  6  in.,  redwood 
pipes  cannot  usually  compete  with  cast  iron  or  reinforced  concrete. 
This  State  possesses  some  fine  timbers,  which  may  possibly  prove 
superior  to  redwood,  yet,  at  the  present  time,  owing  to  lack  of  a 
sound  forest  policy,  they  cannot  be  obtained  as  cheaply  as  Oregon  fir. 

*  Hobart,  Tasmania. 

t  Received  by  the  Secretary  August  20th,   1917. 
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Macliinc-baiulcd   piped,   after   receiving   a   first   coating   of   bitunii-     Mr. 
nous  composition,  are  usually  wound  spirally  with  a  strip  of  Hessian,  -^''ni"'o- 
and   are   then  given  a   second  coating   of  composition   and   rolled   in 
sawdust.      The    Hessian    covering    and    second    coating    increases    the 
cost  slightly,  and  is  omitted  in  some  cases. 

If  galvanized  wire  of  good  quality  is  used,  a  factor  of  safety  of 
four  against  breaking  is  considered  sufficient.  In  computing  the 
stress  on  the  winding,  the  question  arises  as  to  the  exact  diameter 
of  the  pipe  to  be  used.  In  a  wood  pipe,  which  is  saturated,  the  joints 
lietwcen  the  staves  must  contain  water  under  pressure,  and  in  designing 
such  i)ipes,  the  writer  assumes  that  the  pressure  varies  uniformly 
from  the  full  pressure  at  the  inner  surface  to  zero  at  the  outer 
surface,  and  the  mean  diameter  of  the  pipe  is  used  in  computing 
the  stress  in  the  wire.  This  is  a  matter  of  no  importance  in  a  large 
pipe,  but,  in  small  sizes,  its  eifcct  on  the  size  of  the  wire  is  appreciable. 
The  writer  has  not  seen  the  question  dealt  with  by  any  authority. 

In  the  case  of  continuous-stave^  pipe,  the  design  of  shoes  has  not 
always  received  sufficient  attention.  A  type  of  shoe  is  sometimes 
used  in  which  the  tension  of  the  two  ends  of  the  band  are  not  in 
the  same  vertical  plane,  thus  adding  a  horizontal  bending  stress  to 
the  direct  tensile  stress  in  the  bands  near  the  shoe. 

A  combination  of  inserted  joint  with  a  collar  is  now  generally 
used  on  machine-banded  pipes,  and  has  been  found  to  be  fairly  satis- 
factory. 

Tlie  increase  in  shipping  weight  due  to  the  coating  may  not  be 
of  great  importance.  Freight  by  sea  is  usually  charged  by  measure- 
ment, and  special  rates  by  rail  can  frequently  be  obtained  for  complete 
carloads.  The  smaller  freight  and  handling  charges  on  wood  pipe, 
as  compared  with  other  kinds  of  pipe,  however,  are  often  the  deter- 
mining factors  in  its  selection. 

In  all  specifications  for  machine-banded  pipes  a  clause  should  be 
inserted  requiring  each  pipe  to  be  cleai'ly  branded  with  letters  indi- 
cating the  job,  and  figures  indicating  the  head  for  which  it  is  intended. 
The  writer  knows  of  cases  where  pipes  intended  to  be  laid  near  the 
intake  of  a  line,  under  a  low  pressure,  have  been  carelessly  laid  in 
places  where  the  pressure  was  comparatively  high,  resulting  in  con- 
siderable trouble  in  maintenance. 
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OBSTRUCTION   OF   BRIDGE  PIERS 
TO  THE  FLOW  OF  WATER 

Discussion.* 


By  Messrs.  A.  J.  Wiley,  E.  D.  Goodrich,  E.  W.  Lane,  Mansfield 
Merriman,  and  F.  H.  Frankland. 


A.  J.  "Wiley,!  M.  Am.  Soc.  C.  E.  (by  letter).:}: — The  formula  pro-  Mr. 
posed  by  the  author  appears  to  fit  the  conditions  under  which  his  ^''^y- 
experiments  were  made,  but  it  seems  to  the  writer  that  these  conditions, 
in  which  the  pier  occupied  nearly  25%  of  the  channel,  are  not  com- 
parable to  the  case  of  the  ordinary  bridge  pier.  In  the  author's  experi- 
ments, the  standing  wave  around  the  nose  of  the  pier,  as  shown  by 
the  photographs,  extended  across  the  entire  channel,  whereas,  in  the 
case  of  an  ordinary  bridge  pier,  which  occupies  a  relatively  small  part 
of  the  channel,  the  standing  wave  would  not  materially  affect  the 
hydraulic  conditions. 

In  the  author's  formula  for  back-water: 

^  =  ^^^2  -  -YJ- (1) 


2,[CW{H.,-0.S^^)] 


H  =  head  caused  by  back-water, 
C  =  a  coefficient, 
W  =  width  between  piers, 
H^  =  noTma\  depth  below  piers, 
V^  =  velocity  of  approach,  and, 
y^  =  velocity  of  retreat,  or  normal  velocity  below  piers. 

•  This  discussion  (of  the  paper  by  Floyd  A.  Nagler,  Jun.  Am.  Soc.  C.  E.,  pub- 
lished in  May,  1917,  Proceedint/s,  and  presented  at  the  meeting  of  September  5th, 
1917),  is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought 
before  all  members  for  further  discussion.  ' 

t  Boise,  Idaho. 

t  Received  by  the  Secretary,  July  16th,  1917. 
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Mr.  In  tlie  formula  it  is  evident  that  the  expression, 

Wiley. 

,F(7/,-0.3,Ii), 

is   tlie   cross-section    in   the   niinimnm    section   between   the   piers,    so 

that  the  author's  formula  may  be  written, 

O^             1.8  r2 
H^     ~- '- (2) 

Also, 

where  A   is   the   area   and    T",^   the  velocity   at  the   contracted  section 
between  the  piers. 

The  formula  thus  becomes : 

H=  --"-  -  -^—L (3) 

C2g  2g 

The  author's  coefficient,  C,  varies  from  0.861,  for  a  pier  with  both 
ends  square,  to  0.939  for  one  with  nose  and  tail  tapered.  It  appears, 
therefore,  that  H  would  be  zero,  and  there  would  be  no  back-water 
effect  unless  the  contraction  caused  by  the  pier  was  such  that  the 
square  of  the  velocity  between  the  pier  would  be  1.55  times  the  square 
of  the  velocity  of  approach  for  a  square-ended  pier,  or  1.68  times 
for  a  taper-ended  pier.  Of  course,  there  must  be  some  back-water 
effect,  no  matter  how  slight  the  contraction  caused  by  the  pier,  and, 
unless  the  writer  is  wrong  in  his  interpretation  of  the  author's  formula, 
it  cannot  be  of  general  application. 

In  one  case  observed  by  the  writer,  a  concrete-lined  canal  is  crossed 
by  a  wagon  bridge  with  square-ended  piers,  8  in.  thick,  and  14.32  ft. 
between  .  centers.  The  following  are  the  values  of  the  different 
elements  in  this  case: 

Q   =  472  sec-ft.,  between  adjacent  piers, 
IF  =13.65 
//„=    7.82 

Vl=   4.22 

Levels  taken  for  a  distance  of  100  ft.  above  and  below  the  bridge, 
on  each  side  of  the  canal,  which  was  87  ft.  wide  at  the  water  surface, 
and,  corrected  for  the  normal  fall  in  the  water  surface,  gave  a  back- 
water head  of  0.077  ft.  Levels  taken  in  the  center  immediately  above 
and  below  the  bridge  gave  a  back-water  head  of  0.15  ft.  The  author's 
formula  gives  the  back-water  head  for  these  conditions  as  —  0.10  ft. 
It  will  be  observed  that  the  author's  formula,  as  reduced  to 
Equation  (3)  : 

V^  1  8  F2 

C2g  2g 
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is  the  same  as  that  of  JJ'Aubuisson  given  by  the  author  as:  Mr 

2         TA  2  Wiley 


// 


2(7       ' 

or,  c'liiiii^iiif;'  thi'  notation  to  conform   with   that   usod   in  tlie  author's 
foriuuhi, 

TT  2  Y  2 

•2  g 
ex(.'i'i)t  for  thi'  apiilication  of   the  coefficient,   1.8,  to  the  velocity  head 
above  the  piers  (ind  the  use  of  coefficient,  C. 

The  writer  is  of  the  opinion  that  this  formula,  as  modified  by 
Eytelwein  and  quoted  by  the  author,  is  an  entirely  rational  expression 
for  the  back-water,  and  will  tit  ordinary  conditions  better  than  that 
proposed  by  the  author. 

Changing  the  modified  D'Aubuisson-Eytelwein  formula  into  the 
terms  used  in  the  author's  formula,  it  is  as  follows: 

_  L:  (J^I_  _      ^^-^    \ 

in  which  ll'j  is  the  width  of  approach. 

I'lie  application  of  this  equation  to  the  case  of  the  piers  in  the 
concrete-lined  canal  previously  mentioned,  gives  a  back-water  effect 
of  0.130,  which  is  probably  as  close  to  the  actual  back-water  as  the 
average  head  of  0.077  ft.,  or  the  center  measurement  of  0.15  ft. 

The  author's  method  of  determining  the  depth  at  the  minimum 
section  between  the  piers  is  to  assume  that  it  will  be  less  than  that 
below  the  piers  by  the  amount  of  the  recovered  velocity  head,  which, 
of  course,  is  correct;  but  this  percentage  of  recovery  would  vary  for 
different  conditions,  and  would  have  to  be  assumed  for  any  other 
condition  than  that  existing  in  the  experiments. 

In  the  Eytelwein  formula,  the  depth  between  the  piers  is  consid- 
ered the  same  as  that  in  the  normal  channel  below  the  piers.  This 
neglects  the  recovery  of  any  part  of  the  velocity  head,  and  gives  a 
slightly  larger  contracted  area  and  a  smaller  velocity  than  actually 
exists.  It  is  not  practicable  to  design  piers  with  the  proper  curves 
to  recover  all  the  velocity  head,  and  the  error  in  neglecting  the  recov- 
ered velocity  head  in  calculating  the  velocity  between  the  piers  is 
not  appreciable.  The  coefficient  of  contraction  in  the  Eytelwein 
formula  can  easily  be  estimated  by  comparison  with  the  coefficient 
of  a  submerged  orifice  with  similar  characteristics.  The  two  coeffi- 
cients in  the  author's  formula  would  have  to  be  assumed  for  any 
conditions  different  from  those  of  the  experiments,  and  there  seems 
to  be  no  criterion  available  in  selecting  these  coefficients.  It  is  the 
writer's  belief  that,  though  credit  is  due  the  author  for  the  thor- 
oughness of  his  experiments,  the  formula  deduced  therefrom,  if  applied 
to  other  conditions,  may  lead  to  entirely  wrong  conclusions. 
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Mr.  R.  D.  Goodrich*  M.  Am.  Soc.  C.  E.  (by  letter) .f— The  writer  was 

Goodrich.  gj^g,j^gg(j  jj-^  ^  special  study  of  the  effects  of  an  encroachment  of  a  pro- 
posed building  on  a  river,  at  a  bridge  on  the  main  street  of  a  certain 
city,  when  the  Proceedings^  containing  Mr.  Nagler's  paper  with  its 
discussion  of  existing  bridge  pier  formulas  was  issued.  Consequently, 
the  results  of  his  experiments  and  his  new  formula  were  most  oppor- 
tune, and  were  studied  with  the  greatest  interest.  After  some  con- 
sideration of  tlie  theory  used  in  the  development  of  the  formula,  and 
some  comparison  of  the  results  obtained  by  the  various  formulas  given, 
the  writer  decided  to  use  it  in  the  preliminary  computation  of  the 
back-water  which  might  be  expected  from  the  proposed  encroachment. 

The  discharge  of  the  river  at  the  highest  stage  known  was  taken 
from  United  States  Geological  Survey  reports,  and  a  probable  mean 
velocity  of  4  ft.  per  sec.  was  determined.  The  back-water  caused  by 
the  bridge,  with  its  one  center  pier,  was  then  determined,  the  channel 
having  a  clear  width  of  about  206  ft.  The  back-water,  with  the  width 
of  the  channel  reduced  to  170  ft.  was  then  computed,  and  the  difference 
of  3  in.  in  the  two  cases  was  used  as  the  height  of  the  back-water  to 
be  expected  from  the  construction  of  the  building.  By  assuming  the 
velocity  of  approach  to  be  the  same  in  both  cases,  this  factor  can  be 
eliminated  before  substituting  numerical  values,  and  the  increase  in 
back-water,  due  to  an  encroachment  at  one  side  of  the  channel,  can 
be  found  directly. 

Having  completed  these  preliminary  calculations,  the  city  attorneys 
drew  up  their  bill  of  complaint,  and  a  temporary  restraining  order 
was  granted  to  prevent  further  construction.  Among  other  grounds 
for  injunction,  this  additional  3  in.  of  back-water  was  set  up  as  one 
cause  of  complaint.  The  work  of  preparing  the  case  for  an  early 
hearing  was  then  taken  up  in  earnest,  but  a  great  disappointment  was 
encountered. 

Surveys  were  made  of  the  river  immediately  above  and  below  the 
bridge  in  question,  new  data  were  collected,  and  all  the  computations 
were  reviewed.  As  the  revision  progressed,  it  was  found  that  the 
velocity  in  the  channel  above  the  bridge  would  be  more  than  5  ft.  per 
sec.  With  this  velocity,  however,  the  formula  gave  a  negative  back- 
water. The  computations  were  reviewed  again  and  again,  but  the 
formula  failed  entirely  just  outside  the  actual  range  of  Mr.  Nagler's 
experiments. 

At  this  writing  (July,  1917),  the  final  hearing  is  being  had,  and 
the  testimony  of  a  well-known  and  experienced  hydraulic  engineer, 
employed  by  the  city,  shows  that  about  1  in.  of  additional  back-water 
may  be  expected  to   result  from  the   erection   of  the  building.     The 

•  Lansing,   Mich. 

t  Received  by  the  Secretary,  July  28th,  1917. 

XProceedings,  Am.  Soc.  C.  E.,  May,  1917. 
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explanation  to  the  Court  of  the  disapiiearance  of  the  other  2  in.  of  Mr. 
haek-water  is  not  antieii)ated  with  any  great  pleasure,  but  it  will  be 
easier  than  to  tell  how  the  water  is  piled  up  hicrher  below  the  bridge 
than  above  it.  The  lesson  on  the  use  of  untried  formulas  is  so  obvious 
that  it  is  passed  on  for  whatever  it  may  be  worth.  It  is  fortunate  for 
tlie  writer  that  the  charaeter  and  limitations  of  the  author's  new 
formula  were  discovered  previous  to  the  hearing,  and  a  mucli  more 
embarrassing  situation  thus  avoided. 

A  full  publication  of  Mr.  Nagler's  experiments  would  have  been 
of  the  greatest  value  in  studying  this  problem,  and  it  is  to  be  regretted  • 
that  such  a  paper  as  this  is  not  published  with  the  tables  in  full  for 
the  benefit  of  the  majority  of  the  members  of  the  Society  who  reside 
outside  of  New  York  City  and  cannot  avail  themselves  of  the  privileges 
of  the  Society  Library.  The  writer  is  well  aware  of  the  great  care 
with  which  the  author  conducted  his  experiments,  and  it  is  to  be 
hoped  that,  with  furtlier  work  along  the  same  line,  a  more  logical 
formula  will  be  evolved  in  time. 

The  following  is  a  statement  of  the  conditions  in  the  special  problem 
which  led  to  this  discussion: 

Discharge,  Q  =  19  500  sec-ft. ; 

Net  width  at  bridge,  W  =  203  ft. ; 

Mean  depth  at  bridge,  £"2  =  16.4  ft.; 

C  =  0.894  (using  for  the  pier  the  D  nose  and  the  A  tail  as  described 
in  the  paper) ; 

Area  of  channel  above  bridge  =  3  680  sq.  ft. ; 

^       19  500       „  ^  -.^ 

V  =  •  =  0.3  ft.  per  sec: 

3  680  ^ 

h  =  —  =  0.4367,  1.8  h  =  0.786,  0.3  h  =  0.131. 

Assume   the  velocity   of   retreat   to   be   equal   to   the   velocity   of  • 

approach;  then,  from  the  formula  for  Q,  on  page  841,* 

Q- 

^^  ^  2gG^W^  (H^  —  0.3  hf  ~  ^'^  ^ 


19  500^ 


64.4  X  0.8942  X  203'  (16.4  —  0.13)' 
=  0.686  —  0.786  =  —  0.100. 


0.786 


E.  W.  Lane,!  Jun.  Am.  See.  C.  E.  (by  letter).:}: — The  writer  ha»  Mr. 
studied  this  paper  with  a  great  deal  of  interest,  as  he  has  been  carry-    *°^' 
ing  on  a  series  of  experiments  along  a  similar  line  for  several  years. 
The  data  presented  are  of  great  value,  as  they  constitute  practically 
the   only   reliable    information   on   the   subject   which   has   been   pub- 

•  Proceedings,  Am.  Soc.  C.  E.,  May,  1917. 

t  Rantoul,  111. 

t  Received  by  the  Secretary,  August  25th,  1917. 
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Mr.  lisiied,  and  Mr.  Nagler  is  to  be  commended  for  the  service  which 
"°^'  he  has  rendered  in  making  it  available  to  engineers.  Some  of  the 
conclusions  are  somewhat  unexpected,  particularly  those  regarding 
the  efficiency  of  the  semicircular  ends  (Type  B),  the  90°  point  up 
stream  (Type  C),  and  the  effect  of  the  shape  of  the  down-stream  end 
of  the  pier.  In  general,  the  writer  agrees  with  the  statements  in 
the  paper,  but  on  several  important  points  his  observations  and  experi- 
ments have  led  to  conclusions  differing  somewhat  from  those  of  the 
author. 

Experiments  on  models,  such  as  those  described  in  this  paper, 
are  valuable,  as  they  often  point  out  the  solution  of  a  problem 
when  an  investigation  on  full- sized  apparatus  is  impossible.  Because 
of  the  many  factors  involved  in  most  hydraulic  phenomena,  however, 
it  is  unsafe  to  apply  the  resTilts  of  such  exjjeriments  directly  to 
actual  conditions.  Reliable  conclusions  can  only  be  reached  by 
making  a  careful  analysis  of  the  results  of  the  experiments,  to  arrive 
at  the  underlying  causes,  and,  from  a  knowledge  of  these,  determining 
how  far  these  results  may  be  modified  by  the  larger  scale  of  the 
actual  case. 

Although  the  title  of  the  paper  is  "Obstruction  of  Bridge  Piers 
to  the  Flow  of  Water",  and  the  formula  derived  by  the  author  gives 
the  height  of  the  back-water  caused  by  them,  the  writer  believes  that  the 
increased  height  of  the  water  surface  above  a  bridge  may  be  influenced 
by  other  factors  than  the  size  and  shai)e  of  the  piers.  The  principal 
causes  of  back-water  are: 

(1). — The  reduction  of  the  cross-sectional  ^rea  of  the  stream  as 
it  flows  under  the  bridge; 

(2). — The  effect  of  the  nose  of  the  pier; 

(3). — The  effect  of  the  tail  of  the  pier; 

(4). — Friction,  both  of  the  water  against  the  bottom  and  sides 
of,  the  channel  and  internal  frictions  in  the  water  itself. 

The  reduction  of  the  cross-sectional  area  of  the  stream  as  it  flows 
under  the  bridge  is  usually  the  most  important  factor  causing  back- 
water. In  this  reduction,  the  piers  often  play  a  minor  part,  their 
effect  sometimes  being  absent  altogether.  Perhaps  the  most  frequent 
cause  of  serious  back-water  is  the  construction  of  highways  or  rail- 
roads across  the  bottom  land  on  high  fills,  compelling  the  water, 
•^hich,  in  times  of  flood,  formerly  flowed  over  the  entire  valley,  to 
pass  through  the  comparatively  narrow  opening  at  the  bridge.  This 
was  the  condition  in  the  Lackawanna  vs.  Erie  case  cited  by  the 
author,  and  in  several  other  instances  which  have  come  to  the  writer's 
attention.* 

*  Report  of  the  Chief  Engineer  of  the  Miami  Conservancy  District,  1916,  Vol.  I, 
pp.  67—71.  A  Report  to  the  Mayor  and  City  Council  on  Flood  Prevention  for  the  City 
of  Columbus,  Ohio,  Alvord  and  Burdick,  September  15th,  1913,  pp.  80-89. 
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WIk'u   tlie  cross-section  of  a  stream  is  thus  reduced,   in  order  to   Mr. 
llow    tliroug:li    the   smaller    area,   the   velocity    of   the   water   must   be    *°®' 
increased,  and  a  backing  up  above  the  opening  occurs  until  the  water 
reaches   an  elevation   sufficient  to   create  this  higher  velocity.     The 
change  from   elevation   head  to   velocity   head  takes   place   according 
to  the  well-known  theorem  of  Bernouilli. 

The  afction  of  the  nose  of  the  pier  is  to  cause  the  water  to  flow 
through  an  area  smaller  than  the  actual  area  between  the  piers. 
One  who  has  closely  observed  the  action  of  a  bridge  pier  in  times 
of  high  water  has  no  doubt  noticed  that  a  considerable  space  adjoin- 
ing the  pier  is  filled  with  eddies,  in  which  the  motion  of  the  water 
has  only  a  small  ci)mix)nent  in  the  direction  of  the  flow  of  the  stream. 
Tliis  effect  is  particularly  noticeable  where  the  nose  of  the  pier  is 
poorly  designed,  or  where  the  piers  are  not  properly  set  with  refer- 
ence to  the  direction  of  the  current.  In  many  cases  the  abutments 
have  a  similar  action,  particularly  if  they  project  out  considerably 
into  the  stream  channel.  Because  of  the  presence  of  this  eddy-filled 
space,  the  area  through  which  the  flowing  water  must  pass  is  less 
than  the  actual  cross-section  of  the  water  under  the  bridge,  and  the 
velocity  of  the  water,  therefore,  must  be  correspondingly  greater, 
necessitating  a  greater  heading  up  above  the  bridge.  As  the  height 
varies  as  the  square  of  the  velocity  of  the  water,  it  is  evident  that 
the  effect  of  the  nose  of  the  pier  may  be  an  important  factor. 

A  striking  confirmation  of  this  explanation  of  the  effect  of  the 
nose  of  the  pier  is  given  in  Fig.  20,  showing  the  stream  lines  about 
the  model  piers.  In  all  cases,  with  two  exceptions,  for  piers  having 
tails  of  the  same  type,  the  coefficients  grow  less  as  the  area  shown 
by  the  sketch  to  be  occupied  by  eddies  increases.  For  example, 
of  the  piers  having  tails  of  the  B  type,  Fig.  20  shows  that  when 
arranged  in  decreasing  order  of  area  occupied  by  eddies,  they  are  as 
follows:  AB,  CB,  DB,  BB,  or  FB.  The  lines  about  AB  are  not 
sho^vn,  but  they  may  be  judged  from  those  about  AA.  This  order  is 
the  same  as  when  these  piers  are  arranged  in  increasing  order  of 
coefficients.  The  only  exceptions  to  this  rule  are  Models  EA  and  FA, 
v,'hich  seem  to  be  the  same  as  the  "inconsistencies''  mentioned  by  the 
author. 

The  third  factor,  the  effect  of  the  tail  of  the  pier,  is  more  difficult 
to  analyze.  Perhaps  the  most  common  explanation  would  be  that 
the  higher  coefficients  of  a  certain  pier  form  are  due  to  the  recovery 
of  head  resulting  from  the  gradual  enlargement  of  the  cross-section 
of  the  stream.  Although  the  effect  may  be  due  in  some  measure  to 
this  cause,  the  writer  believes  that  the  action  of  the  tail  of  the  pier 
is  similar  to  that  of  the  nose,  namely,  its  influence  on  the  effective 
cross-section  of  the  stream.  Below  a  bridge  pier,  in  times  of  high  . 
water,   eddies   or   vortices    are   formed  by   the   action   of   the  flowing 
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Mr.  water  on  the  comparatively  still  water  in  the  space  directly  behind 
the  piers.  The  vortices  on  the  two  sides  of  the  pier  diverge  as  they 
pass  down  stream,  in  extreme  cases  meeting  those  from  adjacent  piers 
some  distance  below.  The  action  of  these  eddies  further  reduces  the 
effective  area  of  the  bridge  opening  and  increases  the  back-water. 
This  seems  to  be  the  author's  conclusion  from  the  statement  on 
page  816*:  ''The  pier  with  a  tail  which  follows  the  diverging  stream 
lines  most  closely,  reducing  the  volume  of  eddying  water  to  a  mini- 
mum, should  be  most  efficient  at  the  dowai-stream  end."  Diagrams 
made  during  the  flood  of  the  Seine  in  1910,  showing  the  formation 
of  these  eddies  by  the  bridges  of  Paris,  have  been  published.f 

That  the  effect  of  the  tail  of  the  pier  is  of  much  less  importance 
than  that  of  the  nose  is  shown  by  a  comparison  of  the  coefficients  in 
Fig.  8.  The  difference  between  the  coefficients  of  the  most  and 
least  efficient  piers  of  any  set  having  tails  of  the  same  type,  ranges 
from  O.OGl  to  0.079,  with  an  average  of  0.070;  and  for  the  same 
shaped  nose  and  different  tail  shapes,  it  varies  from  0.016  to  0.040,  or, 
neglecting  the  apparently  inconsistent  results  for  Piers  EA  and  FAj 
it  ranges  from  0.016  to  0.023,  with  an  average  of  0.020.  The  relative 
importance  of  the  nose  and  tail  of  the  pier,  therefore,  is  about  as 
7  to  2. 

The  effect  of  friction  loss  has  been  little  discussed  by  the  author, 
because,  in  his  experiments,  it  was  negligible.  In  actual  cases  of 
back-water,  however,  this  may  become  an  important  factor.  The 
piers  of  bridges  are  often  protected  from  undermining  by  large  piles 
of  loose  stone  around  the  base,  or  the  bottom  of  the  stream  may  be 
rough  or  filled  with  piling.  In  connection  with  the  flood  prevention 
work  of  the  Miami  Conservancy  District,:};  the  writer  had  occasion  to 
measure  the  flow  through  the  contraction  of  a  river  channel  caused  by 
the  construction  of  a  bridge.  As  there  were  no  piers  in  the  stream,  the 
entire  change  of  elevation  head,  not  accounted  for  by  the  increased 
velocity,  was  lost  in  friction.  The  high  velocity  of  the  water  had  washed 
away  the  finer  material,  leaving  the  bottom  covered  with  rocks,  averag- 
ing, perhaps,  9  in.  in  diameter.  The  only  condition  tending  toward  high 
friction  loss  in  this  measurement,  which  would  probably  not  be  present 
in  most  cases  of  back-water,  was  the  comparatively  small  depth  of 
the  flowing  stream,  which  varied  from  4  ft.  above  the  bridge,  to  2  ft. 
in  the  most  contracted  section.  Of  the  total  drop  of  1.36  ft.,  0.43  ft. 
was   changed   into   velocity   and   the   remaining   0.93   ft.    was   lost   in 

*  Proceedings,  Am.  Soc.  C.  B„  May,  1917. 

■t  Amiales  des  Fonts  et  Chaussees,  July-August,   1911,  Ninth  Ser.,  Vol.  IV,  Part 
IV,  pp.  11-53. 
,  t  A  complete  description  of  this  measurement  will  be  published  in  the  Technical 

Report  of  the  Miami   Conservancy   District,   Part   IV,   "Calculation   of  Flow   in   Open 
Channels." 
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friction.      It   is  evident,   therefore,   that   in    some   cases   friction   may   Mr. 
be  of  considerable  importance.  '*°^" 

If  tlie  foregoing  analysis  correctly  represents  the  effect  of  the 
factors  causing  back-water  at  bridges,  the  rational  formula  for  this 
phononieua  would  be  developed  as  follows:  Suppose  that  the  first  of 
the  four  causes  is  the  only  one  acting,  and  that  there  is  no  recovery 
of  head  below  the  piers.  The  formula,  using  the  autlior's  notation, 
would  be,  by  Bernouilli's  theorem: 

'1  (J  2  (/    L  ^        w  h       /  J 

If  we  consider  also  the  effect  of  the  nose  and  tail  of  the  pier,  as 
described  above,  the  effective  area  between  the  piers  becomes  m  w  h, 
whei'c  in  is  the  ratio  of  the  effective  to  the  actual  width  between  the 
piers,  and 

2  g 

which,  expressed  in  the  terms  of  Q,  is 

,  _  _^  r       1        _  1  1 

^         2  g    L(m  to  ny^         W  (h  +  y)'^]' 

This  is  the  form  ascribed  to  Debauve,  although  the  writer,  as  will 
be  shown  later,  believes  that  it  was  first  derived  by  d'Aubuisson. 
The  writer  does  not  agree  that  this  is  the  same  as  the  formula  accred- 

ited    to    Eytehvein,  as    it   gives   results  (  — - —  )     times   as   large.     In 

actual  cases,  the  channel  is  not  rectangular,  as  is  assumed  in  this 
notation,  and  a  more  practical  formula  results  by  replacing  IF  (h  -\-  y) 
by  Af^,  the  cross-sectional  area  of  the  stream  above  the  bridge,  and 
w  h  by  A  2,  the  area  between  the  piers,  making  the  foregoing  formula 

2  g    Vm2  A.^  ~  A^"")  ' 

In  this  formula,  as  the  coefficient,  m^  is  the  ratio  of  the  effective 
area  to  the  actual  area  under  the  piers,  other  things  being  equal,  the 
opening  having  the  greatest  number  of  piers  would  have  the  greatest 
part  of  the  area  filled  with  eddies,  and,  therefore,  the  lowest  coefficient. 
In  the  same  way,  within  certain  limits,  the  wider  the  bridge  pier, 
the  wider  would  be  the  eddy-filled  area  about  it,  and  the  lower  would 
be  the  coefficient.  As  the  author's  formula,  as  will  be  shown  later, 
differs  only  slightly  from  that  just  given,  the  writer  does  not  agree 
with   his   conclusion   that   the   size   and   spacing   of  the  piers  would 


y  = 
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Mr.  have  no  effect  on  the  coefficient  of  discharge  of  bridge  openings.  The 
^^°^"  experimental  evidence  offered  does  not  necessarily  lead  to  that  con- 
clusion. Although  the  coefficient  of  a  small  orifice,  or  even  one  4  ft. 
square,  may  be  about  0.62,  one  would  hardly  expect  that,  with  the 
same  head,  the  width  at  the  vena  contracta  of  a  stream,  issuing  from 
an  orifice  100  ft.  wide,  would  be  only  62  ft.  The  action  would  probably 
be  more  like  that  of  a  weir  with  end  contractions,  where  the  effect 
of  the  contraction  at  each  end  reduces  the  effective  length  by  0.1  H. 
In  the  case  of  the  trash  racks  cited  by  the  author,  to  give  the  same 
"total  area  of  obstruction",  with  twice  the  number  of  bars,  requires 
that  the  width  of  each  bar  be  just  half  as  great;  and  the  loss  occasioned 
by  having  twice  the  number  of  bars,  may  be  offset  by  their  being 
only  half  as  wide. 

The  modification  of  the  formula  developed  previously  to  take  ac- 
count of  friction  must  necessarily  be  largely  a  matter  of  judgment,  as 
so  little  is  known  of  its  influence  that  exact  analysis  is  impossible. 
An  interesting  method  of  introducing  this  factor  was  developed  by 
Ivan  E.  Houk,  Assoc.  M.  Am.  Soc.  C.  E.,  in  connection  with  the 
studies  of  the  Dayton  flood.'*  This  method  was  used  in  determining 
the  discharge  of  the  Miami  River  and  its  tributaries  from  measure- 
ments of  the  drop  at  bridge  openings,  but  is  not  so  readily  applied 
to  the  reverse  operation  of  finding  the  height  of  back-water  resulting 
from  a  given  discharge.  Perhaps  the  most  practical  way  of  taking- 
account  of  friction  would  be  to  decrease  the  coefficient,  m,  by  an 
amount  dictated  by  judgment,  based  on  the  conditions  existing  at 
the  particular  opening  under  consideration. 

The  formula  developed  i^reviously  may  also  be  expressed  in  the  form. 


Q^CA,^2g(H+f^), 


where  H  is  the  drop  and  corresponds  to  the  y  of  the  preceding  formula, 
and  the  symbol,  C,  is  used  to  express  the  contraction  coefficient  in 
place  of  m.  It  will  be  seen,  therefore,  that  the  discovery  that  the  "dis- 
charge might  more  correctly  be  represented  as  that  through  an  orifice 
of  a  sectional  area  equal  to  the  minimum  stream  width  multiplied 
by  the  minimum  stream  depth,  under  a  head,  H,  equal  to  the  back- 
water caused  by  the  bridge  pier  (corrected  for  velocity  of  approach)", 
is  not  new,  having  been  kno^\^l  not  only  by  Unwin  and  Frizell,  but 
was  predicted  by  d'Aubuisson  (or  Debauve),  was  published  by  d'Au- 
buisson  in  his  "Treatise  on  Hydraulics"  in  1840,  and  is  a  direct  appli- 
cation of  the  Theorem  of  Bernouilli,  which  was  proposed  nearly  200 
years  ago. 

*  Report  of  the  Chief  Engineer  of  the  Miami  Conservancy  District,  1916,  Vol.  I, 
pp.  67-71.     The  Official  Plan  of  the  Miami  Conservancy  District,  Vol.  I,  pp.  67-71. 
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The  writer  ajirees  that  this  ])nipi)sitioii  is  the  rational  basis  for  Mr. 
the  back-water  fomiuhi,  and  that  the  formulas  of  Weisbach  and 
Merrinian,  when  applied  to  bridge  opening's,  violate  "a  very  funda- 
mental principle  of  hydraulics."  In  practical  cases,  however,  that 
part  of  the  disrliarge  which,  according  to  these  formulas,  is  assumed 
to  flow  over  a  weir,  is  usually  relatively  small,  and  does  not  intro- 
duce great  error  in  the  result.  It  is  interesting  to  note  that,  in  the 
tenth  edition  of  his  "Treatise  on  Hydraulics,"  Professor  Merriman 
has  adopted  the  form  ascribed  by  the  author  to  Eytelwein,  which  the 
author  believes,  ''in  all  probability,  is  the  most  correct  formula  which 
has  been  derived,  taking  the  preceding  theory  as  a  basis."  The  writer 
believes,  as  will  be  shown  later,  that  this  formula  is  also  erroneous. 
Experiments  made  by  him,  which  have  not  yet  been  comjileted,  indicate 
that,  for  certain  conditions  of  flow  through  contracted  oi:)enings,  the 
Weisbach  formula  is  not  only  empirically,  but  also  theoretically, 
correct.  These  conditions,  however,  do  not  occur  in  the  ordinary 
case  of  back-water  at  bridges. 

The    formula    developed    previously    differs    very    little    from    the 
author's  final  form,  as  it  can  be  expressed  by  the  following  equation : 


where  a  and  fS  are  zero  and  1.0,  in  place  of  the  0.3  and  1.8,  respec- 
tively, adopted  by  the  author.     The  justification  for  the  introduction 

of  the  term,  a  ~- ,  seems  to  be  (from  Fig.  19)  that  there  is  a  rise  in 

the  water  surface  dowm  stream  from  the  piers.  That  this  occurred 
in  the  experimental  flume,  the  writer  has  no  doubt,  but  he  does  not 
believe  that  it  is  representative  of  the  usual  conditions  of  back-water. 
It  should  be  noticed  that  the  waterway  on  each  side  of  the  model  pier 
had  a  width  of  only  about  1.6  times  the  width  of  the  pier.  The 
wave  formations  about  the  pier,  therefore,  would  occupy  a  much 
greater  relative  space  in  this  flume  than  in  actual  conditions,  where 
the  corresponding  space  would  probably  be  about  six  to  ten  times 
the  width  of  the  pier,  and  a  rise,  which  in  actual  conditions  might 
take  place  only  in  the  immediate  vicinity  of  the  pier,  and  not  aifect 
appreciably  the  greater  part  of  the  flow,  in  this  narrow  flume  would 
occupy  the  whole  width. 

The  only  information  bearing  on  the  question  of  the  rise  occurring 
below  bridge  openings,  of  which  the  writer  has  knowledge,  was  that 
collected  under  the  direction  of  Mr.  Ivan  E.  Houk,  in  connection 
with  the  investigation  of  the  Dayton  flood  by  the  Morgan  Engineering 
Company.  Detailed  surveys  wore  made  at  a  number  of  bridge  open- 
ings, and  in  only  one  case  was  there  any  evidence  that  the  elevation 
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L^ne   ^^  ^^^  water  surface  a  short  distance  down  stream  from  the  opening 
was  higher  than  the  lowest  point  of  the  water  surface  in  the  opening. 

I'  2 
Practically,  however,  tlie  term,  a  ~,  is  usually  a  very  small  correc- 
tion,   for,    even    with    v.,    equal    to    16    ft.    per    sec,    this    correction 
would  be  only  1.2  ft.,  and,  as  it  is  subtracted  from  H^,  which  is  usually 
comparatively  large,  it  has  relatively  little  effect.     The  effect  of  the 

i\^    . 
1.8  -—   IS  greater,  as  it  is  added   to  the  observed  head,  which  is  never 
2  9- 

more  than  a  few  feet.     On  the  other  hand,  the  discharge  is  a  function 


of  .  I  i?  +  1.8  --^- ,  and  the  im])ortance  of  the  velocitv  of  approach  cor- 
2  g 

rection,  therefore,  is  reduced. 

From  his  search  of  the  literature  dealing  with  the  flow  of  water 
through  contractions  in  a  channel,  the  writer  has  not  arrived  at 
quite  the  same  results  as  the  author  regarding  the  origin  of  the 
formulas  quoted.  Perhaps  the  author  had  access  to  information 
not  available  to  the  writer,  but,  inasmuch  as  certain  statements  already 
printed  in  the  publications  of  this  Society  differ  somewhat  from  those 
in  this  paper,  it  may  be  well  to  have  the  origin  of  the  various  formulas 
established.  The  late  William  R  Hutton,  M.  Am.  Soc.  C.  E.,  in 
his  paper  "On  the  Determination  of  the  Flood  Discharge  of  Rivers 
and  of  the  Back-water  Caused  by  Contractions,"*  writes  as  follows : 

''To  determine  the  increased  rise  which  would  be  caused  by  the 
contraction  of  the  water-way  by  the  works  of  the  Lackawanna  Com- 
pany, two  formulas  are  used,  which  furnish  very  different  results. 
The  first  is  that  of  Ej^telwein,  the  second  is  quoted  from  Debauve 
(Manuel  de  I'Ingenieur  des  Fonts  et  Chaussees.  Fonts  et  Maqonnerie), 
but  had  long  before  been  given  by  d'Aubuisson.  The  great  discrepancy 
in  the  results  given  by  these  two  formulas  (the  rise  y  by  the  Eytelwein 
formula  would  be  2.3  ft.,  by  that  of  d'Aubuisson  4.3  ft.),  both  of  them 
founded  upon  the  same  general  principle,  has  suggested  an  examina- 
tion of  the  process  by  which  they  were  constructed,  which  seems  to 
be  worth  recording. 

"Dubuat,  with  whom  the  method  originated,  assumes  that  there 
will  be  no  considerable  change  of  velocity  in  the  section  above  the 
contraction.     Consequently  the  velocity  in  the  contraction  will  be  to 

V   W 
that  above  it,  inversely  as  the  sections,  i\,  =  — — ,  and  the  difference 

w 

of  the  heights  to  which  these  velocities  are  due  will  be 

2  9-  2^m;2       2  (/        2  g  V  w^        V 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XI,  p.  239. 
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and  tlie  coefficient  which  is  to  compensate  for  the  contraction  of  the    Mr. 
stream  in  the  narrow  water-way  is  applied  to  the  resulting  height,  so  ^*"^- 

tliat  ill  its  tiiial  forin  we  liave  y  =        "        (  — ^  —  1  )  . 

m^  2  g  \  w^  / 

"In  the  first  edition  (1801)  of  his  Handhuch  der  Mechanik  und  der 
Thjdmulil-,  Eytelwein  follows  Dubuat  in  neglecting  the  diminution 
of  the  velocity  above  the  contraction,  caused  by  the  raising  of  the 
surface,  biit  he  applies  the  correction  for  contraction  to  the  narrow 
section  only.     Thus  making 

,,  _  1/!^V  -  ^  or   ^(^  -  J-)  • 
•'  ~  m'  \    10    J  2  J/  m^  V  ■«;"  2  9  /  ' 

m  beiiiLr  in  this  case  s/  2  (j  Y,  0.95. 

•  In  the  edition  of  1843  of  the  same  work  he  makes 


m^     \w  (h  +  y)/  mr 


10  (h  +  y)        w  (h  +  y)  m'     \w  (h  +  y), 

(h  +  yf 

as  quoted  by  General  Gihnore. 

"•It  will  1)6  observed  that  Vq  being  original  mean  velocity,  I'jj  (that 

Q  ,  .      ,        Q  i\   W  h 

between    the    piers)    is    not    ; but   simply    — -    =    — ; — - 

^        ^  w   (h   +  y)  ^  -^    IV  h  110  h 

V    W 

=  — — ,     Again,  as  the  second  member  of  the  primary  equation  is  the 
w 

head    due    to    the    velocitv    above    the    contraction,    it    is    equal    to 

/       W  h       \^  h'^ 

V'  I  -==. I    =^  I'n Si   which     does   not   varv  with   the    co- 

\W(h  +  y)J  \h-\-yf' 

efficient    of    contraction.       Substituting    we    have    y    =    ■    "     (  —5 — 5 

2  fif    \m^  w^ 


(h  +  y) 


j)  ,  m  being  the  usual  coefficient  of  contraction   applical)le 


form  involves  smaller  numbers  than  the  formula  quoted  by  General 
Gilmore  from  Debauve,  but  it  is  substantially  the  same." 

From  this  quotation  it  seems  that  the  formula  ascribed  to  d'Aubuis- 
son,  according  to  Mr.  Hutton,  was  proposed  by  Dubuat,  and  that 
ascribed  to  Eytelwein  is  not  the  same  as  either  of  those  quoted  by 
Mr.  Hutton  from  Eytelwein's  "Handhuch  der  Mechanik  und  der 
Hydraulik",  but  is  a  modification  of  them  which  was  proposed  by 
Mr.  Hutton,  and  which  the  writer  believes  is  based  on  erroneous 
assumptions. 

The  following  is  quoted  from  "A  Treatise  on  Hydraulics,"  by 
J.  F.  d'Aubuisson,  published  in  1840,  and  translated  by  Joseph  Bennett 
in  1852,  back-water  produced  by  contracting  the  water-way,  page  188: 
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Mr.  "The  height  of  this  fall  will  also  be  given  by  the  equation 

Lane.  ,  „  , 

^  2  f/  2  jy  2  ^    V  6--^  s,'  )  J     ■ 

Let  X  he  the  height  of  fall,  L  the  mean  breadth  of  the  stream  above 
the  contracted  space,  I  the  width  of  the  contracted  part,  and  h, 
the  depth  of  water  in  that  part;  its  section,  s,  will  be  I  k,  or 
rather  m  I  h,  m  being  the  coefficient  of  contraction  at  the  entrance; 
for  the  section,  s^^,  of  the  current  immediately  above  the  fall,  we  have 
L  (Ji  -\-  x),  h  -\-  X  being  the  depth  of  water  there  and  L  the  breadth. 
Thus,  observing  that  x  is  the  slope  designated  above  by  p'  we  shall 
have 

«'  (^ ^ )  .•. 

\m-  V  h-         L-  (h  +  xyj 

The  writer  was  not  able-  to  determine  whether  the  work  of  Debauve 
antedates  that  of  d'Aubuisson,  but  it  is  evident  that  they  both  used 
the  same  form,  and  that  Mr.  Hutton  believed  that  d'Aubuisson  was 
the  originator  of  it. 

A  close  examination  of  the  reasoning  of  Mr.  Hutton,  in  which  he 
develops  the  formula, 

y 


•^=^2, 


2  (/  Vm^  ro^       (h  +  v)^/ 


g  \nr  lo'^       (h  +  yy 

will  show  its  incorrectness,  from  a  theoretical  standpoint.     According 
to  Mr.  Hutton,  "  It  will  be  observed  that  -p^  being  the  original  mean 

Q 
velocity,  t",  (that  between  the  piers)  is  not but  simply 

Q    _  v,Wh  _  t^,  Tr_„ 
^v   h  w   H  w 

r^,  ,  .  Q  ,         ^0    ■^  ^i 

The  equalities  civen  are  erroneous,  as  is  not  equal  to  -^ — :, — , 

w    h  w  h 

Vf,W(li-\-y)  h  +  y  Vr,Wli 

but  rather  to  — — ^-,  which  is times  as  large  as  -^ — ; — ,  and, 

w  h  h  10  h 

therefore,   accounts    for    the    formula    derived    by    Mr.    Hutton    and 

ascribed  to  Eytelwein,  giving  results ;  times  as  large   as   that  of 

"        ^  (h  +  yy 

Debauve  (or  d'Aubuisson),  as  previously  mentioned. 

In  conclusion,  though  the  writer  does  not  believe  that  it  has  been 
demonstrated  that  all  the  existing  formulas  are  erroneous,  nor  that 
the  author's  formula  is  "far  more  adequate  and  simple  than  any  of 
the  existing  formulas",  as  it  differs  from  one  of  the  existing  forms 

only  by  the  addition  of  the  empirical  corrections,  0.3  — —  and  1.8  --^, 

2  r/  '2g 

the  author  has  undoubtedly  pointed  out  the  true  action  of  the  water 
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in  llowing-  throntih  a  bridtro  opening,  and  it  is  to  be  hoped  that  the  Mr. 
formuhas  based  on  the  combined  weir  and  orifice  theory,  now  so 
connnonly  used,  will  be  rapidly  discarded.  It  is  doubtful  if  the 
results  obtained  from  such  small-scale  models  justify  the  adoption 
of  the  corrections  mentioned  above,  when  applied  to  actual  cases  of 
back-water,  and  the  formula  of  Debauve  (or  d'Aubuisson),  when 
expressed  in  terms  of  the  area  of  the  stream  above  and  between 
the  piers,  is  much  more  simple  and  practical.  The  effect  of  these 
corrections  in  most  actual  cases  of  back-water,  however,  will  be 
so  slight  that  the  author's  coefficients  probably  could  be  used  with 
either  formula,  within  the  limit  of  accuracy  which  it  is  possible  to 
obtain  in  practice.  These  coefficients  supply  a  long  felt  need,  as  they 
offer  a  convenient  index  to  the  efficiency  of  the  various  types  of 
piers,  which  will  be  of  great  value  to  designers  of  bridges.  Although 
the  experiments  cover  most  practical  forms  of  piers,  a  number  of 
points,  such  as  the  effect  of  the  size  and  spacing  of  the  piers,  were 
not  determined,  and  it  is  hoped  that  these  will  be  investigated  in  the 
near  future. 

Mansfield  Merriman,*  M.  Am.  Soc.  C.  E.  (by  letter). f — The  con-  Mr. 
elusions  derived  by  the  author  regarding  the  relative  efficiencies  of 
piers  of  different  forms  are  interesting  and  valuable.  Although  most 
of  them  have  heretofore  been  known  in  a  general  way,  this  seems  to 
be  the  only  series  of  experiments  which  furnishes  numerical  compari- 
sons, and  hence  the  author  has  rendered  a  distinct  service  to  hydraulic 
and  bridge  engineers. 

Fig.  19  is  a  good  representation  of  the  profile  of  the  stream  at  the 
side  of  a  pier;  here,  however,  the  hump  at  the  nose  of  the  pier  and 
the  depression  along  the  side  are  local  phenomena  which  are  not  seen 
at  a  distance  of  10  or  15  ft.  from  the  side  of  a  common  bridge  pier. 
For  two  piers,  100  ft.  or  more  apart,  the  profile  of  the  stream  surface 
half  way  between  them  is  observed  to  be  a  straight  line,  and  numerous 
other  profiles  do  not  resemble  Fig.  19.  Fig.  13,  which  the  author 
criticizes,  was  not  intended  to  represent  a  profile  of  the  stream  at 
the  side  of  a  pier,  as  the  pier  lines  are  drawn  broken ;  it  was  intended, 
however,  to  represent  approximately  an  average  of  all  the  profiles 
between  two  piers.  It  appears  then,  as  the  author  admits,  that  there 
is  some  justification  for  the  formula  at  the  bottom  of  page  832,:}:  al- 
though, like  many  hydraulic  formulas,  it  cannot  be  regarded  as  theoret- 
ically perfect.  That  formula,  however,  is  an  awkward  one  from  which 
to  compute  values  of  the  back-water  rise,  H,  and,  therefore,  it  is  to  be 
desired  that  a  more  satisfactory  one  may  be  established. 

•  New  York  City. 

t  Received  by  the  Secretary,  September  5tb,  1917. 

t  Proceedings,  Am.  Soc.  C.  E.,  May,  1917. 
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Mr.  The  writer  is  inclined  to  the  opinion  that  the  fonnulas  given  on 

ernman.  p^gg  839*  contain  defects  which  do  not  justify  their  universal  appli- 
cation, but  he  is  very  glad  that  the  author  has  deduced  such  an  extended 
series  of  coefficients  for  them.  The  main  use  of  these  formulas  is, 
of  course,  for  the  computation  of  values  of  the  back-water  rise,  H,  from 
given  values  of  Q,  W ,  and  H^.  Had  the  author  given  a  numerical 
example  showing  how  this  may  be  done,  it  would  have  added  to  the 
interest  of  his  valuable  paper. 

Mr.  F.  H.  FRANKLAND,t  Assoc.  M.  Am.  Soc.  C.  E. — The  author  states 

Frankiand.  ^^^^^  there  are  very  few  experimental  data  on  the  subject  of  the  obstruc- 
tion of  bridge  piers  to  the  flow  of  water. 

As  evidence  which  would  seem  to  indicate  that  the  mathematical 
solutions  of  the  problem  and  existing  formulas  are  unreliable,  atten- 
tion is  called  to  the  writings  of  M.  Bossut,  the  well-known  French 
engineer,  wherein  his  mathematical  analysis  of  the  problem  led  him 
to  conclude  that  the  pier  nose  should  be  a  right-angled  triangle  in 
section.  On  the  other  hand,  M.  Dubuat,  in  his  "Principles  of  Hy- 
draulics," gives  a  mathematical  solution  which  suggests  a  section 
having  convex  curves  for  the  pier-nose  faces. 

Cresy's  well-known  experiments  on  the  shape  of  piers  were  made 
many  years  ago,  with  various  small  models,  about  15  cm.  thick,  and 
placed  in  a  canal  between  vertical  stop-boards  which  controlled  the 
depth  of  water.  Cresy  foiiiid  that  the  elliptical  section  gave  better 
results  than  aijy  other  form,  inasmuch  as  the  resistance  to  flow  was 
less  and  the  stream  contraction  was  a  minimum.  The  worst  results, 
as  indicated  by  these  experiments,  were  shown  by  a  model  with  con- 
cave-faced pier  noses.:}: 

Further,  to  illustrate  the  fact  that  previously  existing  formulas 
for  pier  design,  in  section,  are  misleading,  the  speaker  has  been  told 
by  J.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E.,  that  some'  years  ago,  during 
a  controversy  before  the  Secretary  of  War  regarding  the  then  existing 
Kansas  City  Southern  Railroad  Company's  bridge  at  Ohio  Avenue, 
over  the  Kaw  River,  at  Kansas  City,  a  certain  German  engineer 
testified  that  his  mathematical  investigations  showed  that  these  bridge 
piers  would  offer  such  obstruction  to  the  stream  flow  as  to  cause  a 
difference  in  water  level  between  the  up-stream  and  down-stream  sides 
of  the  bridge,  at  high-water  stage,  of  11  in.  Dr.  Waddell  stated  posi- 
tively that  the  obstruction  would  be  negligible.  Careful  investigations 
made  later  by  the  Railroad  Company  confirmed  this  statement.  In 
fact,  the  difference  in  elevation  between  the  water  on  the  up-stream 
and  down-stream  sides  of  the  bridge  is  barely  measurable. 

*  Proceedings,  Am.  Soc.  C.  B.,  May,  1917. 
t  New  York  City. 

tA  resume  of  these  experiments  is  given  in  "Sub-Aqueous  Foundations,"  by 
Charles  Evan  Fowler,  M.  Am.  Soc.  C.  E. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

I  N  S  T  I  T  V  T  EI)     1  S  5  2 


PAPERS  AND  DISCUSSIONS 

This  Society  is  not  responsible  for  any  statement  made  or  opinion  expressed 
in  its  publications. 


THE   WATER  SUrPLY  OF  PARKERSBURG,  W.   VA. 

Discussion.* 


By  William  M.  EL\ll,  M,  Am.  Soc.  C.  E.f 


William  M.  BaluX  M.  Am.  Soc.  C.  E.  (by  letter). §— The  writer  is    Mr. 
gratified  with  the  extent  of  the  discussion,  and  wishes  to  express  his 
appreciation  to  each  of  those  who  have  contributed  to  it. 

The  preliminary  investigations  for  a  new  water  supply  for  Parkers- 
burg  were  commenced  by  Senator  Camden — at  his  own  expense — 
as  early  as  about  1903,  and  were  continued  from  time  to  time 
until  Mr.  Knowles  was  engaged  in  1908.  During  this  period  he  con- 
ferred with  the  writer  many  times.  As  stated  by  Mr.  Fuller,  two 
factions  of  the  citizens  were  developed,  one  led  by  Senator  Camden 
favoring  a  well  supply,  and  the  other  led  by  the  mayor  of  the  city 
at  that  time,  favoring  a  mechanical  filtration  system.  Senator 
Camden  spent  several  thousand  dollars  of  his  personal  funds  in  extend- 
ing the  information  as  to  the  available  natural  supply  obtainable  from 
wells,  and,  besides,  devoted  much  of  his  time  to  gathering  information, 
locally  and  in  the  Ohio  Yalley,  relative  to  the  subject.  He  also  pre- 
sented the  city  with  a  tract  of  43  acres  for  water-works  purposes,  but 
this  was  lost  by  the  failure  to  adopt  the  well  system. 

The  mayor  in  office  at  that  period  was  skillful  enough  to  use  • 
the  subject  so  as  to  obtain  two  elections  therefrom,  but,  on  the  third, 
it  resulted  not  only  in  his  complete  downfall,  but  also  in  changing 
the  three-headed  form  of  city  government — consisting  of  a  council, 
board  of  affairs,  and  mayor — to  one  of  simply  a  mayor  and  four  com- 
missioners working  as  a  single  body. 

Mr.  Johnson  and  others  who  wish  for  more  data  on  the  investiga- 
tions by  Mr.  Knowles  and  Messrs.  Fuertes  and  Fuller,   in  reference 

•  Discussion  of  the  paper  by  William  M.  Hall,  M.  Am.  Soc.  C.  E.,  continued  from 
August,  1917,  Proceedings. 
t  Author's  closure. 
t  Parkersburg,    W.   Va. 
§  Received  by  the  Secretary,  September  8th,  1917. 
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Mr.  to  the  natural  available  well  supply  on  the  Camden  Farm,  the  capacity 
*  ■  of  the  wells,  the  comparison  of  the  several  waters  chemically,  the  bac- 
teria, B.  coli,  and  bacteria  count,  should  obtain  printed  copies  of  these 
reports  from  the  city  clerk;  they  contain  many  valuable  data,  too 
extensive  for  this  paper. 

A  copy  of  the  test  made  under  the  direction  of  Mayo  Tolman,  Jun. 
Am.  Soc.  C.  E.,  Chief  Engineer  of  the  State  Board  of  Health,  for 
the  fiscal  year  past,  as  prepared  by  him  and  given  out  for  publication 
under  date  of  August  13th,  1917,  is  given  in  Table  8. 

In  a  further  report,  in  reference  to  this  supply,  Mr.  Tolman  says : 

"The  Parkersburg  water  supply  is  undoubtedly  safe  for  consumption. 
*  *  *  A  few  samples  have  been  pronounced  unsafe,  and  a  few 
more  suspicious.  Some  of  the  unsafe  samples  are  undoubtedly  due 
to  the  length  of  time  elapsing  between  their  collection  and  analysis. 
To  be  truly  representative  of  the  water,  an  analysis  should  be  made 
within  a  very  few  hours  after  the  sample  has  been  collected,  and  yet 
at  least  one  set  of  samples  was  5  days  in  reaching-  the  laboratory — 
ample  time  for  the  bacteria  present  to  develop  in  untold  numbers. 

"As  for  the  poor  samples  that  cannot  be  accounted  for  in  this 
manner,  you  must  realize  that  Parkersburg  has  practically,  if  not 
actually,  the  only  filter  plant  in  the  State  that  is  not  using  large 
amounts  of  chemicals  to  obtain  a  satisfactory  water.  The  addition  of 
these  chemicals  is  a  large  factor  in  reducing  the  number  of  bacteria. 
If  Parkersburg  will  slightly  increase  the  amount  of  chlorine  now  used, 
the  bacteria  contents  of  her  drinking  water  can  be  made  as  low  as 
that  in  any  supply  in  the  State.  I  have  instructed  one  of  my  assistants 
to  tabulate  the  results  of  analyses,  and  I  am  enclosing  these  data 
herewith. 

"You  will  note  that  pump  house  samples  have  but  seldom  shown 
coli,  one  of  these  times,  8/10/16,  evidently  being  a  fluke,  as  the  colon 
was  found,  yet  no  bacteria  were  present;  a  second  was  found  in  a  set 
of  samples  that  was  five  days  in  transit,  and  the  third  and  only  other 
time  in  a  set  of  samples  in  which  both  the  tap  and  reservoir  showed 
up  remarkably  well." 

In  consideration  of  such  a  showing  as  to  quality  and  cost,  and 
the  further  fact  that  Mr.  Gray,  who  passed  on  the  final  design  of  the 
infiltration  system  in  use,  has  a  professional  experience  of  such  wide 
extent  as  to  be  equalled  by  very  few  of  his  professional  brethren,  it 
appears  that  Mr.  Fuertes's  strictures  on  page  631*  might  have  been 
best  withheld  until  the  Parkersburg  system  is  more  thoroughly  tried 
out. 

The  writer  omitted  descriptions  of  the  filters  and  their  operations 
for  the  reason  that  they  could  be  given  better  by  Mr.  Gray  or  his  assist- 
ant, Mr.  Leland.  As  they  have  not  done  this,  the  writer  will  answer 
briefly  some  of  the  queries  suggested  in  reference  to  the  general 
design. 

*  Proceedings,  Am.  Soc.  C.  E.,,  April,  1917. 
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Mr.  Each    of   the   five   units    in   the   filter    system    is    connected    inde- 

■  pendently  with  the  pumps  and  flushing  tank  by  an  18-in.  pipe,  with 
valves  for  shutting  off  one  or  more  units  from  the  remainder  of  the 
system,  for  back-flushing  or  cleaning  the  filters.  At  first,  12-in.  pipes 
were  proposed,  but  18-in.  pipes  were  adopted,  in  order  to  reduce  fric- 
tion and  vacuum,  and  to  regulate  the  supply  better  when  flushing. 

The  design  first  considered  for  the  pump,  well,  and  pipes  provided 
that  the  strainer  pipes  should  flow  into  the  well  by  gravity,  which 
required  a  well  some  20  ft.  deeper  than  built.  The  writer  still  ques- 
tions the  advisability  of  the  change  in  the  plan.  The  principal 
objection  to  the  arrangement  as  constructed  is  the  vacuum  produced 
in  the  suction  pipes  and  the  resulting  injury  to  the  filter  beds  by  the 
great   increase   in  the   draft   on   them. 

In  flushing  through  the  18-in.  pipes,  the  flushing  water  can  be 
delivered  to  the  strainer  pipes  with  any  desired  rapidity  or  pressure. 
It  is  true  that  the  water  issuing  from  the  strainers  will  take  the 
line  of  least  resistance  in  rising  to  the  surface,  and  it  is  almost 
surprising  that  so  few  blow-holes  have  been  found.  However,  the 
writer  realizes  that  they  might  become  a  serious  source  of  contam- 
ination. 

The  best  method  of  removing  the  sand  and  gravel  covering  the 
strainer  pipes,  the  extent  of  such  needed  renewals,  the  necessity  of 
rei^airing  the  pipes,  and  other  requirements  of  operation  which  will 
occur  as  the  system  grows  older,  are  yet  to  be  developed.  However, 
it  is  now  apparent  that  extensive  work  in  sand  renewal  or  cleaning 
will  only  be  required  at  intervals  of  several  years.  When  such  exam- 
ination is  made,  should  it  be  found  that  the  polluted  sand  and  gravel 
extends  all  the  way  down  to  the  strainer  pipes  and  that  a  coffer-dam 
is  required  for  such  renewal,  even  in  that  case,  the  cost  should  hardly 
equal  half  the  cost  of  first  construction.  Should  it  be  found  that  it 
is  necessary  to  renew  only  the  top  sand,  and  that  the  work  can  be 
done  in  the  wet,  without  a  coffer  for  unwatering,  it  will  cost  only 
a  small  fraction  of  the  first  cost.  Since  the  filters  were  constructed, 
the  Government  has  built  a  dam' in  the  Ohio  River  below  them,  which 
at  pool  stage  puts  about  11  ft.  of  water  on  them. 

The  writer  is  of  the  opinion  that  the  City  should  be  advised  at 
all  times  of  the  extent  and  depth  of  the  pollution,  both  in  order  to 
maintain  the  water  at  a  higher  standard  of  quality  and  also  to  be 
able  to  renew  the  affected  sand  and  gravel  before  the  pollution  ap- 
proaches so  close  to  the  strainer  pipes  as  to  affect  seriously  the  quality 
of  the  water  or  make  a  coffer  for  cleaning  imperative.  However, 
thus  far,  the  system  has  been  operated  without  any  such  knowledge  or 
any  attempt  to  obtain  it.  In  fact,  except  for  the  back-flushing  and 
the  3  or  4  days'  work  done  by  Mr.  Leland  in  the  fall  of  1916,  no  work 
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has  been  done  on  tlie  tilterd  since  their  construction,  not  even  to  the   Mr. 
extent  of  taking  soundings  in  order  to  discover  blow-holes. 

From  Mr.  Tobnan's  commendation  of  this  system,  as  previously 
cited,  it  is  not  clear  that  the  State  Board  of  Health  would  take  such 
action  as  suggested  by  Mr.  Knowles.  In  fact,  it  appears  that  any 
city  having  similar  favorable  conditions  for  such  a  water  supply 
would  have  no  serious  trouble  in  obtaining  the  State  Board's  approval 
for  a  similar  plant. 

It  may  also  be  well  to  remember  that  the  State  Board  is  a  creature 
of  the  State  and  the  people,  and  this  is  a  day  when  the  autocrat  of 
state,  religion,  and  science  seems  to  be  passing. 

When  this  system  was  adopted,  the  writer  thought  the  conditions 
for  a  well  system  were  so  favorable  that  it  was  unwise  for  the  City 
to  take  the  hazard  involved  in  the  experimental  system  adopted;  but 
his  associates  were  so  much  in  favor  of  doing ,  so,  on  Mr.  Gray's 
recommendation,  that  the  writer  finally  concurred  with  them.  The 
fact  that  the  system  in  use  has  its  source  in  the  same  underground 
supply  as  the  proposed  wells  would  appear  to  be  more  of  a  commenda- 
tion than  otherwise.  After  further  study,  he  thinks  that  Mr.  Knowles 
will  conclude  that  there  is  a  great  difference  between  it  and  the 
old  failing  crib  system  tried  by  so  many  Ohio  Valley  towns. 

On  page  632*  Mr.  Fuertes  makes  a  comparison  of  the  cost  of  the 
mechanical  filter  system  proposed  by  himself  and  Mr.  Fuller,  with. 
a  statement  of  cost  of  the  new  construction  as  actually  made.  The 
details  of  their  estimate,  as  taken  from  their  report,  is  as  follows: 

Intake  and  intake  well $4  000 

Filtration   plant   complete 50  800 

Low-lift  pumping  equipment 3  000 

Main  pumping  station,  including  all  machinery  except 

low-lift    pimaps 51  000 

Dike  and  grading 10  000 

Force  main  to  reservoir 25  500 

$144  300 
Add  15%  for  contingencies  and  supervision 21  645 

$165  945 

A  comparison  of  this  estimate  with  the  statement  of  the  completed 
work  on  pages  58  and  59,t  including  many  thingg  not  in  their  estimate, 
is  hardly  relevant. 

*  Proceedings,  Am.  Soc.  C.  E.,  April,  1917. 
t  Proceedings,  Am.  Soc.  C.  E.,  January,  1917. 
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ON  CONCRETE  AND  REINFORCED  CONCRETE* 


By  a.  H.  Khett,  Assoc.  M.  Am.  Soc.  C.  E.f 


A.  H.  Khett,:};  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). § — The  Appen-  Mr. 
dix  to  the  report  repeats  the  usual  or  standard  textbook  formulas  for 
proportioning  concrete  beams.  It  has  always  seemed  to  the  writer  that 
though  these  formulas  are  normal  for  the  analysis  of  a  beam  already 
built,  they  certainly  operate  in  a  reverse  and  roundabout  manner  for 
proportioning  a  new  beam. 

One  must  first  find  p,  a  proportion  of  an  unknown  area,  then  K,  a 
proportion  of  an  unknown  depth,  then  j,  which  is  a  fraction  of  the  real 
depth,  and  then  d;  and,  from  d,  one  then  works  back  to  the  absolute 
value  of  p. 

It  is  perfectly  possible  to  solve  a  reinforced  concrete  beam'  as 
directly  as  a  steel  beam,  and  from  the  same  basic  elements,  that  is,  the 
bending  moment  and  the  assumed  fiber  stresses  and  moduli  of  elas- 
ticity. The  writer  has  used  such  formulas  for  years.  The  formulas 
given  in  the  report  are  derived  fundamentally  from  the  summation  of 
the  horizontal  stresses  in  the  concrete  and  steel;  those  used  by  the 
writer  are  derived  from  the  moments  of  these  forces.  For  instance, 
taking  the  first  condition,  a  beam  reinforced  on  the  tension  side  only, 
and  using  the  notation  adopted,  except  that  absolute  values  will  be 

•  Continued  from  August,  1917,  Proceedings. 

t  Previous  discussion  by  Mr.  Rhett  appeared  in  Proceedinqs  for  February,  1917, 
p.  333. 

t  New   York    City. 

§  Received  by  the  Secretary,   August   3d,   1917. 
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Mr.    considered  instead  of  proportional  ones ;  that  is,  Kd  will  be  represented 
^^^"'  as  y,  and  phd  as  a,  and,  referring  to  Fig.  17,  we  would  have : 

3  of  moments  of  horizontal  stresses  =  -  /^  y^  _^  a  f^y.,=^  0 
2  of  horizontal  stresses  =  —  ?/  /^  —  a  /^  =  0 


and 


/., 


from  which  would  result,  if -4'  is  expressed  as  r,  and  M  is  the  moment 
per  unit  of  width  of  beam,  say,  inch-pounds  per  inch  of  width, 

y 


y_ 

2  r 


_^;„  =  ,(l  +_-);„  =  ; 

4'''    (t    ^  ^  n) 
for  a  set  of  specified  values  such  as  n  =  15,  /,  =  20  000  lb.,  f^  =  600 
lb.,r  =  33.3, 


•'^'^v  -T77T,f^  =  3.2  y,  and  a 


y_ 

67 


Neutral  Axig^ 


Kd-y 


y„ 


-9- 


Neutral  Axis 


7" 


L 


^i 


^2 


Fig.   17. 


Fig.  18. 


For  beams  reinforced  on  both  sides,  the  formulas  are  not  so  easily 
derived,  but  become  equally  simple  of  application  for  specified  values. 
Two  assumptions  would  have  to  be  made,  however :  first,  the  usual  one 
of  the  ratio  of  y^  to  y  (referring  to  Fig.  18) ;  and,  second,  the  relative 
area  of  a',  the  area  of  the  steel  in  compression,  to  a.  The  latter 
assumption  would  be  dictated  largely  by  practical  conditions,  as  in  a 
series  of  spans  of  restrained  beams.     Let  a'  =  Ca. 


Papers.]     DISCUSSION  ON  CONCRETE  AND  REINFORCED  CONCRETE     1573 

Then,  1     ., 

25  3/  =  -  r  /,  +  C  a  /;  ?/,  +  ij,  a  /, 


Mr. 
Rhett. 


wliicli  give, 


:?  II=af\  —  Caf'  —  —y 


-=/=4t-^0  +  ^)] 


I  M 

y  = 


I  M 


If  r-4-  —  4-^'  ^^1 

2  r  \  r  y    / 

a'  =  C  a, 

which  equations  become  identical  with  those  for  single  reinforcement 

when    C  ^  0.     With   specified   values,   these  become   equally   simple. 

y, 
Usinii  the  same  notation  and  with  C  =  0.5  and  —  =  0.75: 

y 

M 
IS 
d=d.22y 

00 

For  T-beams  reinforced  for  tension  in  stem  only,  and  the  neutral  axis 
lying-  witliin  the  flange,  the  forms  are  the  same  as  for  rectangular 
beams  reinforced  on  one  side  only,  except  that  M  and  a  represent 
values  per  unit  width  of  flange  and  not  of  stem. 

In  the  case  of  the  T-beam  the  axis  of  which  lies  in  the  stem,  very 
simple  formulas  can  be  similarly  derived  with  two  assumptions  which 
are  entirely  within  the  realm  of  rationality,  considering  the  very 
radical  assumption  in  T-beam  design  in  regard  to  the  effective  width 
of  the  flange.     These  assumptions  are,  referring  to  Fig.  19,  that  the 

averages,  /^  =  ^  f\  and  Z  =  t,  are  both  on  the  side  of  safety.  Express- 
ing t  as  Ky,  then, 

^  ^^  =  ^  ■^^'  /c  y  (■'/  —  Y  ^^  •' )  +  ^'  -^c  y-i 

2H=^    Kyf^-af, 
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Mr.    and 

Rhett. 


M 


Fig.  19. 

With  the  same  specified  unit  values  as  before,  and  with  K  =  0.75,  the 
formulas  reduce  to  the  same  simple  forms: 


y 


M 
675" 
d  =  S.22y 

y 

a  =  — 
67 

t  =  0.75  y 

All  these  formulas  can  be  read  directly  from  a  slide-rule,  and  the 
actual  area  and  spacing  of  the  bars  could  be  taken  from  a  table  such 
as  Table  4,  in  which  the  moment  is  expressed  in  inch-pomids  per  inch 
of  width  of  beam. 

TABLE  4. — Values  of  a  for  Eound  Bars. 


Diameter, 
in  inches. 

% 

■'Ao 

H 

9/l8 

% 

me 

H 

18/ie 

% 

Area,  a, 
in  square  inches. 

0.11 

0.15 

0.196 

0.248 

0.307 

0.371 

0.442 

0.518 

0.601 

te      .2 

4j  e  3 

5      es 

«     P. 

Sin. 

0.037 

0.050 

0.065 

0.082 

0.102 

0.124 

0.147 

0.173 

0.200 

3^  in. 

0.032 

0.043 

0.056 

0.071 

0.088 

0.106 

0.125 

0.148 

0.172 

^     <« 

4  in. 

0.027 

0.037 

0.049 

0.062 

0.077 

0.093 

0.110 

0.130 

0.150 
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Note. — Memoir;?  will  be  reproduced  in  the  volumes  of  Transactions.  Any  in- 
formation which  will  amplify  the  records  as  here  printed,  or  correct  any  errors, 
should  be  forwarded  to  the  Secretary  prior  to  the  final  publication. 


WILLIAM  HAIIKY  ARNOLD,  M.  Am.  Soc.  C.  E.* 


Died  August  13th,  1917. 


William  Harry  Arnold  was  born  at  Smithfield,  Pa.,  on  September 
22d,  1864.  From  1880  to  1883,  he  was  a  student  at  the  Mt.  Pleasant 
Classical  and  Scientific  Institute,  at  Mt.  Pleasant,  Pa.,  and  from 
January,  18S3,  to  August,  1885,  he  served  as  an  Apprentice  in  the 
Erecting  vShops  of  the  Pennsylvania  Railroad  at  Pittsburgh,  Pa. 

In  September,  1885,  Mr.  Arnold  entered  Rensselaer  Polytechnic 
Institute,   at   Troy,   N.   Y.,  from  which  he  was  graduated   in  Jtxne, 

1890,  with  the  degree  of  C.  E.,  having  lost  one  year  (1886),  on  accotmt 
of  sickness. 

In  June,  1890,  he  entered  the  employ  of  Nier  and  Hartford,  of 
Chattanooga,  Tenn.,  being  engaged  on  general  engineering  work.  He 
remained  in  this  position  and  with  Hartford  and  Hebert,  until  June,, 

1891,  when  he  was  engaged  by  G.  W.   G.  Ferris  and  Company,  of 
Pittsburgh,  Pa.,  on  general  inspection  work. 

From  April  to  September,  1895,  Mr.  Arnold  served  with  the  Barber 
Asphalt  Company,  of  Buffalo,  iST.  Y.,  and  then  came  to  New  York 
City,  as  Office  Manager  for  R.  W.  Hildreth  and  Company.  He  also 
had  charge  of  the  field  work  for  this  Company  in  the  vicinity  of 
New  York. 

From  August,  1896,  to  April,  1899,  Mr.  Arnold  was  engaged  with 
various  officers  of  the  Corps  of  Engineers,  U.  S.  A.,  generally  around 
New  York  City,  first  as  Draftsman,  and  then  as  Inspector  of  harbor 
improvements.  This  work  included  the  Patchogue  Jetty  improvement, 
the  dredging  of  the  South  Amboy,  N.  J.,  Channel,  the  dredging  of 
the  Bay  Ridge  and  Red  Hook  Channels,  New  York  Harbor,  as  well 
as  work  in  connection  with  battery  emplacements  at  Fort  Wadsworth, 
N.  Y.,  and  Fort  Taylor,  at  Key  West,  Fla. 

In  April,  1899,  Mr.  Arnold  entered  the  employ  of  the  W.  H.  Beard 
Dredging  Company,  of  New  York  City,  as  Superintendent  and  Engi- 
neer, in  complete  charge  of  the  dredging  fleet  and  the  reconstruction 
of  dredges  and  tugs,  retaining  this  position  until  July,  1903,  when 
he  became  Superintendent  of  the  fleet  of  the  Hughes  Brothers  and 
Bangs  Dredging  Company,  of  New  York  City. 

•  Memoir  prepared  by  the  Secretary  from  information  furnished  by  E.  B.  Ashby, 
Cons.  Engr.,  Lehigh  Valley  Railroad  Company. 
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From  July  to  October,  1904,  Mr.  Arnold  was  employed  by  J.  G. 
White  and  Company,  of  New  York  City,  on  harbor  work  in  the 
Philippine  Islands. 

In  March,  1905,  he  was  engaged  by  the  Bush  Termipal  Company, 
of  New  York  City,  first  as  Superintendent  of  Floating  Equipment, 
including  the  design  and  construction  of  tugs,  car  floats,  dredges,  etc., 
until  June,  1906,  when  he  was  made  Chief  Engineer  of  the  Company. 

In  1907,  Mr.  Arnold  resigned  his  position  with  the  Bush  Terminal 
Company  to  enter  into  private  practice  as  a  member  of  the  firm  of 
Arnold  and  Andrew,  Consulting  Engineers,  but,  in  1909,  the  partner- 
ship was  dissolved,  and  Mr.  Arnold  became  General  Manager  of  the 
Bay  State  Dredging  Company,  of  Boston,  Mass. 

From  1912  tmtil  January,  1914,  he  was  engaged  in  general  engi- 
neering work.  On  the  latter  date  he  was  appointed  Terminal  Engineer 
of  the  Lehigh  Valley  Railroad  Company,  in  New  York  City,  which 
position  he  retained  until  his  death,  on  August  13th,  1917.  In  this 
capacity,  Mr.  Arnold  had  charge  of  the  construction  of  the  new  ore 
dock  at  Constable  Hook,  N.  J.,  as  well  as  the  piers,  pier  sheds,  and 
dredging  in  New  York  Harbor  and  at  Perth  Amboy,  N.  J. 

Mr.  Arnold  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  May  1st,  1907. 


JAMES  EDGAR  JENKINS,  M.  Am.  Soc.  C.  E.* 


Died  July  5th,  1917. 


James  Edgar  Jenkins  was  born  in  Vernon,  N.  Y.,  on  November 
25th,  1878.  He  received  his  early  education  in  the  Vernon  schools, 
and  was  graduated  from  the  village  High  School  in  1896. 

His  father,  Josiah  W.  Jenkins,  is  a  well-known  surveyor  and  hy- 
draulic engineer,  and  from  him  the  boy  learned  the  rudiments  of  engi- 
neering so  well  that  he  qualified  as  Rodman  with  the  United  States 
Deep  Waterways  Survey,  on  which  work  he  was  engaged  during 
1897-98. 

In  1898,  the  Utica  Gas  and  Electric  Company  undertook  the  hydro- 
electric development  of  West  Canada  Creek,  at  Trenton  Falls,  N.  Y., 
and,  for  nearly  three  years,  Mr.  Jenkins  was  Instrumentman  and 
Inspector  on  this  project. 

In  the  mid-term  of  1900,  he  entered  Rensselaer  Polytechnic  Insti- 
tute where  he  quickly  overtook  his  class,  and  was  graduated  in  excel- 
lent standing  with  the  degree  of  C.  E.  in  1904.  During  his  summer 
vacations  he  was  employed  as  Instrumentman  on  the  Rutland  Cana- 
dian Railroad  and  the  Fort  Plain,  N.  Y.,  Water- Works. 

*  Memoir  prepared  by  H.  R.  Beebe,  Assoc.  M.  Am.  Soc.  C.  E. 
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Inuiu'diately  aft<n-  his  finiduatioii.  ]\Ir.  Jenkins  entered  the  employ 
of  the  eujJTineers  iu  charjre  of  the  Pennsylvania  llailroad  Tunnels,  in 
New  York  City,  as  Rodman,  and  shortly  became  Chief  of  Alignment 
on  the  East  River  Division.  This  led  to  a  position  as  Engineer  with 
the  Naughton  Company  and  Arthur  McMullen.  on  Sections  A  and  B. 

For  the  next  three  years  he  was  Engineer  for  the  Thomas  Crimmins 
Contracting  Company,  on  Barge  Canal  Contract  No.  9  and  on  several 
minor  contracts  in  New  York  City. 

Mr.  Jenkins  was  then  employed  as  Engineer  for  Smith,  Hauser, 
Locher  and  Company,  on  Aqueduct  Contract  No.  66,  which  position 
he  retained  for  nearly  three  years.  While  engaged  on  this  work  his 
health  began  to  fail,  due  to  pulmonary  trouble,  and  he  sought  to  rdgain 
it  by  a  stay  at  Southern  Pines,  N.  C.  This  sojourn  was  short- 
ened, in  order  that  he  might  undertake  the  alterations  of  the  dam, 
spillways,  etc.,  of  the  Union  Manufacturing  and  Power  Company,  on 
Broad  River,   South  Carolina. 

Shortly  thereafter,  in  March,  1915,  Mr.  Jenkins  became  Superin- 
tendent for  the  Cook  Construction  Company,  on  Contract  No.  2  of 
the  Montreal  Aqueduct  Enlargement.  When  this  work  was  closed 
down  by  war  conditions,  he  returned  to  New  York  and,  after  a  brief 
rest,  took  charge  of  the  erection  of  a  large  concrete  chemical  mill  at 
Buffalo  for  the  contractors,  the  John  W.  Cowper  Company.  This  con- 
tract was  carried  out  during  the  winter  of  1916-17,  and  on  the  comple- 
tion of  the  work  Mr.  Jenkins'  health  was  so  precarious  that  he  returned 
to  his  home  in  New  York  to  recuperate.  Shortly  afterward,  however,  he 
became  associated  with  the  writer  in  constructing  a  roundhouse  at  North 
White  Plains,  but,  before  its  completion,  he  was  obliged  to  leave  for 
a  sanitarium  at  Saranac  Lake,  N.  Y.,  at  which  place  he  died  of  tuber- 
culosis, on  July  5th,  1917. 

From  the  foregoing  summary  of  his  activities,  it  will  be  noted  that 
!Mr.  Jenkins  was  never  idle.  In  his  spare  moments,  he  was  a  frequent 
visitor  to  the  Society  House,  and  had  a  large  acquaintance  among  the 
members.  He  was  of  an  inventive  turn  of  mind,  and  had  patented 
several  devices  along  mechanical  lines,  including  an  automatic  flash- 
board  and  a  snow-melting  furnace.  This  furnace  he  had  intended  to 
try  out  on  a  commercial  scale  during  the  coming  winter,  and  it  was 
expected  that  it  would  be  so  efficient  that  large  numbers  would  be  used 
in  competition  with  the  ordinary  methods  of  snow  removal. 

Mr.  Jenkins'  early  death  was  due  in  large  part  to  his  unwillingness 
to  recognize  the  signs  of  failing  health.  He  seemed  to  have  a  convic- 
tion that  his  bodj^  was  a  machine  which,  with  minor  repair.s,  could  be 
run  indefinitely,  and  that  overhaul  could  be  put  off  safely  until  his 
complete  convenience.  In  spite  of  ill-health,  his  mind  and  judgment 
were  not  affected,  and  his  cheerfulness  was  the  admiration  of  all  who 
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knew  him.  That  his  career  was  cut  so  short  is  a  source  of  deep  grief 
to  his  friends  and  to  those  acquaintances  who  recognized  in  his  pro- 
fessional attainments  the  promise  of  a  bright  future. 

In  June,  1907,  Mr.  Jenkins  was  married  to  Miss  Helen  Day,  of 
New  York  City.  He  is  survived  by  his  widow  and  two  children,  a 
girl  of  seven  and  a  boy  of  five,  and  also  by  his  parents,  Mr.  and  Mrs. 
J.  W.  Jenkins,  of  Yernon,  N.  Y.,  and  one  sister,  Mrs.  Carl  H.  Dudley, 
of  Silver  Creek,  N.  Y. 

Mr.  Jenkins  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  December  5th,  1906,  and  a  Member  on 
March  14th,  1916. 


EUGENE  CASTNER  LEWIS,  M.  Am.  Soc.  C.  E.* 


Died  February  13th,  1917. 


On  the  left  bank  of  the  Cumberland  River,  about  eight  miles  above 
Dover,  the  county  seat  of  Stewart  County,  Tennessee,  there  may  still 
be  seen  the  ruins  of  the  once  famous  Cumberland  Iron  Works,  which 
were  destroyed  by  the  Federal  Army  after  the  capture  of  Fort  Donel- 
son,  on  February  16th,  1862. 

In  1830,  two  brothers,  John  and  Samuel  Stacker,  came  fi'om  Penn- 
sylvania to  Tennessee,  and  in  beginning  this  enterprise  became  the 
founders  of  the  iron  industry  in  this  section  of  the  State.  With  them 
came  George  T.  Lewis,  then  a  lad  sixteen  years  of  age.  Thirty-two 
years  later,  this  property  had  developed  into  a  great  domain  of  more 
than  60  000  acres,  from  which  were  obtained  the  ore,  limestone,  and 
charcoal  used  in  its  furnaces.  The  Hon.  John  Bell,  James  Woods, 
and  the  Yeatmans  had  become  interested,  and  George  T.  Lewis  was 
General  Manager  of  the  works  and  the  affairs  of  the  partnership.  The 
chief  product  of  the  foundry  was  the  massive  iron  kettles  used  in  the 
manufacture  of  sugar  in  the  Southern  States  and  abroad.  The  fur- 
naces supplied  the  charcoal,  pig  iron,  and  blooms  used  in  the  foundry 
and  rolling  mill,  the  surplus  being  sold  on  the  market.  The  product 
of  the  rolling  mill  was  bar  iron  of  exceptionally  high  quality.  About 
500  slaves  and  many  employed  men  supplied  the  labor. 

Mr.  George  Thomas  Lewis,  the  efficient  Manager  of  this  great  prop- 
erty, and  his  wife,  who  was  Miss  Margaretta  Barnes,  of  Philadelphia, 
Pa.,  were  the  parents  of  six  children,  all  born  at  their  home  at  the 
Cumberland  Iron  Works.  The  fourth  child,  born  June  22d,  1845,  was 
Eugene  Castner  Lewis,  the  subject  of  this  memoir. 

*  Memoir  prepared  by  the  following  Committee  :  Messrs.  Wilbur  P.  Foster,  Hunter 
McDonald,  John  Howe  Peyton,  and  Richard  Montfort,  Members,  Am.  Soc.  C.  E. 
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Born  and  reared  in  the  very  midst  of  organized  and  productive 
labor,  the  young  lad  inhaled  with  the  air  that  he  breathed  the  instinct 
and  inspiration  that  abided  with  him  through  all  the  stirring  years  of 
his  life.  His  motives  and  purposes  were  ever  for  production  and  con- 
struction; never  for  the  reverse. 

At  his  father's  home,  and  at  a  private  school  in  the  neighborhood, 
he  learned  the  rudiments  of  education.  This  was  followed  by  a  course 
at  Stewart  College,  in  Clarksville.  Then  came  the  four  years  of  war 
between  the  States.  Fort  Donelson,  only  nine  miles  from  his  home, 
was  the  scene  of  fierce  fighting  and  final  capture.  The  gunboats  came 
up  the  river,  and  his  father,  bound  and  taken  as  a  prisoner  on  one  of 
them,  was  forced  to  face  and  witness  the  destruction  of  the  plant,  the 
work  of  his  lifetime.  Thrilled  with  anger  and  indignation,  the  lad, 
Eugene,  was  so  unguarded  in  his  talk,  so  eager  to  help  the  Con- 
federates, that  he  was  threatened  with  imprisonment.  This,  however, 
was  waived  on  condition  that  he  be  sent  out  of  the  State;  and  thus  it 
was  that  Eugene  became  a  student  at  the  Pennsylvania  Military 
Academy,  then  at  West  Chester,  Pa.,  from  which  he  was  graduated 
with  the  Class  of  1865  as  one  of  ten,  most  proficient  in  mathematics 
and  kindred  studies.  Here,  also,  he  acquired  a  title,  due  perhaps  to 
his  proficiency,  popularity,  or  characteristic  leadership,  a  title  that 
stayed  with  him  to  the  end  of  his  days,  and  for  more  than  fifty  years 
he  was  only  and  always  known  as  "Major  Lewis."  No  other  title 
seemed  to  fit. 

With  very  brief  delay  after  his  graduation  from  the  Military 
Academy,  Major  Lewis  began  his  professional  career,  in  October,  1865, 
in  the  service  of  the  Memphis,  Clarksville,  and  Louisville  Railroad, 
as  Assistant  Engineer,  with  the  late  William  D.  Pickett,  Hon.  M.  Am. 
Soc.  C.  E. 

In  May,  1866,  he  entered  the  service  of  the  Louisville  and  Nash- 
ville Railroad,  as  Assistant  with  the  late  Rudolph  Fink,  M.  Am.  Soc. 
C.  E.,  in  the  Road  and  Engineering  Department,  and,  from  October, 
1869,  until  November,  1870,  he  was  in  charge  of  the  construction  of  the 
Glasgow  Branch  of  that  road. 

He  was  then  engaged  in  making  surveys  for  three  projected  lines 
of  railroad  in  Western  Tennessee  and  Northern  Mississippi  until  July, 
1871,  when  he  was  placed  in  charge  of  the  construction  of  the  road 
which  is  now  the  Owensboro  and  Russellville  Division  of  the  Louisville 
and  Nashville  Railroad. 

On  completion  of  this  service.  Major  Lewis  withdrew  from  strictly 
professional  engagements  as  a  Civil  Engineer;  and,  yet,  in  the  mul- 
tifarious affairs  of  his  active  life,  his  education  for  the  Profession, 
together  with  his  native  talent,  experience,  and  close  study  of  engi- 
neering work,  constituted  a  most  important  factor  in  his  equipment 
for   the   conception,   organization,    and    successful   accomplishment   of 
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the  many  notable  achievements  in  which  his, skill  and  training  as  a 
Civil  Engineer  were  in  constant  service. 

As  the  business  member  of  the  firm  of  W.  B.  Read  and  Company, 
Major  Lewis  was  engaged,  in  1873-74,  in  the  execution  of  a  contract 
for  the  construction  of  certain  sections  of  very  heavy  work  in  Ken- 
tucky, on  the  railroad  which  is  now  a  part  of  the  Queen  and  Crescent 
System. 

Through  the  large  purchase  of  explosives  used  on  this  work,  Major 
Lewis  became  favorably  known  to  the  Dupont  Powder  Company.  This 
led  to  the  acquaintance  and  personal  friendship  of  its  owners,  and  to 
his  appointment  as  their  agent  for  the  sale  of  the  product  of  their 
subsidiary  mills  at  Sycamore,  in  Cheatham  County,  Tennessee,  and, 
later,  to  his  entire  control  and  management  of  that  property,  until,  in 
1904,  manufacture  at  that  plant  ceased,  and  the  mills  were  dismantled. 

Sycamore  Mills  was  the  business  headquarters  and  residence  of 
Major  Lewis  from  1875  to  1897,  and,  during  the  summer,  until  1907. 
The  memory  of  his  public  spirit  and  usefulness  is  cherished  and 
honored  in  that  community,  where  the  many  improvements  in  high- 
ways, bridges,  and  other  details  still  bear  testimony  to  his  skill,  energy, 
and  .good  judgment.  It  was  in  the  reconstruction  of  one  of  these 
bridges  that  the  accident  occurred  which  finally  cost  him  his  life. 

It  was  during  the  period  of  his  engagement  in  this  enterprise  that 
Major  Lewis  was  married,  on  October  12th,  1880,  to  Miss  Pauline 
Dunn,  of  Nashville,  Tenn.,  and,  at  their  home  at  Sycamore,  seven 
children  were  born,  all  of  whom  are  living.  Mrs.  Lewis  died  at  Nash- 
ville, on  January  14th,  1902. 

In  the  executive  department  of  railways.  Major  Lewis  served  with 
great  ability  and  success:  On  December  8th,  1896,  he  was  elected  a 
member  of  the  Board  of  Directors  by  the  Stockholders  of  the  Nash- 
ville, Chattanooga,  and  St.  Louis  Railway,  and  served  faithfully  and 
efficiently  in  that  capacity  until  his  death.  He  was  Chairman  of  the 
Executive  Committee  from  December  14th,  1898,  to  October  13th, 
1914.  and  was  "Chairman  of  the  Board"  from  February  28th,  1906, 
until  his  death.  Twice  the  duties  of  Acting  President  were  added  to 
his  other  service;  first,  from  February  l7th  to  February  28th,  1906; 
and,  again,  from  December  19th,  1913,  to  April  1st,  1914. 

For  more  than  30  years,  Major  Lewis  possessed  the  friendship  and 
confidence  of  the  chief  officials  of  the  Louisville  and  Nashville  Rail- 
road System,  and  by  them  was  entrusted  with  the  care  of  its  interests 
in  many  matters  of  importance,  especially  in  its  affairs,  and  the  de- 
velopment of  its  facilities  in  Tennessee.  An  important  item  in  this 
service  was  the  following : 

"The  Louisville  and  Nashville  Terminal  Company"  was  chartered 
on  March  22d.  and  organized  on  March  28th,  1893,  for  the  purpose  of 
perfecting  joint  terminal  facilities  for  the  use  of  the  Nashville,  Chat- 
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tanoofra,  and  St.  Jx)uis'  Railway,  and  the  Louisville  and  Nashville 
Kailroad,  and  the  erection  of  the  necessary  buildings  required  for  the 
joint  or  separate  use  of  those  roads. 

The  steps  ])reliniinary  to  the  purposes  of  this  charter  were  all 
under  the  personal  direction  of  Major  Lewis,  and  extended  over  a 
period  of  several  years,  required  for  the  purchase  of  the  necessary  real 
estate.  Major  Lewis  was  made  President  of  the  Company,  on  March 
'2d,  1898,  and  served  in  that  office  until  November  27th,  1905.  ]n  that 
capacity,  he  had  responsible  control  of  every  detail,  including  the 
approval  of  all  plans  and  designs,  and  the  awarding  of  contracts;  also, 
the  general  supervision  of  grading  the  grounds,  construction  of  the 
Union  Passenger  Station  and  other  extensive  buildings,  steel  viaducts, 
bridges,  yard  trackage,  and  other  details,  altogether  involving  an  ex- 
penditure of  more  than  $2  500  000.  This  work  was  begun  in  August, 
1898,  and  formally  opened  for  service  in  October,  1900. 

The  Nashville  and  Decatur  Railroad,  ,  beginning  at  Nashville, 
Tenn.,  and  ending  at  Decatur,  Ala.,  is  under  lease  for  a  long  term  of 
years  to  the  Louisville  and  Nashville  Railroad,  but  the  organization 
of  the  Lessor  Company  is  maintained,  and,  of  this.  Major  Lewis  was 
a  member  of  the  Board  of  Directors,  and  Vice-President  at  the  time 
of  his  death. 

The  Napier  Iron  Works  are  in  Lewis  County,  Tennessee,  and,  from 
the  time  of  its  organization  in  1890,  until  1895,  Major  Lewis  was 
President  of  the  Company  and  General  Manager  of  the  works.  A 
branch  line  of  the  Louisville  and  Nashville  Railroad  was  built  from 
Summcrtown  to  Napier,  and  the  furnace  plant  at  that  place  was  built 
and  operated  as  a  charcoal  furnace  until  1895  under  his  management. 

By  the  Courts,  Major  Lewis  was  entrusted  with  the  following  re- 
sponsible duties: 

In  1901,  he  was  made  Co-Receiver  in  the  affairs  of  the  Nashville 
Street  Railways.  This  resulted  in  the  re-organization  of  the  Company 
under  the  title  of  The  Nashville  Railway  and  Light  Company,  in  1903. 

In  Jime,  1910,  he  was  appointed  Co-Receiver  in  the  affairs  of  the 
Bon  Air  Coal  and  Iron  Company.  In  the  performance  of  this  trust, 
he  continued  until  his  death. 

It  is  probable  that  his  notable  success  in  the  organization,  develop- 
ment, and  management,  as  Director  General,  of  the  Tennessee  -Cen- 
tennial Exposition,  held  at  Nashville  in  1897,  is  the  especial  achieve- 
ment by  which  Major  Lewis  was  most  widely  known,  and  for  which  he 
justly  received  the  greatest  commendation  from  the  public. 

It  is  impossible,  in  this  memoir,  to  give  adequate  or  even  jjartial 
description  of  this  memorable  and  historic  event  and  its  far-reaching 
influence  for  good.  Suffice  it  to  say  that  it  was  the  unanimous  and 
unqualified  action  of  the  large  and  very  able  Board  of  Directors,  as 
well  as  the  voice  of  the  people  at  large,  that  the  complete  success  of 
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the  Exposition  was,  in  great  measure,  due  to  the  skill,  inventive  genius, 
and  admirable  taste  of  Major  Lewis  in  the  design  and  construction  of 
details,  and  to  his  rare  ajdministrative  ability  in  the  management  of 
its  affairs. 

•  As  a  natural  consequence,  and  under  the  inspiration  of  the  example 
set  in  the  attractive  beauties  of  the  Exposition  grounds,  there  came 
the  creation  of  the  Park  System  of  the  City  of  Nashville;  and  from 
]901  to  1913,  Major  Lewis  was  the  moving  spirit,  the  presiding  genius 
of  the  Board  of  Park  Commissioners.  Evidence  of  his  taste,  skill, 
and  originality  is  seen  in  numberless  details,  sometimes  unique, 
always  attractive,  in  the  many  Parks  of  Nashville,  to  which  he  devoted 
much  time  and  study.  At  the  Centennial,  "The  Parthenon",  an 
accurate  reproduction  of  the  original  at  Athens,  still  stands  as  a 
memento  of  the  Exposition. 

The  Nashville  American  had  long  been  the  leading  morning  daily 
newspaper  of  the  city.  In  1896,  Major  Lewis  became  its  owner  and 
publisher,  and  continued  as  such  until  1909.  Under  his  management, 
it  was  a  vigorous  and  influential  advocate  of  the  policies  of  the 
political  party  of  which  it  was  the  organ,  and  of  integrity  and  "up- 
to-date"  methods  in  municipal  affairs.  One  especial  reason  for  its 
purchase  in  1896  was  for  its  service  in  the  Publicity  Department  of 
the  Centennial  Exposition. 

The  Engineering  Association  of  the  South  was  organized  at 
Nashville,  on  September  18th,  1889,  and  Major  Lewis  was  one  of  the 
charter  members.  He  served  as  Director  for  several  terms,  and  was 
President  of  the  Association  in  1893. 

The  following  are  some  of  the  personal  attributes  of  Major  Lewis, 
which  combined  in  the  formation  of  a  character,  aggressive,  public 
spirited,  and  of  conspicuous  usefulness  in  public  affairs  and  in  private 
life:  Strict  integrity  and  faithfulness  in  official  station,  and  in 
matters  of  public  or  private  trust;  and,  in  this,  he  was  imperative 
in  demanding  the  same  from  colleagues  and  subordinates.  Eearless 
disregard  of  public  opinion  or  criticism,  in  advocating  or  executing 
measures  which,  in  his  judgment,  were  commendable  and  right; 
independence  of  thought,  and  great  originality  in  conception,  design, 
and  methods;  untiring  energy  and  industry.  His  active  mind,  domi- 
nating a  somewhat  frail  physique,  seemed  never  to  be  at  rest. 

At  his  home,  there  was  ever  a  rare  and  genial  hospitality  and  an 
unfailing  and  active  interest  in  the  welfare  of  the  people  among 
whom  he  lived. 

Major  Lewis  was  gifted  with  correct  taste  and  appreciation  of 
works  of  art,  and  was  a  liberal  subscriber  to  funds  for  the  promotion 
thereof,  as  well  as  to  other  measures  of  public  character.  His  private 
charities  are  known  to  have  been  large,  but  were  ever  carefully  con- 
cealed. 
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Briefly,  Major  Lewis  was  jiuhlic  si)iritcd,  self-reliant,  masterful, 
fearless,  outspoken,  faithful  in  duty,  talented,  successful,  charitable, 
and  honorable  in  all  his  dealings. 

Like  all  men  of  strong  character,  he  was  not  faultless,  nor  without 
vigorous  opponents  and  some  personal  enemies;  and,  yet,  by  one  and 
all,  his  death  was  felt  to  be  a  calamity;  and  his  imperative  dictation, 
that  there  should  be  "no  flowers,  no  funeral,  no  fuss"  when  he  should 
pass  away,  could  not  prevent  the  large  attendance  of  eminent  men, 
long-time  associates,  and  warm-hearted  friends,  from  near  and  far, 
at  the  brief  but  deeply  impressive  service,  when,  at  the  twilight  hour, 
his  remains  were  placed  in  the  family  vault  at  Mt.  Olivet. 

Then,  too,  as  the  twilight  faded,  for  300  sec.  all  traffic  ceased,  no 
wheels  were  in  motion,  on  the  entire  system  of  the  Nashville,  Chatta- 
nooga, and  St.  Louis  Railway,  and  on  the  street  railways  of  the  City 
of  Nashville. 

Major  Lewis  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers,  on  March  5th,  1873,  and  served  as  a  Director  in 
1903-05  and  1912-14.  He  valued  his  membership  in  the  Society  very 
highly,  and, '  until  his  death,  maintained  an  active  interest  in  its 
affairs. 

ALEXANDER  WILLIAM  MacCALLUM,  M.  Am.  Soc.  C.  E.* 


Died  February  8d,  1917. 


Alexander  William  MacCallum  was  born  in  Edinburgh,  Scotland, 
on  July  25th,  1859. 

He  served  an  apprenticeship  of  four  years  to  a  mechanical  trade 
at  the  shops  of  the  Central  Railroad  of  New  Jersey,  at  Ashley,  Pa. 
This  apprenticeship  was  finished  in  1881,  and  he  then  entered 
Lafayette  College,  at  Easton,  Pa.,  from  which  he  was  graduated  in 
June,  1885,  with  the  degrees  of  C.  E.  and  M.  E. 

During  1886,  and  a  part  of  1887,  Mr.  MacCallum  was  employed  as 
Engineer  and  Assistant  Superintendent  at  the  Massillon  Engine 
Works. 

In  1887  he  was  engaged  by  Samuel  R.  Bullock  and  Company,  of 
New  York  City,  as  Engineer  and  Superintendent  of  the  water-works 
at  Massillon,  Circleville,  and  Defiance,  Ohio,  thus  entering  the  field 
of  water-works  engineering,  in  which  he  afterward  specialized. 

In  March,  1889,  Mr.  MacCallum  was  appointed  Engineer  and  Gen- 
eral Manager  in  charge  of  all  the  public  utilities  of  R.  D.  Wood  and 
Company.  While  in  this  position,  he  supervised  the  building  and 
rebuilding  of  many  of  that  Company's  water-works  plants,  as  well  as 

•  Memoir  prepared  by  the  Secretary  from  information  furnished  by  George  W. 
Fuller,  M.  Am.  Soc.  C.  E.,  Robert  C.  WTieeler,  Assoc.  M.  Am.  Soc.  C.  E.,  and 
Harry  S.  Hopper,   Esq. 
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the  management  of  several  of  its  gas  and  light  plants,  including  those 
at  Denison,  Tex. ;  Mobile,  Florence,  and  Tuscaloosa,  Ala. ;  Pensacola, 
Tampa,  and  Lake  City,  Fla. ;  Macon,  Ga. ;  Vincennes  and  Greencastle, 
Ind. ;  Sharon,  Corry,  Chester,  and  Marcus  Hook,  Pa.;  Owego,  N.  Y. ; 
and  Millville,  N.  J. 

On  numerous  occasions,  he  acted  as  Appraiser  and  Arbitrator  for 
various  companies,  notably  for  the  Trinidad,  Colo.,  Water- Works 
(189());  the  Macon,  Ga.,  Gas  Light  and  Water  Company  (1910);  the 
Warren,  Pa.,  Water- Works  (1911);  the  Ashland,  Ivy.,  Water  Company 
(1911)  ;  as  well  as  the  Kane,  Pa.,  Water  Company,  the  Catlettsburg, 
Kenova,  and  Cereda,  W.  Va.,  Water- Works,  etc. 

From  March,  1906,  until  his  death,  Mr.  MacCallum  was  Consult- 
ing Engineer  and  General  Manager,  in  charge  of  a  number  of  public 
utilities  for  financial  interests,  with  headquarters  at  Philadelphia, 
Pa.,  devoting  his  spare  time  to  valuations  and  appraisals  and  to  ex- 
aminations and  reports,  for  bankers  and  private  investors,  on  water- 
works properties  in  various  States.  He  was  probably  best  known  as 
the  Secretary  and  General  Manager  of  the  New  Chester  Water  Com- 
pany, of  Chester,  Pa.,  and  also  of  the  Linwood,  South  Chester,  Ridley, 
Chichester,  Edgemont,  and  Delaware  Wa.ter  Companies,  and  of  the 
Greencastle  and  Vincennes,  Ind.,  Water  Corporations. 

On  February  3d,  1917,  while  apparently  in  the  best  of  health,  Mr. 
MacCallum  suffered  a  stroke  of  apoplexy  which  caused  his  death. 

On  October  13th,  1887,  during  his  residence  in  Massillon,  Ohio, 
Mr.  MacCallum  was  married  to  Grace  F.  Weaver,  of  Cleveland,  Ohio. 
He  is  survived  by  his  wife  and  five  children,  Mrs.  l^ellie  Williams,  Jane 
Gordon,  Grace  Elizabeth,  Walter  Wood,  and  Alexander  William 
MacCallum,  Jr. 

His  most  striking  characteristic  was  his  cheerfulness  and  optimism 
and  his  devotion  to  his  work,  his  family,  and  his  immediate  friends, 
among  whom  his  loss  will  be  keenly  felt.  Although  exceedingly  modest 
and  retiring,  he  was  withal  a  shrewd  business  man.  He  used  sound 
judgment  in  the  application  of  his  engineering  knowledge  in  the 
water-works  field,  and  won  the  confidence  alike  of  citizens  and  public 
oflficials,  as  well  as  of  his  associates,  in  the  management  of  the  various 
water-works  properties.  Under  his  quiet  manner,  however,  Mr.  Mac- 
Callum had  great  strength  of  character,  devotion  of  purpose,  and  deep 
religious  convictions. 

He  had  made  his  home  at  Merchantville,  N.  J.,  for  many  years,  and 
always  took  an  active  interest  in  local  public  affairs.  Among  other 
things,  he  served  for  a  long  time  as  a  member  of  the  Sewerage  Com- 
mission which  inaugurated  and  constructed  the  improved  sewerage 
system  for  the  town. 

At  a  meeting  of  the  Executive  Committee  of  the  New  Chester 
Water  Company,  on  February  21st,  1917,  Mr.  Harry  S.  Hopper,  the 
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'rrcasurcr  of  tlio  C'oimnitteo,  who  was  also  an  intimate  friend  of  Mr. 
MacCalluiii.  made  the  following  statements: 

"It  is  with  a  feeling  of  deep  sadness  that  I  report  the  sudden  death 
on  February  3d,  1917,  of  our  late  Secretary  and  General  Manager, 
Mr.  Alexander  W.  MacCallum. 

"The  loss  of  Mr.  MacCallum  seems  irreparable  to  me  personally, 
and  also  to  the  Water  Works  he  managed,  as  well  as  the  Water  Works 
community  generally.  He  was  connected  with  our  interests  for  nearly 
30  years,  and  was  much  more  than  the  title  given  him  indicates.  He 
took  a  deep  personal  interest  in  each  plant  and  could  not  have  been 
more  faithful  and  painstaking  had  he  owned  the  properties.  He 
alwaj's  put  the  'ladies'  first,  meaning  Mrs.  Little,  Mrs.  Lippincott,  and 
Mrs.  Hopper,  and  never  spared  himself  where  their  interests  were 
involved. 

''He  built  the  properties  up  in  the  last  ten  years  to  a  point  of  effi- 
ciency and  profit  toward  which  he  had  been  aiming,  and  looked  for- 
ward to  the  completion  of  the  work  planned  at  Chester  as  the  crowning 
effort  of  his  life;  it  is  difficult  to  understand  why  he  should  not  have 
been  allowed  to  realize  his  desire." 

The  following  resolutions  were  also  unanimously  adopted  at  the 
meeting : 

"Resolved,  That,  in  the  death  of  Mr.  MacCallum  the  Company 
has  met  a  loss  that  cannot  be  supplied.  Mr.  MacCallum's  character 
included  an  extraordinary  combination  of  qualities.  To  a  thorough 
technical  knowledge  of  the  scientific  branches  of  the  business,  which 
he  had  acquired  as  engineer,  he  united  the  broad  knowledge  of  busi- 
ness, which  he  had  earned  by  conscientious  devotion  to  work,  and  he 
had  also  the  higher  qiialities  which  the  experience  of  responsibility 
cheerfully  and  successfully  borne  brings  to  all.  His  sympathy  with 
human  nature  was  deep  and  evident,  and  his  qualities  of  friendship 
were  sincere  and  enduring. 

"Resolved.  That  the  Board  desires  to  extend  its  deepest  sympathy 
to  Mrs.  MacCallum  and  her  family,  and  directs  that  a  copy  of  these 
resolutions  be  forwarded  to  her." 

Mr.  MacCallum  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  September  2d,  1914. 


DAVID  WENDEL  SPEXCE,  M.  Am.  Soc.  C.  E. 


Died  June  28tii,  1917. 


On  September  22d,  1868,  David  Wendel  Spence,  the  son  of  the 
late  Joseph  and  IMargaretta  (Wendel)  Spence,  was  born  at  Austin, 
Tex.  His  early  education  was  obtained  at  private  schools  in  Austin, 
and,  for  four  years,  he  was  a  member  of  the  classes  in  the  late  Professor 
Bickler's   Academy.     In  June,   1889,  he  received  his   B.    Sc.   degree 

*  Memoir  prepared  by  J.  C.  Nagle,  M.  Am.  Soc.  C.  E. 
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from  the  then  young  University  of  Texas,  his  work  as  a  student  having 
been  in  the  Civil  Engineering  course. 

During  the  summer  of  1889,  Mr.  Spence  was  a  member  of  the 
geological  field  party  of  the  late  Dr.  Theodore  B.  Comstock,  then 
Geologist  in  charge  of  the  investigation  of  the  Central  Mineral  Dis- 
trict of  Texas,  on  the  Texas  State  Geological  Survey.  In  September, 
1889,  he  entered  the  University  of  Michigan  where  he  pursued  advanced 
work  in  civil  engineering  under  the  late  Charles  E.  Greene,  M.  Am. 
Soc.  C.  E.,  then  Professor  of  Civil  Engineering  in  that  institution, 
and  spent  one  year  in  resident  study.  In  1891,  after  having  had 
one  year's  active  practice  in  his  profession,  at  Denver,  Colo.,  he 
received  his  C.  E.  degree  from  the  University  of  Michigan. 

Mr.  Spence's  year  in  Denver  was  spent  in  the  ofiice  of  the  Lane 
Bridge  and  Iron  Works,  the  factory  of  which  company  was  in  Chicago, 
111.  Later,  he  returned  to  Chicago,  and  was  Chief  Draftsman  of  the 
South  Halsted  Street  Iron  Works  until  September,  1892,  when  he 
resigned  to  return  to  Texas  to  accept  a  position  in  the  Agricultural 
and  Mechanical  College  of  Texas,  with  which  institution  he  main- 
tained continuous  connection  until  his  death.  During  his  twenty-five 
years  of  service  at  the  College,  he  occupied,  successively,  the  following 
positions:  1892  to  1898,  Assistant  Professor  of  Civil  Engineering  and 
Physics,  and  of  Drawing;  1898  to  1899,  Associate  Professor  of  Civil 
Engineering  and  Physics,  and  Drawing;  1899  to  1904,  Professor  of 
Physics;  1904  to  1908,  Associate  Professor  of  Civil  Engineering;  1908 
to  1913,  Professor  of  Structural  Engineering;  and,  1913  to  1917,  Dean 
of  the  School  of  Engineering,  and  Professor  of  Civil  Engineering. 

Dean  Spence  organized  the  Texas  Engineering  Experiment  Station, 
at  the  Agricultural  and  Mechanical  College,  and  was  its  Director  from 
its  inception  until  his  death.  He  also  rendered  additional  valuable 
service  to  the  College  along  several  lines  of  physical  development. 
From  1907  to  1911,  he  was  in  charge  of  repairs  to  buildings,  and  of 
the  maintenance  and  extension  of  the  water  supply  and  sewer  systems 
of  that  institution.  He  was  also  Supervisor  of  Construction  of  the 
$100  000  mess  hall,  built  at  the  College  in  1913.  From  1912  until 
the  time  of  his  death.  Dean  Spence  was  Supervising  Engineer  for 
all  new  construction  work  at  the  Prairie  View,  Tex.,  Normal  and 
Industrial  College  (for  negroes),  over  which  the  Board  of  Directors 
>  of  the  Agricultural  and  Mechanical  College  has  jurisdiction.  From 
1911  until  his  death,  he  had  complete  charge  of  the  repairs  to  build- 
ings, and  of  water-works  and  sewer  extensions,  at  Prairie  View. 

During  his  vacations.  Dean  Spence  occupied  various  positions, 
among  which  the  following  may  be  mentioned:  1894,  Assistant  Engi- 
neer, Brazos  and  Burleson  Railway  Company;  1895  and  1896,  Engi- 
neer, Brazos  River  Channel  and  Dock  Company,  Velasco,  Tex.;  1899, 
Draftsman,    Union    Bridge    Company,    Athens,    Pa.;    1900,    Assistant 
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Eng:ineer,  Houston,  East  and  West  Texas  Eailroad  Company;  1901 
Draftsman,  Columbia  Bridjic  Company,  Cnrneprie,  Pa.;  1903,  Assistant 
J.oeating  Engineer,  Gulf,  West  Texas  and  Pacific  Railroad  Company; 
and  1905,  Draftsman,  Penn  Bridge  Company,  Beaver  Falls,  Pa. 

Dean  Spence  also  did  considerable  private  work  as  Consulting 
Engineer,  especially  on  highway  bridges. 

Among  his  former  students  are  numbered  many  prominent  engi- 
neers, not  only  of  Texas,  but  of  other  States  and  of  foreign  countries, 
every  one  of  whom  bears  him  in  affectionate  remembrance,  and  who, 
together  with  a  host  of  other  friends,  deeply  mourn  his  untimely  end. 
Zeal  for  his  work,  and  love  for  his  institution,  caused  him  for  years 
to  overtax  himself,  and  to  disregard  the  warnings  of  failing  health. 
Almost  up  to  the  very  hour  of  his  death,  he  was  busy  planning  better- 
ments in  his  college  courses  and  improvements  in  the  conduct  of  his 
Department.  Long  will  the  College  miss  his  wise  counsel  and  ener- 
getic efforts  in  its  behalf. 

In  June,  1S93,  Mr.  Spence  was  married  to  Miss  Lucy  Reese,  daugh- 
ter of  the  late  distinguished  Judge  T.  S.  Reese,  at  Hempstead,  Tex., 
who.  with  one  son  (who  also  is  a  civil  engineer),  and  two  daughters, 
survives  him. 

Dean  Spence  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  October  1st,  1913. 


ERLE  LeROT  TEUVE.  M.  Am.  Soc.  C.  E. 


Died  March  25th,  1917. 


Erie  LeRoy  Veuve  was  bom  at  the  Military  Post,  at  Port  Townsend, 
Wash.,  on  January  21st,  1877.  His  early  education  was  received  at 
Post  Schools  in  many  different  parts  of  the  coimtry. 

In  1893  he  went  to  work  as  Chainman  for  the  Northern  Pacific 
Railway  Company  and  attained  the  position  of  Levelman.  In  the  fall 
of  1895,  he  entered  Troop  Polytechnic  Institute,  at  Pasadena,  Cal., 
with  the  intention  of  taking  up  the  profession  of  Civil  Engineering. 
In  1896  he  entered  the  Civil  Engineering  Department  of  Stanford 
University,  where  he  continued  his  studies  until  1900.  During  this 
time,  Mr.  Veuve's  summer  vacations  were  spent  in  engineering  work 
on  the  Northern  Pacific  and  Southern  Pacific  Railways,  and  for 
irrigation  companies  in  the  San  Joaquin  Valley,  California.  During 
a  part  of  1898  he  served  as  Chief  Yeoman  in  the  United  States  Navy. 

During  the  latter  part  of  1900  and  the  early  part  of  1901,  Mr.  Veuve 
had  charg6  of  a  number  of  short  pieces  of  work.  In  March,  1901, 
he  became  Engineer  in  charge,  for  the  United  Verde  and  Pacific  Rail- 
way Company  in  Arizona,  superintending  the  extensive  reconstruction 

*  Memoir  prepared  by  A.  M.  Strong,  Assoc.  M.  Am.  Soc.  C.  E. 
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on  that  road.  On  the  completion  of  this  work,  in  April,  1902,  he  was 
employed  as  Assistant  Chief  Engineer  of  the  Pacific  Electric  Railway 
Company,  in  Los  Angeles,  Cal.,  first  in  charge  of  location  and,  later, 
of  construction.  Mr.  Yeuve  handled  mnch  of  the  extensive  develop- 
ment work  required  in  the  construction  of  the  Company's  inter-urban 
system.  In  addition  to  the  railroad  lines,  this  work  covered  a  wide 
field  of  engineering  and  construction. 

In  1908,  further  extensions  of  the  Pacific  Electric  Railway  having 
been  discontinued,  Mr.  Veuve  resigned  and  went  into  private  practice 
as  Consulting  Engineer,  with  offices  in  Los  Angeles.  He  was  engaged 
in  this  practice  at  the  time  of  his  death,  which  occurred  very  suddenly 
and  unexpectedly  on  March  25th,  1917,  from  cardiac  asthma.  During 
the  last  two  years  of  his  life,  he  had  been  associated  with  the  writer, 
under  the  firm  name  of  Veuve  and  Strong.  As  a  Consulting  Engineer, 
Mr.  Veuve's  practice  covered  a  wide  field,  though,  in  the  main,  it 
was  connected  with  the  preliminary  investigations  of  electric  railway, 
hydro-electric,  and  irrigation  projects,  much  of  which  was  of  a  con- 
fidential character.  His  ability  in  this  field  was  well  knowai,  and  his 
loss  will  be  felt  by  an  exceptionally  large  circle  of  friends  and  business 
associates. 

On  October  27th,  1908,  Mr.  Veuve  was  married  to  Miss  Anna  M. 
Heim,  of  Santa  Rosa,  Cal.  He  is  survived  by  his  widow,  his  mother, 
a  son,  and  a  daughter. 

Mr.  Veuve  was  elected  a  Junior  of  the  American  Society  of  Civil 
Engineers  on  September  3d,  1901,  and  a  Member  on  February  2d,  1909. 
He  was  also  an  Associate  Member  of  the  American  Institute  of  Elec- 
trical Engineers,  a  member  of  the  Engineers  and  Architects  Associa- 
tion of  Southern  California,  and  of  the  Jonathan  Club,  of  Los 
Angeles,  Cal. 

GEORGE  GERE  MacCRACKEN,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  August  1st,  1913. 


George  Gere  MacCracken,  the  son  of  Henry  Mitchell  MacCracken 
(Chancellor  Emeritus  of  New  York  University),  and  Catherine  (Hub- 
bard) MacCracken,  and  a  grandson  of  the  Rev.  John  Steele 
MacCracken,  of  Ohio,  and  the  Rev.  Thomas  Swan  Hubbard,  of  Ver- 
mont, was  born  on  March  8th,  1878,  at  Toledo,  Ohio. 

He  was  educated  at  the  Lyons  Collegiate  Institute,  Broadway  and 
21st  Street,  New  York  City,  and,  in  1894,  entered  the  New  York 
University  School  of  Applied  Science,  from  which  he  was  graduated 
in  1898  with  the  degree  of  B.   S.,  receiving  the  degree  of  C.  E.,  in 

*  Memoir  prepared  by  George  H.  Pegram,  President,  Am.  Soc.  C.  B.,  and  Charles 
H.  Snow,  M.  Am.  Soc.  C.  E. 
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1  >'.)'.'.  lie  \v;is  Iiiiiiaii  Follow  lit  Ncw  York  University  during  the  col- 
Icjje  year  of  Ls9y-y9,  and  also  took  special  courses  in  electricity  at  the 
Colunihia  Tniversity  School  of  Mines.  In  1899,  he  was  awarded  the 
lloe  Sanitary  Engineering  Prize  for  the  best  work  in  sanitary  inves- 
tigation. 

In  1899,  Mr.  ^[acCracken  was  appointed  to  the  Engineering  Staff 
of  the  Manhattan  Kailway  Company.  He  remained  with  that  Com- 
pany until  1902,  when  he  became  Assistant  Engineer  of  the  Inter- 
borough  Eapid  Transit  Company,  holding  that  position  until  1908. 
His  principal  work  with  these  companies  was  the  supervision  of 
the  construction  of  the  Elevated  Railway  Terminal  Yards  at  159th 
Street  and  the  Harlem  Iliver  and  at  Third  Avenue  and  179th  Street. 
These  yards  cost  about  $500000  and  required  very  skillful  engineering. 

In  1908,  he  organized  the  Alboro  Contracting  Company,  of  which 
he  became  President,  and,  later,  the  MacCracken,  Hauer,  Terry  Com- 
pany, engaging  in  the  general  contracting  business. 

Mr.  MacCracken  was  of  large  and  commanding  presence  and  was 
]xissessed  of  a  genial  nature,  although  rather  exclusive  in  his  choice 
of  associates.  His  thorough  preparation  for  engineering  work,  coupled 
with  his  industrious  and  conscientious  nature,  gave  promise  of  sub- 
stantial accomplishment. 

He  lost  his  life  by  drowning  off  Glen  Cove,  Long  Island,  on  August 
1st,  1913,  having  been  stricken  by  heart  failure  after  the  exertion 
of  bringing  his  launch  through  a  severe  storm  on  Long  Island  Sound. 
He  was  buried  in  Sleepy  Hollow  Cemetery,  at  Tarrytown,  N.  Y. 

Mr.  MacCracken  was  married  on  April  29th,  1907,  to  Martha  J. 
Hall,  the  daughter  of  the  late  John  H.  Hall,  who,  with  one  son, 
Williston  Ward  MacCracken,  born  in  1910,  survives  him. 

During  his  college  course,  Mr.  MacCracken  was  a  member  of  the 
Psi  Upsilon  Fraternity,  the  Red  Dragon  Senior  Society,  and  the 
Chemical  Society,  and  was  President  of  the  Engineering  Society. 
Later,  he  was  a  Trustee  of  the  American  Savings  Bank  of  New  York, 
and  a  member  of  the  Railroad  Club  and  the  Psi  Upsilon  Club. 

Mr.  MacCracken  was  elected  a  Junior  of  the  American  Society 
of  Civil  Engineers  on  February  5th,  1901,  and  an  Associate  Member 
on  February  3d,  1904. 

WILLIAM  STUART  SMITH,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  November  5tii,  1916. 


William   vStuart   Smith  was  born   in   Troy,   N.  Y.,   on  April   15th, 
1856.     He  was  the  eldest  of.  three  children,  and  was  descended  on 
both   sides  from  Revolutionary  ancestors.     His  grandfather.   Captain 
•Memoir  prepared  by  John  F.  Skinner,  M.  Am.  Soc.  C.  E. 
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Levi  Smith,  was  a  contemporary  of  Commodore  Vanderbilt  in  the 
steamboat  business,  and  his  father,  William  Stuart  Smith,  was  long 
connected  with  the  New  York  Central  Railroad.  His  mother  was 
Delia  Marble  Newton,  of  Bennington,  Vt. 

He  was  educated  at  private  schools  and  the  College  of  Montreal, 
and  after  removing  with  his  parents  to  Rochester,  N.  Y.,  in  his  seven- 
teenth year,  he  attended  the  school  of  Professor  George  Hale. 

Mr.  Smith's  first  engineering  work  was  with  a  field  party  during 
the  four-tracking  of  the  New  York  Central  Railroad.  On  June  1st, 
1876,  he  entered  the  office  of  the  City  Surveyor,  of  Rochester,  and, 
in  1883,  he  was  made  First  Assistant. 

In  1886,  he  entered  the  employ  of  the  Warren- Scharf  Asphalt 
Paving  Company,  which,  in  1900,  became  The  Warren  Brothers  Com- 
pany, of  Boston,  Mass.  Mr.  Smith  was  also  District  Manager  of  The 
Warren  Chemical  Company,  of  New  York  City,  and  carried  on  a 
large  roofing  business.  In  1914,  he  purchased  the  Western  New  York 
rights  of  The  Warren  Chemical  Company,  and  conducted  the  business 
under  the  name  of  The  W.  Stuart  Smith  Company.  He  continued 
his  connection  with  The  Warren  Brothers  Company,  and,  at  the  time 
of  his  death,  was  a  Director  and  Vice-President  of  that  Company. 
Mr.  Smith  was  frequently  consulted  and  generally  recognized  as  an 
expert  in  paving  and  roofing. 

About  fifteen  years  ago  he  was  interested  in  a  plantation  operated 
by  The  Indian  River  Pineapple  Company. 

Mr.  Smith  was  a  man  of  fine  address  and  had  a  lovable  personality. 
He  had  hosts  of  friends  whom  he  entertained  at  his  summer  home, 
Sunny  Side,  at  Pultneyville,  N.  Y.,  on  Lake  Ontario.  He  was  a  lover  of 
fine  horses,  and  maintained  a  dashing  span  long  after  the  automobile 
had  come  into  vogue. 

He  was  a  member  of  many  professional,  social,  patriotic,  and 
athletic  organizations,  a  Thirty-second  Degree  Mason,  and  a  communi- 
cant of  Christ  (Episcopal)  Church,  of  Rochester,  N.  Y. 

On  September  4th,  1879,  he  was  married  to  Minnie  Pomeroy 
Sackett,  of  Rochester,  who  survives  him.  He  is  also  survived  by  two 
brothers,  Charles  S.  Smith,  of  Connecticut,  and  Frederic  Levi  Smith, 
of  Rochester,  two  sons.  Captain  Lawrence  N.  and  Donald  Stuart  Smith, 
two  daughters,  Mrs.  Marion  Elizabeth  Stafford,  and  Mrs.  Carol  Content 
Gard,  and  four  grandchildren. 

Mr.  Smith  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  January  8th,  1902. 
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The  House  of  the   Society   is   open   from   9   A.    m.   to   lO   P.   m.    every  day,    except 
Sundays,  Fourth  of  July,  Thanksgiving  Day,  and  Christmas  Day. 

House  of  the  Society — 220  West  Fifty-seventh  Street,  New  York. 

Telephone    Number 1446    Circle. 

Cable  Address "Ceas,   New  York." 
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MINUTES  OF  MEETINGS 
OF   THE    SOCIETY 


September  19th,  1917.— The  meeting  was  called  to  order  at  8.30 
p.  M.;  Director  Alfred  D.  Flinn  in  the  chair;  Chas.  Warren  Hunt, 
Secretary;  and  present,  also,  98  members  and  7  guests. 

A  paper  by  Eay  W.  Berdeau,  Jun.  Am.  Soc.  C.  E.,  entitled  "The 
Three  15-Cnbic  Yard  Dipper-Dredges,  Gamhoa,  Paraiso,  and  Cas- 
cadas,  as  Supplied  and  Used  on  the  Panama  Canal,"  was  presented 
by  the  Secretary.  The  subject  was  discussed  by  Messrs.  W.  M. 
llosewater  and  C.  E.  Fowler. 
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The  Secretary  announced  tlie  election  of  the  following  candidates, 
on  Septemher  11th,  1917: 

As  Members 

Frederick  William  Allan,  Buffalo,  'N.  Y. 

Anthony  Francis  Bannon,  Jr.,  Bradford,  Pa. 

Chester  de  Baun  Christie,  Duluth,  Minn. 

Charles  Calhoun  Cragin,  San  Francisco,  Cal. 

Cornelius  Mark  Daily,  St.  Louis,  Mo. 

William  Worrell  Drummond,  Fort  11.  G.  Wrig^ht,  K.  Y. 

Joseph  Burton  Gemberling,  Philadelphia,  Pa. 

William  Everett  Hawley,  Duluth,  Minn. 

Arthur  Gunderson  Hayden,  Albany,  N.  Y. 

Charles  Emil  Kauffmann,  Atlanta,  Ga. 

N'ewton  Mansfield,  Pittsburgh,  Pa. 

Charles  Ward  Mullen,  Bangor,  Me. 

Seth  Perkins,  St.  Augustine,  Fla. 

Herbert  James  Bingham  Powell,  New  York  City 

Theodore  Charles  Egberts,  New  York  City 

James  Wallace  Shikles,  Chicago,  111. 

Walter  Sutton  Syrett,  Chicago,  111. 

As  Associate  Members 
Edwin  Theodore  Asplundii,  Bryn  Athyn,  Pa. 
Charles  Egbert  Barker,  Auburndale,  Mass. 
George  Egckwell  Bascgm,  Madison,  Wis. 
Charles  Alton  Baughman,  Ames,  Iowa 
Paul  Bayliss,  Jefferson  City,  Mo. 
Egbert  Stanley  Beard,  Kansas  City,  Mo. 
Eduardo  Beaven,  City  of  Mexico,  Mexico 
TuLLA  Ethan  Bliss,  Memphis,  Tenn. 
Emmet  Chandler  Blosser,  Columbus,  Ohio 
Herman  William  Bluhm,  Eichmond  Hill,  N.  Y. 
Charles  Warren  Breed,  Western  Springs,  111. 
Dudley  Chipley.  Columbus,  Ga. 
LoTHRGP  Crosby,  Eichfield,  Idaho 
Nelson  Cunliff,  St.  Louis,  Mo. 
Brinton  Brgwn  DeWitt,  Parlin,  N.  J. 
Ernest  Drinkwater,  St.  Lambert,  Que.,  Canada 
Latta  Yanderign  Edwards,  Pullman,  Wash. 
John  Walter  Fairlie,  New  Orleans,  La. 
Guy  Cephas  Finley,  Naches,  Wash. 
Joseph  Hamilton  Fleming,  Columbus,  Ohio 
Cecil  Alfred  Fgrter,  Topeka,  Kans. 
Myron  Elmer  Fuller,  Philadelphia,  Pa. 
Norman  Will  Fink,  Kansas  City,  Mo. 
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Raoul  Charles  Rodolphr  Gattier,  Xow  Ym-k  City 

Nelson  Barnes  HrNX,  Olynipia,  Wasli. 

Alva  Cuy  Husted,  Cleveland,  Ohio 

John  Lansdale,  Los  Angeles,  Cal. 

James  Albro  Lawrie,  Duluth.  Minn. 

Kenneth  King  MacKenzie,  Chioac:o,  111. 

Francis   Regis   McDonnell,   Charlestown,    Mass. 

Fkf.dkkic  Berkby  McKinnell,  Carrollton,  Mo. 

Franklin    R.    !N[cMillan,    ^Minneapolis,    Minn. 

Robert  ^Iarsh,  Jr.,  Champaign,  111. 

Cn.'\RLEs  Ci'LBERTsoN  May,   Seattle,  Wash. 

John  Willlvm  Moffett,  New  Haven,  Conn. 

Edward  Francis  Morey,  Dallas,  Tex. 

Jerome  Aaron  Moss,  Chicago,  111. 

Russell  Al(;er  Murdoch,  Detroit,  Midi. 

Archibald   Whitfield   Nance,    Pittsburgh.    Pa. 

John  Evi':red  Norton,  San  Francisco,  Cal. 

Allen  Thatcher  Paine,  Oneonta,  N.  Y. 

David  Harlan  Plank,  Chicago,  111. 

Thomas  Francis  Quinn,  New  Orleans,  La. 

Herbert  Dwight  Raymond,  Americus,  Ga. 

Bird  LeGrand  Rees,  New  York  City 

Raymond  Victor  Rosenbaum,  Martinsburg,  W.  Va. 

Jacob  Peter  Sartz,  Shanghai,  China. 

Herbert  Moore  Sharp,  Columbus,  Ohio 

Harry  Woodworth  Shimer,  San  Francisco,  Cal. 

Walter  Grover  Smith,  Columbus,  Ohio. 

Hugh  Max  Spr.\gue,  Great  Falls,  Mont. 

Mark  ley   Stevenson,  Rochester,  N.  Y. 

John  William  Stranky,  Midland,  Pa. 

RuFus  Carroll  Thaxton,  Austin,  Tex. 

Joshua  Holmes  Yogel,  Hanover,  Ohio 

Wendell  Douglas  Volk,  Washington,  D.  C. 

Edward  Ewing  Wallace,  San  Luis  ObisiK),  Cal. 

John  Cloyd  Wallace,  Chicago,  111. 

Anthony  William  Wand,  Albuquerque,  N.  Mex. 

Earle  Lytton  Waterman,  Lansing,  Mich. 

Peter  Weiner,  New  York  City 

Alexander  Dennis  W^illiams,  Morgantown,  W.  Ya. 

Howard  Stephen  Williams,  Atlantic,  Iowa 

As  Associate 
Robert  Alexander  Chiqueno  Smith,  New  York  City 
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As  Juniors 
Leo  Murry  Arms,  Kansas  City,  Mo. 
Peter  DeMarcus  Burks,  Jr.,  Atlanta,  Ga. 
Alan  Gordon  Cherry,  Washington,  D.  C. 
Justus  Gilbert  Chesley,  Los  Angeles,  Cal. 
EoBERT  DuFFUS  Clancy,  Dallas,  Tex. 
EoBERT  Augustus  Cumsiings,  Jr.,  Pittsburgh,  Pa. 
Charles  Dwight  Curtiss,  Anderson,  S.  C. 
Eugene  Weldon  Fickes,  Lancaster,  Pa. 
Clarence  Malcolm  Fuller,  Chicago,  111. 
Frank  Berry  Garrett,  Dallas,  Tex. 
Joseph  Eicker  Guptill,  Oakland,  Cal. 
Lewis  Adams  Holborn,  Hamlet,  N.  C. 
Eichard  Lewis  Hyde,  New  York  City 
Nathan  Bernd  Jacobs,  Pittsburgh,  Pa. 
Gerald  Marcy  Keith,  Portland,  Me. 
Kenneth  Winans  LeFever,  Little  Eock,  Ark. 
David  Arthur  McClung,  San  Diego,  Cal. 
Alfred  Gardner  Eanney,  San  Antonio,  Tex. 
Frederick  Harrison  Weed,  New  York  City 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on  September  11th,  1917: 

From  Associate  Member  to  Member 
Western  Eadford  Bascome,  New  York  City 
Lester  Van  Noy  Branch,  Sherburne,  Mont. 
William  Henry  Connell,  Philadelphia,  Pa. 
Herman  Francois  Doeleman,  Baltimore,  Md. 
James  Nickerson  Gladding,  El  Paso,  Tex. 
William  Joseph  Gough,  San  Diego,  Cal. 
Andrew  Pearson  Hoover,  New  York  City 
Wesley  Winans  Horner,  St.  Louis,  Mo. 
Shaler  Charles  Houser,  University,  Ala. 
William  Nelson  Jones,  Minneapolis,  Minn. 
Dwight  B.  La  Du,  Albany,  N.  Y. 
Eichard  John  Lookwood,  Port  St.  Joe,  Fla. 
James  Leonard  Lytel,  Provo,  LTtah 
Harry  Deyoe  McGlashan,   San  Francisco,  Cal. 
Lewis  M.  Martin,  Atlantic,  Iowa 
EoBERT  Hall  Merrill,  Albany,  N.  Y. 
Charles  Henry  Pierce,  Boston,  Mass. 
Frederick  Horace  Tibbetts,   San  Francisco,  Cal. 
Perry  Topping,  St.  Louis,  Mo. 
David  Crooker  Trott,  Kalispell,  Mont. 
Nathaniel  Parker  Turner,  Marshall,  Tex. 


October,  1917.]  MINUTES   OF   MEETINGS  583 

From  Associate  to  Associate  Member 
IvO(;er  Lkroy  Moruisox,  College  Station,  Tex. 

From  Junior  to  Associate  Member 

John  Wolfraai  Berkeeeld,  Piedmont,  Cal. 

Geoffrey  Arthur  Caffall,  Brooklyn,  N.  Y. 

Herbert  Greisr  Croll,  Crafton,  Pa. 

Leslie  Carl  Frank,  Washington,  D.  C. 

William  Charles  Giffels,  Jackson,  Mich. 

John  Christopher  IIaskins,  Chicago,  111. 

Ray  Webb  McMullen,  New  York  City. 

Frank  Alwyn  Marston,  Wollaston,  Mass. 

Caesar  Massei,  Roanoke,  Va. 

Stanley  Wallace  Moore,   Springfield,  Mass. 

Alvin  Rush  Murphy,  New  York  City 

Russell  Moore  Robinson,  Hudson,  N.  Y. 

William  Edward  Rudolph,  Brooklyn,  N.  Y, 

Homer  J.  Sharp,  Los  Angeles,  Cal. 

Earl  Audie  Smith,  Pilcher,  Ky. 

Alfred  Kenneth  Starkweather,  Passaic,  N.  J. 

Roy  Stanley  Swinton,  Ann  Arbor,  Mich. 

Harry  Tidd,  Hutchinson,  Kans. 

Edward  Mayo  Tolman,  Charleston,  W.  Va. 

Adjourned. 

October  3d,  1917.— The  meeting  was  called  to  order  at  8.30  p.  m.; 
Director  Alfred  D.  Flinn  in  the  chair;  Chas.  Warren  Hunt,  Secretary; 
and  present,  also,  132  members  and  13  guests. 

The  minutes  of  the  meeting  of  September  5th,  1917,  were  approved 
as  printed  in  Proceedings  for  September,  1917. 

A  paper  by  William  Barclay  Parsons,  M.  Am.  Soc.  C.  E.,  entitled 
"The  Cape  Cod  Canal,"  was  presented  by  Walter  J.  Douglas,  M.  Am. 
Soc.  C.  E.,  and  illustrated  with  lantern  slides.  The  paper  was  dis- 
cussed by  Messrs.  Clemens  Herschel  and  T.  Kennard  Thomson. 

The  Secretary  announced  the  death  of  Richard  Edward  Speakman, 
of  Brandon,  Manitoba,  Canada,  elected  Member,  January  4th,  1910; 
died  January  13th,  1917. 

Adjourned. 
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Discussion  on  Relations  of  Local  Associations  to  the  Parent  Society,  to 
Other  Engineering  Organizations,  and  Engineers,  and  to  the  Public 

The  reix»rt  of  the  Committee,  appointed  by  the  Board  of  Direction, 
on  the  Relations  of  Local  Associations  of  the  American  Society  of  Civil 
Enj^ineers  to  that  Society,  to  Other  Engineering  Organizations,  and 
Engineers,  and  to  the  Public,  was  published  in  Proceedings  for  May, 
1917,  pages  327-330. 

On  May  23d,  1917,  the  Secretary  addressed  the  following  letter  to 
each  of  the  Local  Associations : 

"I  call  your  attention  to  a  Report  of  a  Committee  to  the  Board  of 
Direction  on  the  Relations  of  Local  Associations  of  the  American 
Society  of  Civil  Engineers  to  that  Society,  to  other  Engineering  Organ- 
izations, and  Engineers,  and  to  the  Public,  and  suggest  that  this  whole 
matter  be  taken  up  for  discussion  by  your  local  Association,  and  that 
the  resulting  discussion  be  published  in  Proceedings." 

Reports  or  discussions  relative  to  this  matter  have  been  received 
from  the  Baltimore,  Cleveland,  Seattle,  and  Colorado  Associations,  and 
are  here  published  for  the  information  of  the  membership. 

Report  from  the  Baltimore  Association 

The  following  report  was  adopted  at  the  meeting  of  the  Baltimore 
Association  on  May  2d,  1917 : 

"May  2d,  1917. 
"To  the  Baltimore  Association  of  Members, 
American  Society  of  Civil  Engineers. 

"Gentlemen: — The  undersigned  committee,  appointed  by  President 
Bush  at  the  meeting  of  March  21st,  1917,  to  consider  the  question  of 
the  relation  of  local  associations  to  the  American  Society  of  Civil 
Engineers,  begs  to  report  as  follows : 

"We  reconnnend  that  in  considering  this  question,  the  committee 
raised  in  January  by  the  Board  of  Direction  of  the  Society  take  action 
with  regard  to  this  question  along  the  following  lines : 

"1. — That  the  formation  of  active  local  associations  be  encouraged 
and  fostered  by  the  Society.  It  is  suggested  that  the  natural  lines 
along  which  such  subdivisions  of  the  general  body  of  the  membership 
of  the  Society  could  be  made  are  those  of  the  thirteen  geographical 
districts  into  which  North  America  is  divided  by  the  Constitution  of 
the  Society ;  this  would  not  mean  necessarily  that  there  would  be  but 
one  local  association  in  each  geographical  district,  but  that  such  local 
organizations  as  might  be  formed  in  different  parts  of  one  district 
should  have  a  more  or  less  definite  relationship  with  the  district  lines 
as  a  basis. 

"2. — That  the  ordinary  expenses  of  carrying  on  the  business  of 
local  associations  should  be  paid  from  the  annual  dues  of  members 
to  the  treasury  of  the  Society.     In  this  way,  members  at  a  distance 
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from  Now  York,  who  get  very  little  return  for  thoir  dues,  except  receiv- 
ing the  publications  of  the  Society,  would  be  able  to  feel  that  some 
part,  at  least,  of  the  money  paid  into  New  York  was  iised  for  their 
direct  benefit.  It  would  result,  also,  in  practically  every  member  of 
the  Society  in  any  district  taking  an  active  interest  in  the  affairs  of 
the  local  association  of  that  district. 

"3. — That  affiliation  and  co-0])cration  witli  the  local  associations  of 
other  engineering  and  technical  societies  should  be  encouraged. 

"4. — That  a  definite  policy  should  be  formulated,  if  possible,  regard- 
ing the  ]iarticipation  of  local  associations  in  matters  of  civic  improve- 
ment and  other  public  activities  in  their  respective  districts.  It  is 
suggested,  further,  that  co-operation  with  other  local  associations  in 
this  regard  would  be  particularly  helpful  and  effective. 

"5. — That  a  definite  policy  should  be  formulated  by  the  Society  by 
which  most  of  the  questions  relating  to  the  election  of  officers  from 
the  separate  districts  be  left  in  the  hands  of  the  membership  of  these 
districts,  instead  o:f  being  decided,  as  at  present,  at  the  Annual  Meeting 
in  New  York. 

"Yo\ir  Committee  would  respectfully  recommend,  further,  that  a 
copy  of  this  report  be  sent  to  Secretary  Hunt,  with  the  request  that 
it  be  brought  to  the  attention  of  the  Board  of  Direction  of  the  Society, 
in  answer  to  his  letter  of  February  2d,  1917,  in  which  he  calls  the 
attention  of  this  association  to  the  appointment  of  the  committee  con- 
sisting of  Messrs.  Bontecou,  McDonald,  and  Jonah. 
"Respectfully  submitted, 

"Wm.  D.  Jannev, 

C.   J.  TiLDEN, 

W.  Watters  Pagon, 

Committee." 

From  the  Cleveland  Association 

The  following  discussions  are  by  members  of  the  Cleveland  Asso- 
ciation: 

"New  Members. — This  i)aragrai)h,  if  literally  construed,  would  bar 
an  Association  from  taking  the  initiative  in  reporting  upon  a  candidate 
for  admission.  The  Conmiittee  could  hardly  have  intended  such  a 
prohibition.  On  the  first  page  of  the  Preliminary  Notice  of  Appli- 
cations are  several  paragraphs  indicating  to  members  their  duty  to 
submit  such  reports  and  the  dependence  of  the  Board  upon  such  com- 
munications. The  paragraph  in  question  should  be  re-worded  to  remove 
this  apparent  restriction  and  to  conform  to  the  present  expressed 
practice  of  the  Society. 

"Local  Societies. — It  is  very  gratifying  to  note  the  attitude  of  the 
Committee  as  indicated  in  this  paragraph.  The  Local  Associations  are 
the  ones  which  most  affect  the  every-day  life  of  every  man  and  may 
have  the  most  important  influences  iipon  his  career.  If  engineers  are 
to  retain  that  influence  upon  public  affairs  to  which  their  'position 
entitles  them,  it  is  necessary  that  they  should  first  co-operate  with 
engineers  in  all  branches  of  the  profession.  The  best  means  of  such 
co-operation  is  through  the  activities  of  a  strong  local  society.  The 
form   of  organization  and  character  of  membersliip  of  such  societies 
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will  diifer  with  varying  local  conditions.  It  seems  wise  to-  allow  the 
largest  degree  of  independence,  and  not  to  attempt  to  conform  all 
local  societies  to  a  single  pattern,  nor  to  dictate  the  character  or  quali- 
fications of  membership. 

"The  recent  movements  towards  co-operation  and  unity  of  action 
among  the  National  Societies  is  suggestive  and  hopeful.  It  seems 
probable  that  there  will  always  be  a  segregation  of  engineers  along 
professional  lines.  This  segregation  should  be  national  for  consistent 
results,  and  all  segregation  along  other  lines  should  be  discouraged. 
It  is,  perhaps,  too  soon  to  launch  a  definite  programme  looking  to  the 
centralization  of  all  engineering  societies  in  a  single  representative 
body,  and  the  consummation  of  such  an  object  is,  perhaps,  not  possible. 
However,  the  recent  growth  in  numbers  and  membership  of  local  soci- 
eties and  the  evident  desire  for  local  and  national  co-operation  and  for 
a  larger  sphere  of  influence  for  engineers  in  public  affairs,  indicate 
that  it  is  time  to  give  careful  thought  to  the  questions  and  relations 
involved.  The  report  of  the  committee  in  consideration  is  a  timely 
and  well-considered  contribution  to  this  subject.  As  a  further  sug- 
gestion towards  constructive  work,  would  it  not  be  feasible  to  require 
as  a  prerequisite  to  admission  to  one  of  the  national  segregated  societies 
that  the  candidate  should  hold  membership  in  the  appropriate  local 
society?  Such  a  requirement  would  form  a  close  bond  of  mutual 
interest  and  support  between  the  local  and  national  societies  and  almost 
knit  all  engineers  into  a  nation-wide  fellowship. 

"Geo.  H.  Tinker." 
"Mr.  Geo.  H.  Tinker,  Secy., 

Local  Section  of  Am.  Soc.  C.  E., 
Cleveland,  Ohio. 

Dear  Sir. — Responding  to  your  request  for  comments  on  the  report 
of  the  Committee  on  the  Relation  of  Local  Sections  to  the  American 
Society,  I  would  suggest  that  possibly  the  intent  of  the  committee 
would  be  expressed  more  clearly  in  the  third  proposed  By-Law  on 
page  "328  of  the  May  Proceedings,  Volume  53,  No.  5,  if  it  were  made 
to  read  thus :  'The  Constitution  may  only  be  amended  by  the  affirmative 
(or  majority)  vote  of  two-thirds  of  the  qualified  members  and  the 
approval  of  the  amendment  by  the  Board  of  Direction,'  the  important 
changes  being  the  addition  of  the  words,  'affirmative  (or  majority),'  and 
the  elimination  of  the  word,  'first'.  It  does  not  appear  to  be  necessary 
that  the  approval  of  the  Board  of  Direction  should  be  given  before 
taking  the  vote. 

"In  the  fourth  By-Law,  referring  to  the  presentation  and  discus- 
sion of  professional  papers,  the  present  wording  will  bar  the  presenta- 
tion of  papers  by  others  than  members  of  the  American  Society.  It 
is  the  practice  of  the  Society  to  receive  papers  from  persons  not 
members,  and  no  reason  is  submitted  why  this  practice  should  be 
barred  to  local  sections. 

"Concerning  new  members,  it  is  stated  that  local  sections  should 
investigate  the  qualifications  of  candidates  for  admission  'about  whom 
the  Board  of  Direction  desires  information  and  make  an  official  report 
at  the  request  of  the  Secretary  of  the  Society.'  It  is  pertinent  to  inquire 
whether  it  would  be  appropriate  for  the  Local  Section  to  investigate 
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the  qunliHcations  of  candidates  for  admission  without  the  request  of 
the  Board  of  Direction  and  to  report  thereon  wnthout  the  request  of 
the  Secretary  of  the  Society. 

"This  report  is  the  first  effort  coming  to  my  attention  in  which  the 
American  Society  has  indicated  an  interest  in  the  affairs  of  the  Pro- 
fession generally  and  outside  of  the  Society.  It  was  the  ambition  of 
the  earlier  memters  that  the  Ameri(!an  Society  should  be  comprehen- 
sive in  its  membership  and  policies  and  serve  the  interests  of  the  whole 
profession. 

"With  the  rapid  development  of  engineering  and  the  differentiations 
in  practice,  there  have  grown  up  interests  of  such  importance  that 
other  societies  of  great  strength  and  influence  now  compete  with  our 
own.  The  result  is  that  the  American  Society  of  Civil  Engineers 
can  in  no  way  pretend  to  speak  for  the  whole  profession,  but  there  is 
great  need  for  an  organization  which  shall  have  this  power.  It  is 
idle  to  think  of  whipping  all  engineers  into  the  Society  or  saying  that 
members  of  the  profession  outside  of  the  Society  shall  have  no  voice 
in  engineering  matters  and  policies  of  political  or  national  character. 
In  striving  for  the  benefits  belonging  to  a  democracy,  individual  engi- 
neers and  small  groups  of  engineers  will  demand  consideration  of  their 
interests  just  as  citizens  do  in  matters  affecting  their  citizenship. 

"The  needs  of  the  Profession  in  this  respect  will  not  be  met  until 
there  shall  come  into  being  a  national  organization  to  which  any  group 
of  engineers  can  look  hopefully  for  assistance  in  its  own  particular 
needs.  An  unlimited  diversity  of  procedure  in  dealing  with  legis- 
lation, ethics,  and  public  affairs  in  the  different  states  and  cities  is 
chaotic  and  harmful  and  defers  the  time  when  the  Profession  can 
enjoy  the  advantages  of  being  a  single,  compact,  and  orderly  unit  in 
the  national  commonwealth. 

"It  is  only  by  the  attainment  and  maintenance  of  such  a  position 
that  we  may  hope  to  thrive  sucessfully  and  hold  the  place  to  which 
we  aspire  in  relation  to  other  professions  and  organized  groups  of 
citizens.  The  best  efforts  of  our  most  thoughtful  leaders  should  be 
concentrated  on  this  problem,  and  we  should  be  assured  that,  as  with 
other  problems  of  this  class,  it  must  be  solved  either  in  a  well- 
planned  and  efficient  manner  or  in  the  slow,  tedious,  and  painful  process 
of  gradual  development.  It  is  within  our  power  to  make  a  choice, 
and  it  is  to  be  hoped  that  those  who  are  in  a  position  to  act  will  choose 
wisely. 

"Yours  truly, 

"A.  J.  HiMES." 

From  the  Seattle  Association 

The  following  report  was  adopted  by  the  Seattle  Association  at  its 
meeting  of  August  27th,  1917: 

"The  report  of  Messrs.  Bontecou,  ]\[cDonald  and  Jonah  contemplates 
an  increase  in  the  number  of  Local  Associations,  an  extension  of  their 
functions,  and  suggests  that  the  name  be  changed  to  Local  Sections. 

"The  Seattle  Association  heartily  endorses  the  spirit  of  the  report 
and  the  greater  part  of  the  wording  as  far  as  it  goes,  but  it  feels  that 
sufficient  responsibility  has  not  been  delegated  to  the  Local  Sections 
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to  carry  out  one  of  the  main  jwints  the  Committee  has  in  view,  that 
of  making  the  Society  truly  iSTational  in  character  and  in  influence. 

"As  a  means  of  securing  this,  it  suggests  that: 

"First. — One  or  more  delegates  from  each  local  section  be  sent  to 
the  Annual  Meeting,  with  exjienses  paid  by  the  Society,  and  that  definite 
responsibility  in  the  conduct  of  the  business  of  the  Society  be  imposed 
upon  these  delegates. 

"Second. — All  applications  for  membership  be  considered  by  the 
Local  Section  having  jurisdiction  before  being  acted  upon  by  the 
Board  of  Direction. 

"Third. — Professional  papers  be  first  presented  to  a  local  section 
except  those  that  may  be  selected  for  annual  meetings  or  conventions. 

"FourtJi.- — A  suflicient  proportion  of  the  annual  dues  be  remitted 
to  the  sections  to  care  for  the  necessary  expenses. 

"In  order  to  carry  out  these  provisions,  it  would  apparently  be 
necessary  to  install  one  or  more  (preferably  several)  Local  Sections 
within  the  boundaries  of  District  No.  1.  This  would  imply  that  the 
relations  of  the  Local  Sections  in  District  No.  1  to  the  headquarters' 
office  would  be  practically  the  same  as  in  other  districts,  and  that  the 
dues  to  the  Parent  Society  should  be  uniform  in  all  Districts.  It  is 
therefore  suggested  further  that: 

"Fifth. — The  work  of  the  headquarters'  office  be  developed  along  the 
line  of  general  administration  including  the  appointment  and  direction 
of  standing  committees,  issuing  the  publications  and  arranging  for 
annual  meetings  and  conventions,  with  the  added  responsibility  of 
extending  the  influence  of  the  Society  through  Local  Sections. 

"Sixth. — Local  Sections  shall  consist  of  not  less  than  twenty-fire 
(25)  nor  more  than  five  hundred  (500)  members  of  all  grades. 

"August  27,  1917." 

The  following  letter  supplements  the  report  adopted  by  the  Seattle 
Association : 

Seattle,  Wash.,  Sept.  17,  1917. 
"Mr.  Chas.  Warren  Hunt, 
Sec'y,  Am.  Soc.  C.  E., 

220  West  57th  St.,  New  York. 

"Dear  Sir. — Under  date  of  May  23,  you  suggested  that  the  Local 
Associations  take  up  for  discussion  the  Bontecou  Report  on  the  Rela- 
tions of  Local  Associations  to  the  Parent  Society,  which  appeared  in 
the  Procecdhigs  for  May,  1917.  In  the  several  meetings  which  the 
Seattle  Association  has  held  since  then  it  has  given  this  matter  con- 
sideration, the  results  of  which  are  embodied  in  a  brief  committee  re- 
port, prepared  by  Messrs.  A.  H.  Fuller,  E.  B.  Hussey,  A.  S.  Downey, 
and  P.  A.  Franklin,  copy  of  which  is  herewith  enclosed.  The  President 
was  instructed  to  supplement  the  committee  report  with  such  general  re- 
marks upon  its  subject  matter  as  seemed  to  him  desirable,  and  in  for- 
warding this  material  it  is  hoped  that  it  will  receive  publication  in  the 
Proceedings,  as  suggested  in  your  letter,  to  facilitate  and  encourage 
an  exchange  of  views  and  opinions  of  the  various  Local  Associations 
upon  this  important  matter. 
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"In  respect  of  the  first  suf::fj:ostic)n  of  the  Committee  roiwrt,  we 
believe  that  an  organization  with  T  000  corporate  members  has  outgrown 
its  swaddlinj;-  clothes  and  tliat  the  voluntary  assembly  or  town-meeting 
form  of 'Business  fleeting',  as  now  provided  by  the  Constitution,  should 
be  superseded  by  something  less  archaic  and  more  adapted  to  the  present 
needs  of  the  Society.  We  believe  that  a  delegated  organization,  with 
delegate  expenses  borne  by  the  Society,  is  the  proper  successor  of  the 
present  system,  and  that  the  Locals  afford  the  best  basis  for  delegate 
representation.  Such  an  arrangement  would  insure  a  proper  geographic 
distribution  of  rei)resentation  at  the  Business  Meetings,  would  stimu- 
late a  wider  interest  in  Society  affairs  and  the  more  serious  considera- 
tion of  important  matters  that  may  come  up  or  that  might  be  entrusted 
to  such  meetings,  and  it  would,  moreover,  keep  the  Society  in  closer  and 
more  constant  touch  with  the  membership  at  large.  This  implies  a 
radical  recasting  of  Article  VllI  of  the  Constitution  and  with  that 
recasting,  among  other  details,  should  be  considered  whether  or  not  the 
'Business  Meetings'  of  the  delegate  organization  should  not  be  limited 
to  one  a  year,  the  minimum  and  maxinuim  number  of  delegates  to  be 
allowed  each  Local  and  to  what  extent  and  how  representation  shall  be 
based  upon  the  numerical  membership  of  the  Local. 

''In  respect  of  the  fourth  suggestion  of  the  committee  report,  we 
believe  that,  in  order  to  encourage  greater  activity  in  the  Locals,  there 
should  be  remitted  back  to  them  a  portion  of  the  annual  dues  paid  to 
the  Parent  Society.  This  is  the  practice  of  the  American  Institute  of 
Electrical  Engineers,  the  American  Society  of  Mechanical  Engineers 
and  the  American  Institute  of  Mining  Engineers,  and  it  is  our  advice 
that  it  has  proven  an  advantageous  and  highly  satisfactory  arrangement 
for  all  concerned.  It  would  seem  then  that  our  Society  should  adopt  a 
similar  course,  and  the  amount  of  dues  to  be  remitted,  in  the  opinion 
of  this  Association,  should  be  sufficient  to  meet  the  ordinary  expenses 
of  the  Local,  say  20%  of  the  annual  dues  paid  to  the  Parent  Society. 

"The  hope  and  inspiration  of  the  proposals  herein  made  is  to 
strengthen  the  local  associations  and  to  see  them  become  the  active, 
energizing  units  of  the  Society.  We  believe  that  they  can  thus  be  made 
the  means  of  healthily  expanding  the  membership  and  usefulness  of 
the  Society  and,  among  other  things,  of  making  it  more  capable  of 
serving  the  jjublic  interest  as  well  as  the  immediate  interest  of  its  mem- 
bership. The  scheme  implies  the  compulsory  organization  of  locals, 
all  members  resident  within  the  boundaries  of  any  Local,  as  established 
by  the  Society,  becoming  members  of  that  Local  automatically,  and  the 
remission  of  dues  could  be  on  the  basis  of  that  membership.  District 
Xo.  1,  as  well  as  other  Districts,  would  thus  have  several  Locals  and 
the  relationship  of  all  Locals  to  the  Parent  Society  would  be  identical, 
with  identical  membership  dues,  etc.  It  would  remove  the  undesired 
distinction  between  Resident  and  Non-Resident  members,  with  their 
inequality  in  dues,  as  now  provided  in  Articles  111  and  IV  of  the  Con- 
stitution, and  provision  could  be  made  that,  to  the  extent  that  the 
Society  headquarters  were  given  over  to  the  use  of  District  No.  1  Locals, 
a  rental  charge  would  be  made  therefor. 

''We  believe  it  is  none  too  early  for  the  Society  to  adopt  some  such 
line  of  action  as  herein  indicated  and  that,  in  any  event,  the  time  has 
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arrived  for  a  careful  consideration  of  the  matter  by  the  Board  of  Di- 
rectors and  by  the  Locals  already  organized. 

"Very  respectfully, 
"Joseph  Jacobs, 

"President,  Seattle  Association 
of  Members,  Am.  Soc.  C.  E." 

Report  of  Discussion  by  the  Colorado  Association 

The  following  discussion  took  place  at  the  meeting  of  the  Colorado 
Association  on  June  9th,  1917: 

Chairman  Jaycox. — The  Secretary  will  please  read  the  communica- 
tion from  the  Secretary  of  the  Society. 

(The  Secretary  read  the  letter  from  the  Secretary  of  the  Society.) 

Secretary  Hinman. — This  matter  is  up  for  discussion  at  the  request 
of  the  Secretary  of  the  Parent  Society. 

Chairman  Jaycox. — I  suggest  that  you  read  an  abstract  of  the  report 
of  the  Bontecou  Committee.  I  think  the  quickest  method  would  be  to 
discuss  the  subjects  as  they  are  read.    Please  read  the  first  one. 

Secretary  Hinman. — The  report  mentions  the  matter  of  co-operation 
with  other  organizations,  and  states  that  the  plan  of  district  representa- 
tion was  approved  by  the  Conference  of  fourteen  Associations  in  1915, 
but  at  the  request  of  the  Secretary,  in  February,  for  an  expression  of 
oi^inion,  only  four  Associations  responded,  and  only  one  advocated  the 
district  plan.  All  Associations  which  did  offer  suggestions  agreed  that 
they  wanted  few  restrictions,  and  freedom  to  deal  with  local  affairs. 
The  Committee  recommends  that  the  divisions  be  known  as  "Sections" 
of  the  American  Society  of  Civil  Engineers.  The  following  is  its 
report.     The  first  heading  is  "Rules." 

.  "Initiation. — A  Local  Section  may  be  authorized  by  the  Board  of 
Direction  at  the  written  request  of  fifteen  Corporate  Members  of  the 
Society,  and  must  consist  of  at  least  twenty-five  members  of  all  grades 
residing  within  the  territory  covered." 

"Constitution  and  By-Laws.- — The  Constitution  and  By-Laws  of  a 
Local  Section  must  be  approved  by  the  Board  of  Direction.  The  Con- 
stitution should  state,  in  effect : 

"First.— The  objects  to  be  attained  are  the  advancement  of  engineer- 
ing knowledge  and  practice;  the  cultivation  of  friendly  relations  with 
all  engineers ;  the  maintenance  of  high  professional  standards ;  and  co- 
operation with  other  engineering  societies,  with  a  view  to  promoting 
the  general  welfare  of  the  American  Society  of  Civil  Engineers  and  the 
Engineering  Profession." 

Do  you  want  to  report  on  this,  Mr.  Jaycox? 

Chairman  Jaycox. — I  don't  think  so.  If  you  will  start  with  the 
heading  "Policy",  whatever  discussion  may  be  taken  up  on  each  sec- 
tion will  be  about  all  that  will  be  required  of  us  under  the  direction  of 
the  Secretary. 
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Mi;.  .luiiN  K.  FiiiLD. — What  is  the  idea  of  changing  the  name  from 
"Association"  to  "Section''?  "Association"  seems  to  express  it  nuich 
better  than  "Section." 

CilAiKM.\N  Jaycox. — The  expression  of  the  Association  should  be 
taken  on  that. 

Mk.  Field. — In  nearly  all  conventions  and  meetings  where  the  word 
"section"  is  used  it  rather  indicates  a  difference  in  the  subject  matters 
to  be  taken  up.  There  will  be  different  sections  to  discuss  different  sub- 
jects, and  this,  to  my  mind,  is  an  association.  We  are  associated  to- 
gether for  social  and  professional  work,  and  I,  for  one,  much  prefer  to 
retain  the  old  name  of  "Association." 

Chair. \t.\N  Jaycox. — The  argument  of  the  Committee  is  that  as  the 
word  "Association"  is  more  properly  applicable  to  a  local  organization 
of  branches  or  sections  of  the  National  Societies,  and  because  the  word 
"Sections"  more  nearly  suggests  the  close  relation  to  the  Society  which 
is  sought  to  be  established,  and  besides  is  a  more  convenient  word,  the 
Committee  recommended  it. 

Mi{.  G.  N.  Houston. — Up  to  the  present,  or  at  least  until  just  re- 
cently, the  Parent  Society  has  not  been  over-anxious  to  recognize  these 
branches.  When  we  organized  it  was  very  careful  not  to  father  the 
thing  too  much,  and  now  it  is  very  anxious  to  do  the  other  thing,  which 
is  to  have  them  directly  connected  with  the  Parent  Society,  and  I  think 
that  is  the  reason  for  changing  the  name  to  "Section."  "Association" 
suggests  rather  a  body  which  has  been  gathered  together,  without  the 
sanction,  perhaps,  of  the  Parent  Society,  and  a  "Section"  would  be 
directly  under  the  sanction  and  directly  a  branch  o£  the  Parent  Society. 

Chairman  Jaycox. — Any  further  remarks  in  reference  to  the  choice 
of  the  word?  Do  you  wish  to  make  any  motion  on  this  question  as  an 
expression  of  opinion  of  the  Association  ? 

Mil.  E.  A.  MoRiTZ. — Mr.  President,  Mr.  Houston  has  used  the  term 
"Branch."  It  seems  to  me  that  that  would  be  the  best  term — Branch 
of  the  American  Society  of  Civil  Engineers.  I  agree  with  Mr.  Field 
that  the  term  "Section"  is  not  good,  because  it  designates  a  branch  that 
considers  certain  parts  of  the  Society  work,  whereas  these  local  branches 
consider  all  fields. 

Ch.^irman  Jaycox. — In  order  to  get  this  to  the  Parent  Society,  it 
would  be  advisable  to  have  a  motion  on  the  adoption  of  our  idea  of  the 
preferable  word. 

Mi{.  Field. — Mr.  Chairnian,  I  move  that  this  Association  suggest 
to  the  Parent  Society  that  the  word  "Association"  be  used. 

Mr.  Houston. — I  second  the  motion. 

CHAIR^rAN  Jaycox. — Gentlemen,  you  have  heard  the  motion  made 
by  Mr.  Field  and  seconded  by  Mr.  Houston.     Any  remarks? 

Mr.  D.  F.  Black. — Mr.  Chairman,  it  strikes  me  that  the  word 
"Section"  is  pretty  good,  for  the  reason  that  it  implies  being  a  part 
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of,  that  is,  a  "Section"  of  the  American  Society  of  Civil  Engineers, 
and  gives  it  the  same  standing  as,  you  might  say,  the  Society  itself. 
It  is  a  part  of  the  Society.  If  you  say  it  is  a  "Branch"  or  an  "Asso- 
ciation", you  would  think  of  it  as  independent,  that  is,  any  action  taken 
by  a  "Branch"  or  by  an  "Association"  would  be  considered  as  inde- 
pendent. Other  engineers  in  other  parts  of  the  country  might  think: 
"Well,  that  is  an  independent  organization."  They  would  not  con- 
sider it  as  authentic,  as  being  a  "Section."  That  is,  if  it  were  under- 
stood as  being  a  "Section"  of  the  American  Society  of  Civil  Engineers, 
it  would  have  more  weight.     I  like  the  word  "Section." 

Mr.  Moritz. — Mr.  Chairman,  that  is  just  the  point.  None  of  these 
sections  has  any  authority  to  take  any  action  that  will  bind  the  Parent 
Society,  but,  if  it  is  a  Section,  it  will  take — practically  take — final 
action  on  some  particular  work.  Of  course,  that  also  has  to  be  ap- 
proved by  the  Society  as  a  whole,  but  that  just  brings  out  the  objec- 
tion to  "Section"  more  than  ever. 

Mr.  Houston. — The  local  organization  does  have  authority  to  act 
for  the  parent  organization  on  all  local  matters,  and  in  that  sense  we 
are  a  part  of  the  parent  organization.  We  are  cautioned  not  to  take 
any  action  with  regard  to  National  matters,  but  we  are  at  liberty  to 
take  action  and  bind  the  Society,  as  I  understand  it,  in  regard  to  local 
matters. 

Chair:man   Jaycox.- — Any   further   remarks? 

Secretary  Hinman.— I  am  in  favor  of  maintaining  the  present 
name.  I  believe  that  all  these  local  organizations  are  purely  and 
simply  Associations  of  members.  That  was  the  idea  when  the  Colorado 
Association  was  organized,  that  the  members  in  Colorado  would  asso- 
ciate for  the  furtherance  of  social  and  professional  benefits ;  and,  inas- 
much as  there  are  at  present  twenty-one  Associations,  that  fact  is  quite 
sufficient  for  leaving  their  names  just  as  they  are.  The  local  organiza- 
tions of  the  Electrical  Engineers  and  the  Mining  Engineers  are  called 
"Sections",  and,  among  outsiders,  if  the  name  is  a  little  different,  I 
believe  it  creates  a  distinction  from  simply  the  term  "engineers."  The 
outsider  does  not  generally  stop  to  consider  whether  engineers  are 
civil,  electrical,  or  mechanical,  and,  aside  from  that  distinguishing 
name,  I  believe  the  word  "Association"  as  distinguished  from  "Sec- 
tion" would  be  advisable  and  beneficial.  I  recommend  the  retention 
of  the  name. 

Mr.  Field. — In  order  to  get  an  expression  of  this  meeting,  I  sug- 
gest that  we  be  called  on  to  designate  which  of  the  three  names  we 
prefer. 

Chairman  Jaycox. — Does  the  seconder  consent  to  the  withdrawal 
of  the  motion? 

Mr.  Houston. — Yes. 
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C'ii.\ii;.NK\i\  Jaycox. — (jentk'iiRii.  in  onk'r  to  yet  an  expression  of 
opinion,  I  will  ask  for  a  show  of  hands,  so  that  the  sequence  of  the 
action  will  be  taken  by  numbers.  All  in  favor  of  the  retention  of  the 
word  "Association",  please  raise  their  hands. 

Secketary  Hinman. — vSix. 

Chairman  Jaycox. — Those  in  favor  of  the  designation  "Section" 
will  please  raise  their  hands. 

Secretary  Hinman. — Five. 

Chairman  Jaycox. — Those  in  favor  of  the  word  "Branch"  will 
please  raise  their  hands. 

Secretary  Hinman. — One. 

Chairman  Jaycox. — The  order  of  sequence  is  "Association",  "Sec- 
tion", "Branch."     What  is  the  next  item,  Mr.  Secretary? 

Secretary  Hinman. — The  next  item  is  "Policy.  Relations  of  Local 
Sections  to  the  American  Society  of  Civil  Engineers." 

"Beports. — Local  Sections  should  transmit  promptly  to  the  Secre- 
tary of  the  American  Society  of  Civil  Engineers  an  abstract  of  such 
proceedings  of  their  meetings  as  may  be  deemed  of  general  inter- 
est," etc. 

In  the  paragraph  headed  "New  Members,"  the  Committee  refers 
to  the  fact  that  the  local  Section  should  seek  in  all  proper  ways  to 
increase  the  membership;  that  it  "should  investigate  carefully  the 
qualifications  of  any  candidate  for  admission  to  the  Society  about 
whom  the  Board  of  Direction  desires  information,  and  make  an  official 
report  at  the  request  of  the  Secretary  of  the  Society." 

Chairman  Jaycox. — This  is  a  new  procedure  on  the  part  of  the 
Parent  Society.  At  present  the  recommendation  of  the  endorsers  of  an 
applicant  is  the  only  information  gained  by  the  Board  of  Direction 
with  reference  to  his  qualifications.  This  means  that  the  Local  Asso- 
ciation, when  an  applicant  is  within  its  jurisdiction,  shall  make  a  report 
to  the  Board  of  Direction  for  examination  of  his  qualifications  before 
the  Board  of  Direction  takes  filial  action  on  the  application. 

Secretary  Hinman. — Is  it  your  idea  that  they  shall  take  final 
action?     This  reads  that  it  shall. 

Chairman  Jaycox. — That  is  changed.  Are  you  in  favor  of  such 
change  being  made?  That  is  the  only  question  for  us  in  reference 
to  this  matter.  In  order  to  expedite  matters  and  proceed  as  rapidly 
as  we  can,  all  who  are  in  favor  of  having  the  application  of  an  appli- 
cant referred  to  the  Local  Association,  please  manifest  it  by  the  sign 
of  hands. 

The  question  is  unanimously  adopted.     jSTow,  the  next  one. 

Secretary  Hinman. — The  next  paragraph  is: 
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"Restriction  in  Activity. — Local  Sections  should  refrain  from  all 
action  on  matters  of  a  National  character,  or  which  might  possibly 
aifect  the  general  interests  of  the  Profession,  without  the  approval 
of  the  Board  of  Direction,  and  should  report  to  the  Secretary  any 
local  matter  which  might  affect  or  interest  the  Society  or  Profession 
at  large." 

Chairman  Jaycox. — Any  remarks  to  be  made  on  that  section? 
If  not,  all  in  favor  of  its  approval  will  please  manifest  it  by  the  usual 
sign.  Are  there  any  votes  to  the  contrary?  If  not,  it  will  receive 
the  approval  of  the  Association. 

Secretary  Hinman. — The  next  paragraph  is: 

"Ethics. — Local  Sections  shall  insist  on  the  observance  of  the  Code 
of  Ethics  adopted  by  the  American  Society  of  Civil  Engineers,  and 
support  the  Society  in  matters  relating  to  it.  Charges  made  by  any 
member  of  the  Society  that  a  member  of  the  Section  has  violated 
this  code  should  be  promptly  investigated  by  a  committee  of  the 
Section,  and  its  findings  officially  reported  to  the  Board  of  Direction." 

Mr.  Houston. — I  move  its  approval. 

Chairman  Jaycox. — I  just  wish  to  call  your  attention  to  the  fact 
that  this  paragi-aph  requires  that  the  finding  shall  be  promptly  inves- 
tigated by  a  committee,  but  it  does  not  say  that  the  Local  Association 
should  approve  or  disapprove  the  finding  of  the  committee.  I  think 
that,  before  being  sent  to  the  Society,  it  should  be  approved  by  the 
Local  Association.  Shall  the  suggestion  of  the  Chair  be  inserted  in 
the  paragraph  on  "Ethics"  ? 

Mr.  Field. — Yes,  sir,  it  should. 

Chairman  Jaycox. — As  amended,  are  you  ready  to  vote  on  the 
paragraph  ? 

Mr.  Houston. — Do  I  understand  that  in  this  case  the  matter 
should  be  brought  publicly  before  the  whole  Association,  and  the 
findings  approved  or  disapproved?  It  seems  to  me  that  that  would 
not  be  very  good  policy  until  it  had  been  brought  before  the  Board  of 
Direction,  and  there  might  be  cases  where  that  would  be  somewhat 
embarrassing,  if  the  Board  of  Direction  did  not  support  the  finding. 

Secretary  Hinman. — I  don't  believe  that  is  the  intention.  It  says 
that  the  Section  shall  appoint  a  committee  to  investigate,  and  that 
that  committee  shall  report  to  the  Parent  Society.  I  don't  believe 
it  would  be  brought  before  the  meeting. 

Chairman  Jaycox. — My  idea  is  that  it  should  be.  We  don't  know 
what  the  action  of  the  committee  should  be. 

Mr.  Houston. — Until  this  gets  to  the  Parent  Society  it  should  not 
be  made  public. 

Chairman  Jaycox. — Only  before  the  Association. 

Mr.  Houston. — I  don't  believe  it  should  be  brought  before  the 
Association    until    it   has    been    brought    before    the    Parent    Society. 
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There  uuKlit  be  a  great  deal  of  injustice  in  that,  depending  on  who 
comprised  the  committee.  Jn  appointing  this  committee,  the  Asso- 
ciation should  use  its  best  judgment  in  the  matter,  and  should  be 
willing  to  trust  to  its  findings  and  present  its  report  to  the  Board 
of  Direction  before  it  comes  publicly  before  the  Association. 

Mi{.  ^[oKiTZ. — I  would  like  to  ask  what  will  th^  Board  of  Direction 
do  with  this  report?     There  is  nothing  said  about  that. 

CiiAuniAN  Jayc'ox. — Gentlemen,  1  have  examined  the  report  for 
the  purpose  of  talking  of  these  matters,  and  think  that,  although  we 
might  appoint  an  excellent  committee,  and  its  members  might  have 
the  best  of  intention  as  to  their  duties,  they  might  not  get  accurate 
information  or  all  that  might  be  known,  and  the  Association  should 
have  the  privilege  of  reviewing  the  finding  of  its  own  committee  before 
it  becomes  a  part  of  our  proceedings  and  is  transmitted  to  the  Board 
of  Direction. 

Secretary  Hinman. — I  think  that  the  committee  appointed  by  the 
Association  acts  for  the  Parent  Society  more  than  for  the  Associa- 
tion. In  other  words,  the  Parent  Society  uses  the  members  of  the 
Association  foi'  its  convenience  in  this  investigation,  rather  than  send 
anybody  else  to  investigate  the  matter,  and  that  that  committee  should 
report  to  the  Board  of  Direction,  and  then  the  Board  can  further  in- 
struct the  Society  as  to  what  should  be  done.  I  believe,  with  Mr. 
Houston,  that  a  man's  reputation  or  profession  might  be  very  seri- 
ously and  erroneously  damaged  by  making  anything  public.  Anything 
you  make  public,  unless  you  are  absolutely  sure  of  it — and  I  don't 
see  how  we  could  be  without  investigation — might  damage  a  man's 
career  beyond  reparation. 

Mr.  Field. — As  to  the  matter  of  publicity,  your  man  is  investi- 
gated; the  committee  is  appointed;  that  is  publicity  enough.  Now 
give  him  some  sort  of  a  show.  Let  everybody  in  the  Association — in 
his  district — hear  this  report  and  say  w^hat  they  think  about  it.  I 
think  a  man  will  get  a  much  better  hearing,  and  the  Local  Associa- 
tion will  know  much  better  what  it  is  doing. 

Chairman  Javcox. — Any  further  remarks  on  the  amendment  made 
by  the  Chair? 

Mr.  Houston. — How  are  the  charges  to  be  made  in  a  case  of  this 
kind — before  the  Local  Association  or  before  the  Board  of  Direction, 
as  provided  in  the  present  Constitution  and  By-Laws  of  the  Society? 

Chairman  Jaycox. — The  matter  comes  before  the  Board  of  Direc- 
tion. 

^Fr.  Houston. — As  it  ordinarily  did — as  I  think  it  did — by  a  peti- 
tion of  ten? 

Chairman  Jaycox. — Yes. 

Mr.  Houston. — Then  the  petition  does  not  come  before  the  So- 
ciety, but  the  Board  of  Direction  notifies  the  Local  Association  to 
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appoint  a  committee  for  investigation.  They  need  not  mention  who  is 
to  be  investigated;  simply  appoint  the  connnittee,  and  then  the  name 
could  be  furnished  by  the  Board  of  Direction.  I  don't  think  there 
should  be  any  publicity  in  this  matter  until  the  local  committee  has 
heard  the  evidence  and  placed  it  before  the  Board  of  Direction.  That 
more  nearly  corresponds  with  our  present  arrangement,  which  seems 
to  have  been  very  satisfactory. 

Mr.  Black. — Mr.  Chairman,  all  such  investigations  as  this  call 
for  evidence.  That  is  what  you  have  to  draw  your  conclusion  from, 
and  it  would  be  difficult  to  i)resent  all  the  evidence  before  the  whole 
Association.  I  would  be  much  more  willing  to  trust  to  the  judgment 
of  a  committee  composed  of  two  or  three  reputable  men  in  our  com- 
munity, and  let  them  render  the  decision  than  to  hear  only  the  evi- 
dence presented  to  our  meeting  as  a  whole. 

Chairman  Jaycox. — Gentlemen,  I  do  not  want  to  insist  on  this, 
but  we  do  not  know  what  kind  of  a  committee  will  be  appointed.  Any 
member  of  the  Society  can  bring  any  member  of  an  Association  to  the 
carpet.  The  matter  of  itself  is  a  rather  harsh  way  of  doing  business, 
it  assails  a  man's  reputation,  and  is  referred  to  the  Association  to 
find  out  whether  those  charges — perhaps  made  by  a  member  in  New 
York — are  true.  The  appointment  of  the  committee  is  done  by  the 
Association.  I  can  very  easily  imagine  a  condition  of  affairs  where 
a  committee  would  not  be  unbiased,  even  in  our  own  Association.  I 
don't  say  that  it  would  be,  but  it  could  be.  If  an  action  of  that  kind 
is  taken,  we  don't  know  anything  about  the  evidence;  it  goes  to  three 
men.  What  their  report  may  be  on  one  of  our  fellow-members  is  not 
reviewable  by  our  own  Association.  I  think  it  is  rather  drastic.  Any 
further  remarks? 

Mr.  a.  N.  Miller. — The  number  of  men  on  the  committee  should 
be  increased  to  six  instead  of  three. 

Chairman  Jaycox. — Tlae  niimber  on  the  committee,  I  think,  will 
be  entirely  within  the  hands  of  the  Local  Association. 

Mr.  J.  W.  Deen. — I  like  this  idea  of  referring  these  applications  for 
membership  to  the  Local  Associations. 

Chairman  Jaycox. — That  has  been  passed  on,  Mr.  Deen. 

Mr.  Deen. — And  we  have  not  had  enough  publicity,  so  far  as 
concerns  the  people  getting  into  the  Society.  I  know  men  in  this 
Society — not  in  our  own  local  organization  but  in  the  United  States — 
who  have  gone  a  long  way  from  home  to  get  their  endorsers,  in  order  to 
get  into  the  Society,  and  the  people  at  home  did  not  know  it  until  they 
were  members — did  not  examine  the  publications,  and  it  slipped  by 
them. 

Chairman  Jaycox. — Mr.  Deen,  we  have  passed  that  order,  and  have 
approved  the  reference  to  the  local  organization  for  the  members  in 
our  district. 
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Mi;.  1)i:i:x.— Well,  1  like  that  idea. 

CiiAiKMAN  Javcux. — Gentlemen,  the  question  will  be  first  on 
wlipthor  or  not  the  Local  Association  wants  to  be  informed  of  the 
fiiidinj?  of  the  committee  to  which  a  matter  of  this  kind  is  referred. 
All  in  favor  of  incorporating:  that  idea  in  this  section  will  raise  their 
hands;  those  opposed.  It  is  an  even  vote  so  far,  gentlemen.  That 
being  the  case,  the  amendment  is  not  incorporated.  Now  the  question 
is  on  the  paragraph  headed  ''Ethics";  shall  it  be  ai)proved  by  the 
Association?     Manifest  your  aiiproval  by  vote,  i)lease. 

The  section  is  approved. 

Skckf.taky  Hinman. — The  next  paragraph  is: 

"(Iricrances. — Local  Sections  should  endeavor  to  protect  the  pro- 
fessional reputation  of  their  members  by  investigating  and  publishing 
the  facts  of  any  case  in  which  their  integrity  or  competency  appears 
to  have  been  unfairly  or  maliciously  misrepresented,  and  should  re- 
port the  circumstances  and  the  action  taken  to  the  Board  of  Direc- 
tion." 

Chairman  Javcox. — Any  discussion  or  remarks  on  this  section? 
All  in  favor  of  the  approval  of  this  section,  please  say  "aye".  It  is 
carried. 

Secretary  Hinman. — The  next  heading  is :  "Relations  of  Local 
Sections  to  Sections  of  other  National  Societies,  to  Local  Engineer- 
ing Clubs,  and  to  All  Engineers".     The  first  paragraph  is: 

"Co-operation. — Local  Sections  should  adopt  a  broad  view  of  their 
relations  to  the  Engineering  Profession,  and  recognize  the  advantage 
and  necessity  of  co-operation  with  other  engineering  organizations  in 
all  ways  that  may  strengthen  the  position  of  engineers,  develop  social 
relations  among  them,  or  tend  to  establish  correct  principles  and 
practice." 

That  i)aragraph  simply  encourages  co-operation. 
CiiAiRNfAN  Jaycox. — There  will  be  no  objection;  all  are  in  favor  of 
it. 

Secretary  Hinman. — (Reading) . 

"Local  Societies. — Local  Sections  should  affiliate  with  existing 
f]ngineering  Societies,  and,  where  none  exist  and  the  conditions  are 
favorable,  they  should  encourage  their  formation.  All  engineers 
should  be  considered  as  eligible  for  membership  in  such  Societies,  but 
only  those  whose  attainments  correspond  at  least  to  the  requirements 
for  Associate  Membership  in  the  American  Society  of  Civil  Engineers 
should  have  a  vote.  It  is  desirable  that  not  more  than  20%  of  the 
membership  of  these  Societies  should  be  admitted  as  Associates,  who, 
although  not  engineers,  have  interests  in  common  with  them.  Mem- 
bers of  a  Section  of  the  American  Society  of  Civil  Engineers  should 
vote  in  such  Societies  only  as  individuals,  and  not  as  a  body." 

Chairman  Jaycox. — The  purport  of  this  paragraph  is  that  there 
should  be  formed  a  local  society,  not  of  the  American  Society  of  Civil 
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Engineers,  but  of  all  and  any  engineers  who  might  be  taken  under  the 
Constitution  of  that  Society,  and  that  the  American  Society  members 
should  go  in  as  anj^  other  members  of  that  Society.  That  is  what  it 
is — and  to  try  to  limit  it  to  a  qualification  for  membership  which  will 
only  include  20%  of  the  membership  of  that  Society  equal  in  grade 
and  qualification  to  our  Associate  Members — I  don't  see  how  it  is 
possible  to  do  it. 

Mr.  Deen. — It  is  quite  a  complicated  proposition. 

Mr.  Houston. — Mr.  President,  one  of  the  provisions  of  the  branches 
of  the  Canadian  Society  of  Civil  Engineers  is  that  engineers  who  are 
not  members  of  the  Canadian  Society  may  be  admitted  as  associates  of 
the  branch.  They  are  not  members  of  the  Parent  Society  at  all,  but 
are  admitted  by  vote  and  on  the  payment  of  dues,  but  have  no  vote  in 
the  Society,  and  that,  to  a  certain  extent,  covers  the  same  ground  that 
this  would.  It  provides  for  a  society  for  those  men  who  are  not 
members  of  the  parent  organization,  and  still  keeps  the  identity  of 
the  Local  Association  or  Section  of  the  American  Society. 

Chairman  Jaycox. — But,  Mr.  Houston,  your  basis  is  a  section  of 
the  Canadian  Society.  This  is  an  organization  of  a  society  without 
regard  to  any  one  else,  just  the  same  as  if  all  the  engineers  of  the  City 
of  Denver  should  get  together  and  form  a  society.  We  have  a  society 
which  could  serve  as  a  base  now — the  Colorado  Society  of  Civil  Engi- 
neers. 

Mr.  Houston. — The  Parent  Society  wants  such  societies  to  have  a 
certain  standing,  namely,  equal  to  that  of  our  Associate  Members. 

Chairman  Jaycox. — Only  20%  of  the  membership.  When  that  is 
filled  up,  nobody  else  can  join. 

Mr.  a.  E.  Palen. — Does  that  20%  apply  to  the  associate  members — 
the  associates  of  the  Local  Society? 

Chairman  Jaycox. — Twenty  per  cent,  of  the  members  of  the 
Society.  Wow,  remember,  that  is  the  Local  Society.  It  is  not  a 
Section  or  Association  of  the  American  Society.  It  is  a  new  society 
entirely.  And  this  section  limits  that.  Not  more  than  20%  shall 
be  admitted  who  do  not  have  qualifications  of  an  Associate  Member 
of  our  Society. 

Mr.  Palen. — My  interpretation  of  the  reading  of  it  was  that  not 
more  than  20%  of  this  Local  Society  should  be  men  who  are  associated 
in  engineering  matters,  but  are  not  engineers.  They  are  below  the 
qualifications  of  Associate  Members  of  the  Parent  Society. 

Chairman  Jaycox. — But  that  limits  it.  As  soon  as  you  get  20%, 
you  cannot  have  a  larger  society  of  those  men.  You  understand  the 
question,  gentlemen? 

Mr.  Houston. — I  don't  think  I  understand  it  yet.  Does  it  infer 
that  we  are  to  organize  as  a  section  of  the  American  Society  and 
affiliate  with  these 
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Chairman  Jaycox. — No,  we  are  simply  to  go  in  as  any  other  member 
would  go  into  this  Society,  and  encourage  the  organization  of  an 
indciRMident  organization  or  local  organization  of  the  American  Society. 

!Mk.  Houston. — We  could  liavc  hotli.  then? 

TiiAiRNrAN  Jaycox. — Yes. 

Secretary  HiNM AN. — This  paragraph  refers  to  places  where  organi- 
zations are  not  already  in  existence — that  they  should  be  encouraged 
by  members  of  the  American  Society  who  may  live  in  that  locality. 
If  there  were  no  engineering  organizations  in  Denver,  for  instance, 
the  local  members  of  the  American  Society  of  Civil  Engineers 
should  encourage  the  organization  of  engineers.  Assuming  that  such 
a  society  were-  formed  and  had  100  members,  then  this  paragraph 
recommends  that  20  of  those  men  need  not  necessarily  be  engineers, 
but  may  be  men  who  have  interests  in  common,  and  those  20  members 
may  be  admitted,  but  shall  not  have  a  vote;  that  only  those  above 
those  20  men — the  other  80,  in  other  words — shall  have  a  vote,  and 
their  requirements  shall  be  equal  to  that  of  Associate  Members  in  the 
American  Society,  but  the  remaining  20  need  not  necessarily  have 
that  requirement.  It  seems  to  me  that  this  paragraph  is  perhaps 
getting  somewhat  dictatorial.  I  don't  see  why  the  American  Society 
should  do  any  more  than  to  further  the  organization.  It  should  be 
left  to  such  a  local  organization  to  establish  its  own  rules  and  regula- 
tions, and  I  believe  that  the  American  Society  members  in  the  locality 
could  be  depended  on  to  form  proper  rules. 

Mr.  Field. — When  such  a  society  is  formed,  the  members  of  the 
American  Society  of  Civil  Engineers  should  endeavor  to  maintain  for 
that  society  a  certain  standard,  and  not  have  a  society  in  their 
vicinity  calling  itself  a  society  of  engineers  when  its  members  really 
have  no  standing  as  such;  and  it  is  our  duty,  when  such  a  society 
is  formed,  to  try  to  see  that  it  has  a  sufficient  number  of  engineers 
to  justify  its  members  in  calling  themselves  engineers,  and  for  that 
reason  only  20%  of  such  members  should  be  below  the  grade  of  Asso- 
ciate^ Member. 

Chairman  Jaycox. — I  think  it  is  a  good  object  to  work  for,  but  I 
don't  think  that  you  can  organize  a  local  society  with  that  as  a  limit. 

'Mr.  Field. — No,  we  cannot  control  that,  but  we  can  exercise  our 
good  offices  with  that  idea  in  view. 

Mr.  Black. — I  take  it  that  the  spirit  of  this  paragraph  is  that  we 
should  co-operate  with  the  other  brandies  of  engineering,  and  do 
our  bit  to  raise  the  standard  of  all  engineers,  whether  electrical, 
mechanical,  civil,  or  mining,  whatever  they  may  be,  as  we  have  a 
standard  in  our  Society,  and  that  would  encourage  us  to  associate 
with  other  branches  of  engineering,  and  do  what  we  could  to  raise 
the  standard,  which,  I  think,  is  what  all  would  want  to  do  under 
those  circumstances. 
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Secrktary  Hinman. — Mr.  President,  this  paragraph  is  not  appli- 
cable to  our  locality.  We  have  organizations  of  electricals  and  mining ; 
we  have  the  Colorado  Scientific  Society,  and  the  previous  paragraph 
on  "Co-operation"  is  applicable.  I  move  that  the  discussion  of  this 
paragraph  on  "Local  Societies"  be  discontinued. 

CHAiR;\rAN  Jaycox. — And  not  make  any  expression  of  opinion  about 
it? 

Secretary  Hinman. — No. 

Chairman  Jaycox.— That  is  evading  the  question. 

Mr.  Moritz. — I  move  that  the  section  be  eliminated. 

Mr.  Houston. — I  move  that  it  be  adopted. 

(The  motion  for  adoption  was  duly  seconded.) 

Chairman  Jaycox. — It  is  moved  that  the  section  meets  with  our 
approval.  All  in  favor  of  this  motion  show  hands.  Those  opposed 
to  this  motion.     The  section  is  approved. 

Secretary  Hinman. — The  next  paragraph  is: 

"Engineers. — The  Local  Sections  should  endeavor  to  promote 
friendship  among  engineers,  regardless  of  their  connection  with  any 
Society,  and  to  extend  to  therA  professional  support.  They  should 
oppose  any  tendency  among  engineers  to  pay  inadeqi;ate  compensation 
to  engineers  whom  they  employ,  on  account  of  the  experience  to  be 
gained  by  the  employment,  and  should  discourage  in  all  proper  ways 
persons  who  assume  the  functions  of  engineers  without  possessing 
their  recognized  qualifications." 

Mr.  Field. — I  move  its  adoption. 

(The  motion  was  duly  seconded  and  carried  unanimously.) 
Secretary  Hinman. — The  next  section  is  "Eelations  of  Local  Sec- 
tions to  the  Public."     This  means  that  we  should  educate  the  public 
to  the  fact  that  engineers  exist. 

"Public  Affairs. — Local  Sections  should  volunteer  judicious  and 
carefully  considered  advice  on  public  matters  involving  engineering 
questions,  but  this  advice  must  be  above  any  suspicion  of  connection 
with  personal  advantage.  It  is  undesirable  that  there  should  be  any 
encroachment  on  the  practice  of  individual  engineers  or  participation 
in  personal  or  partisan  politics,  and  it  is  of  the  highest  importance 
to  the  Profession  that  engineers  should  realize  and  accept  their  duties 
as  citizens  of  the  community  in  which  they  live." 

Mr.  Houston. — I  move  its  adoption. 

(The  motion  was  seconded  by  Mr.  Field  and  carried.) 

Chairman  Jaycox. — That  is  one  of  the  hardest  things  that  can  be 
done.  It  is  very  well  to  have  an  opportunity  of  doing,  but  in  order 
to  get  engineers  interested  in  public  affairs  and  to  get  them — their 
opinions,  actions,  and  reports — before  the  public,  is  a  different  job. 
The  next  one,  Mr.  Secretary. 

Secretary  Hinman. — (Reading.) 
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"State  Affairs. — Local  Sections  need  not  be  confined  to  State 
lines,  but  they  should  endeavor  to  arranj^e  some  orj^anization  of 
the  engineers  of  tlio  States  within  their  territory,  for  the  i)uri)ose_  of 
exerting  influence  in  the  legislation  of  the  State  and  the  administration 
of  its  affairs  wherever  engineering  principles  or  practices  arc  involved." 

CiiAiii.MAN  J.wt'ox. — We  have  already  done  that,  so  there  is  no 
necessity  for  a  ruling.  Any  other  questions  in  reference  to  the  affairs 
of  this  Society  or  Association  are  now  in  order. 

ilu.  Houston. — The  parent  organization  should  rebate  to  each 
section  some  portion  of  the  dues  which  its  members  pay.  This  would 
not  hamper  the  parent  organization  in  its  financial  condition  at  present. 
The  income  from  dues  was  about  $89  000  last  year. 

Ch.^irman  Jaycox. — More  than  that. 

^[i{.  lIoisTON. — That  is  from  ordinary  dues.  1  think  I  am  right 
about  that — about  $8i)  000 — and  the  income  from  other  sources,  outside 
of  the  sale  of  some  bonds,  was  more  than  $100  000.  If  the  parent 
organization  should  rebate  $2  or  $3  per  member  to  the  Local  Associa- 
tion, it  would  be  a  great  financial  help  to  the  latter,  and  as  the  Society 
has  only  8  000  members,  and  it  is  probable  that  not  more  than  50% 
of  tliem  would  be  in  local  associations — suppose  there  were  50% — 
that  would  only  make  $8  000  out  of  the  $89  000.  That  is,  it  would 
reduce  the  income  of  the  parent  organization  from  ordinary  dues  to 
$80  000  instead  of  $89  000  as  last  year,  with  the  balance  which  is 
obtained,  of  $100  000  or  more,  from  other  sources.  The  Parent 
Society  would  not  feel  this — could  easily  spare  this  amount  of  money, 
and  it  would  encourage  the  organization  of  local  sections,  and  all 
who  have  had  anything  to  do  with  local  associations  know  that  the 
financial  side  is  hard  to  handle.  I  move  that  it  be  the  sense  of  this 
local  organization  that  the  American  Society  of  Civil  Engineers 
rebate  some  portion  of  the  dues  which  are  paid  by  local  members  of 
the  Section  or  Association,  for  the  benefit  of  the  local  Section. 

Chairman  Jaycox. — Is  there  a  seconder  to  Mr.  Houston's  motion? 

(The  motion  was  duly  seconded.) 

Chairman  Jaycox. — Now,  a  discussion  on  this  motion. 

Secretary  Hinman. — I  believe  that  the  Parent  Society  should  make 
this  rebate.  We  pay  $15  dues,  and  we  get  the  Proceedinys  and  a  great 
many  other  benefits,  perhaps,  from  the  American  Society  of  Civil 
Engineers.  All  the  other  National  engineering  societies  support  their 
local  associations  to  some  extent.  Eor  instance,  all  the  local  sections 
of  the  Electrical  Engineers  have  a  flat  amount  of  $100,  and,  in  addi- 
tion, $1.25  for  each  member  within  a  radius  of  60  miles.  The  Mining 
Engineers  have  a  rebate  of  one-quarter  of  the  dues  paid  by  all  the 
members  in  the  section,  with  a  proviso  that  such  amount  shall  not 
exceed  $250.  This  Association  has  a  membership  that  fluctuates  be- 
tween 80  and  90.  perhaps  nearer  85  than  90.     That  means  an  income 
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of  from  $170  to  $180  a  year,  and  if  we  squeeze  pretty  hard — are  very 
careful  and  nail  people  to  the  cross — we  get  out  with  an  expenditure 
of  from  $150  to  $160  a  year.  We  are  deprived  in  a  great  many  cases 
of  things  we  would  like  to  have  by  reason  of  small  financial  income. 
I  believe  that  the  American  Society  of  Civil  Engineers  should  rebate 
to  each  of  its  Local  Associations  not  less  than  $3  per  member.  If  it 
is  necessary  to  define  certain  limits  of  territory,  so  that  two  Associa- 
tions may  not  get  rebate  for  the  same  member,  well  and  good.  The 
Colorado  Association  would  be  willing  to  agree  to  remain  within  the 
limits  of  Colorado  and  such  other  portions  of  District  I^o.  10  as  would 
be  large  enough  for  the  establishment  of  an  association.  I  would 
suggest  that  Mr.  Houston's  motion  be  a  little  more  specific  in  stating 
that  not  less  than  $3  per  member  be  returned.  That  is  less  than  25%, 
and  I  would  place  that  as  an  amendment. 

Now,  our  Constitution  provides  that  our  dues  shall  not  exceed  $5. 
The  San  Francisco  Association  has  dues  of  $5,  and  they  now  have 
several  thousand  dollars  to  their  credit.  They  have  made  investments 
in  different  bonds.  They  carry  a  balance  in  bank  of  more  than 
$300  nearly  all  the  time.  They  provide  their  meetings  with  quite 
a  bit  of  entertainment  during  their  dinners,  cabaret  features  and  one 
thing  and  another — which  evidently,  from  their  reports,  are  very 
interesting  and  bring  out  a  large  membership.  I  don't  believe  that  our 
members  see  the  reports  of  the  San  Francisco  Association,  but  the 
attendance  at  their  meetings  is  as  large  as  at  most  meetings  of  the 
American  Society  in  New  York,  and  I  believe  it  is  largely  a  matter 
of  financial  ability  to  conduct  the  meetings. 

(The  amendment  was  duly  seconded.) 

Chairman  Jaycox.— We  will  incorporate  that  without  objection. 
Gentlemen,  any  further  remarks  on  this  motion?  The  motion  is  that 
the  Parent  Society  be  requested  to  take  into  consideration  a  rebate 
of  not  less  than  $3  per  member  for  the  benefit  of  the  Local  Associa- 
tions as  organized.  Any  further  remarks?  If  not,  all  in  favor  of 
the  adoption  of  the  motion,  please  say  "aye" ;  contrary,  "no" ;  the 
motion  is  carried.     Any  further  business? 

Gentlemen,  that  concludes  the  business  to  which  our  attention  has 
been  called  by  the  Secretary,  and  of  which  we  are  to  make  report 
to  the  Parent  Society.  If  there  are  no  remarks  on  this  subject,  we 
will  proceed  with  our  ordinary  local  business. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 
Christmas  Day. 

FUTURE  MEETINGS 

November  7th,  1917.— 8.30  P.  M.— A  regular  business  meeting 
will  be  held,  and  two  papers  will  be  presented  for  discussion,  as 
follows :  "The  Subsidence  of  Muck  and  Peat  Soils  in  Southern 
Louisiana  and  Florida",  by  Charles  W.  Okey,  Assoc.  M.  Am.  Soc. 
C.  E. ;  and,  "Pulsations  in  Pipe  Lines,  as  Shown  by  Some  Recent 
Tests",  by  H.  C.  Vensano,  M.  Am.  Soc.  C.  E. 

Mr.  Okey's  paper  was  printed  in  Proceedings  for  September,  1917, 
and  Mr.  Vensano's  paper  is  printed  in  this  number  of  Proceedings. 

November  21st,  1917.— 8.30  P.  M.— At  this  meeting  two  papers 
will  be  presented  for  discussion,  as  follows:  "The  Hell  Gate  Arch 
Bridge  and  Approaches  of  the  New  York  Connecting  Railroad  Over 
the  East  River  in  New  York  City",  by  O.  H.  Ammann,  M.  Am.  Soc. 
C.  E. ;  and,  "Stress  Measurements  on  the  Hell  Gate  Arch  Bridge," 
by  D.  B.  Steinman,  Assoc.  M.  Am.  Soc.  C.  E. 

These  papers  are  printed  in  this  number  of  Proceedings. 

LIST  OF  NOMINEES  FOR   THE   OFFICES  TO  BE  FILLED   AT  THE 
ANNUAL  ELECTION,  JANUARY  i6th,  1918 

The  following  list  of  nominees  for  the  offices  to  be  filled  at  the 
Annual  Meeting,  January  16th,  1918,  received  from  the  Nominating 
Committee,  was  presented  to  the  Board  of  Direction  at  its  meeting 
on  October  9th,  1917.  The  list  has  already  been  mailed  to  all  Cor- 
porate Members: 

For  President,  to  serve  one  year: 

Arthur  N.  Talbot,  Urbana,  111. 

For  Vice-Presidents,  to  serve  two  years: 
JoHx  F.  Coleman,  New  Orleans,  La. 
Nelson  P.  Lewis,  New  York  City 

For  Treasurer,  to  serve  one  year: 
George  W.  Tillson,  Brooklyn,  N.  Y. 

For  Directors,  to  serve  tJiree  years: 

Geor(;e  W.  Goethals,  New  York  City.  ......  .District  No.  1. 

Andrew  M.  Hunt,  New  York  City District  No.  1. 

Samuel  Tobl^s  Wagner,  Philadelphia,  Pa.  ..  .District  No.  4. 

Edward  E.  "Wall,  St.  Louis,  Mo District  No.  9. 

MiLo  S.  Ketchum,  Boulder,  Colo District  No.  10. 

Harhv  IIawgood,  Los  Angeles,  Cal District  No.  11. 
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SEARCHES    IN    THE    LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  co  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliog-raphies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  sources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar  with 
the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

It  sometimes  happens  that  references  are  found  which  are  not 
readily  accessible  to  the  person  for  whom  the  search  is  made.  In  that 
case  the  material  may  be  reproduced  by  photography,  and  this  can 
be  done  for  members  at  the  cost  of  the  work  to  the  Society,  which  is 
small.  This  method  is  particularly  useful  when  there  are  drawings  or 
figures  in  the  text  which  would  be  very  expensive  to  reproduce  by 
hand. 

A  list  of  989  bibliographies  made  in  the  Library,  giving  the  cost 
of  each,  was  published  in  Vol.  LXXX  of  Transactions. 

Since  October  1st,  1916,  the  Library  of  the  American  Society  of 
Civil  Engineers  has  ceased  to  exist,  as  such,  having  been  merged  with 
the  Libraries  of  the  Mining,  Mechanical,  and  Electrical  Engineers, 
and  become  a  part  of  the  Library  of  the  United  Engineering  Society. 
There  were  67  000  accessions,  which  were  not  duplicates,  turned  over 
to  that  Library. 

Hereafter,  therefore,  requests  for  searches  should  be  addressed  to 
the  Librarian,  United  Engineering  Society,  29  West  39th  Street, 
New  York  City. 

PAPERS    AND    DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 
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Papers  which,  from  their  frenoral  nature,  appear  to  be  of  a  char- 
acter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and  on  these  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which,  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  I'roceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions  only  will  be  requested 
for  subsequent  publication  in  Proceedings  and  with  the  paper  in  the 
volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429  of  the  August, 
1013,  Proceedings. 

LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN   SOCIETY   OF   CIVIL   ENGINEERS 

San  Francisco  Association,  Organized  1905. 

J.  D.  Galloway,  President;  E.  T.  Thurston,  Secretary-Treasurer, 
57  Post  Street,  San  Francisco,  Cal. 

The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  holds  regvilar  bi-monthly  meetings,  with  banquet, 
and  weekly  informal  luncheons.  The  former  are  held  at  6  p.  M.,  at  the 
Palace  Hotel,  on  the  third  Tuesday  of  February,  April,  June,  August, 
October,  and  December,  the  last  being  the  Annual  Meeting  of  the 
Association. 

Informal  luncheons  are  held  at  12.30  p.  m.,  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
F'rancisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

Colorado  Association,  Organized   1908, 

Robert  Follansbee,  President;  L.  H.  Hinman.  Secretary-Treasurer, 
1400  West  Colfax  Avenue,  Denver,   Colo. 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  (Denver,  Colo.)  are  held  on  the 
second  Saturday  of  each  month,  except  July  and  August.  The  hour 
and  place  of  meeting  are  not  fixed,  but  this  information  will  be  fur- 
nished on  application  to  the  Secretary.  The  meetings  are  usually  pre- 
ceded by  an  informal  dinner.  IMembers  of  the  American  Society  of 
Civil  Engineers  will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  hold  on  AVednesdays  at  12.30  p.  M.,  at  Daniel's 
and  Fisher's. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 
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(Abstract  of  Minutes  of  Meeting) 

June  9th,  I9i7« — The  Ninth  Annual  Meeting  was  called  to  order 
at  the  Denver  Athletic  Club;  President  Jaycox  in  the  chair;  L.  R. 
Hinnian,  Secretary;  and  present,  also,  13  members. 

The  minutes  of  the  meeting  of  May  12th,  1917,  were  read  and 
approved. 

President  Jaycox  read  the  Annual  Address. 

The  Secretary-Treasurer  presented  the  Annual  Reports,  and,  on 
motion,  duly  seconded,  these  were  ordered  filed. 

Chairman  G.  N.  Houston,  for  the  Auditing  Committee,  reported 
that  the  financial  affairs  of  the  Association  were  correctly  stated  in 
the  Treasurer's  report. 

The  report  of  the  Nominating  Committee  was  received,  and 
Messrs.  G.  N.  Houston,  and  E.  A.  Moritz  were  appointed  Tellers  to 
canvass  the  ballots  for  Officers. 

On  the  report  of  the  Tellers  the  following  officers  were  declared 
elected:  President,  Robert  Follansbee;  Vice-President,  W.  C.  Hunt- 
ington; and  Secretary-Treasurer,  L.  R.  Hinman. 

The  proposed  amendment  to  the  By-laws  relative  to  the  appoint- 
ment of  Technical  and  Non-Technical  Committees  was  read,  and,  on 
motion,   duly  seconded,  was  adopted  as  "Article  VIII — Committees." 

The  Secretary  read  a  letter  from  Chas.  Warren  Hunt,  Secretary 
of  the  Society,  requesting  that  members  of  the  Association  discuss 
the  report  of  the  Committee  on  Relations  of  Local  Associations  which 
appeared  in  Proceedings  for  May,  1917.  Each  section  of  the  report 
was  read  and  discussed,  a  vote  being  taken  for  or  against  its  adoption 
or  revision.* 

Adjourned. 

Atlanta  Association,  Organized  1912. 

Paul  H.  Norcross,  President;  Thomas  P.  Branch,  Secretary-Treas- 
urer, Georgia  School  of  Technology,  Atlanta,  Ga. 

The  Association  holds  its  meetings  at  the  University  Club,  Atlanta, 
Ga.  Regular  monthly  luncheon  meetings  are  held  to  which  visiting 
members  of  the  Society  are  always  welcome. 

Baltimore  Association,  Organized  1914. 

Mason  D.  Pratt,  President;  Charles  J.  Tilden,  Secretary-Treasurer, 
The  Johns  Hopkins  University,  Baltimore,  Md. 

Cleveland  Association,  Organized  1914. 

W.  J.  Watson,  President;  George  H.  Tinker,  Secretary-Treasurer, 
516  Columbia  Building,  Cleveland,  Ohio. 

Detroit  Association,  Organized   1916, 

T.  A.  Leisen,  President;  Clarence  W.  Hubbell,  Secretary,  2348 
Penobscot  Building,  Detroit,  Mich. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  December,  April,  and  October,  the  last  being  the  Annual 
Meeting. 

*  See  page  590. 
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District  of  Columbia  Association,  Orj^anized   1916. 

A.  P.  I)avis,  rrosi<l(Mit;  John  (J.  llnyt.  Socrotary-Trcasurer,  U.  S. 
Geological  Survey,  Washington,  D.  C. 

Duluth  Association,  Organized   1917. 

l'\  K.  House,  President;  Walter  (i.  Zimnicriiiann,  Secretary,  W^olvin 
Building-,  Duluth,  Minn. 

The  regular  meetings  of  the  Association  are  held  monthly.  The 
time  and  place  of  meeting  are  not  fixed,  but  this  information  will  be 
furnished  on  application  to  the  Secretary.  The  Annual  Meeting  is 
held  on  the  third  Monday  of  May. 

Illinois  Association,  Organized  1916. 

C.  F.  Loweth,  President,  Chicago,  111. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Monday  of  ^March,  June,  September,  and  December,  the  last  being  the 
Annual  Meeting.  The  hour  and  place  of  meeting  are  not  fixed,  but 
this  information  will  be  furnished  on  application  to  the  President. 

Louisiana  Association,  Organized  1914' 

W.  B.  Gregory,  President;  Charles  W.  Okey,  Secretary,  Tulane 
University,  New  Orleans,  La. 

The  regular  meetings  of  the  Association  are  held  at  The  Cabildo, 
New  Orleans,  La.,  on  the  first  Monday  of  January,  April,  July,  and 
October. 

Nebraska  Association,  Organized  1917. 

Frank  T.  Darrow,  President;  Homer  V.  Knouse,  Secretary-Treas- 
urer. 115  City  Hall,  Omaha,  Nebr. 

Regular  meetings  of  the  Association  are  held  on  the  first  Saturday 
of  each  month,  except  July  and  August,  and  at  such  places  as  may 
be  appointed  from  time  to  time  by  the  Executive  Committee.  The 
Annual  Meeting  is  held  in  Lincoln,  Nebr.,  on  the  second  Friday  in 
January. 

It  is  probable  that  frequent  luncheons  will  be  held  in  Omaha,  in 
addition  to  the  monthly  meetings,  at  which  visiting  members  will  be 
welcomed.  The  place  of  meeting  may  be  ascertained  by  communi- 
cating vdth  the  Secretary. 

Northwestern  Association,  Organized    1914. 

George  L.  Wilson,  President;  Raliih  D.  Thomas,  Secretary,  508 
South  First  Street,  Minneapolis,  ]\Iinn. 

Philadelphia  Association,  Organized   1913- 

Samuel  T.  Wagner,  President;  C.  W.  Thorn,  Secretary,  1313  South 
Broad  Street,  Philadelphia,  Pa. 

The  regular  meetings  of  the  Association  are  held  at  the  Engineers' 
Club  of  Philadelphia,  1317  Spruce  Street,  on  the  First  Monday  in 
January,  April,  and  October,  the  last  being  the  Annual  Meeting. 

Portland,  Ore.,  Association,  Organized  1913- 

J.  P.  Xewell,  President;  J.  A.  Currey,  Secretary,  194  North  13th 
Street,  Portland,  Ore. 
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St.  Louis  Association,  Organized  1914- 

J.  A.  Ockerson,  President;  Gurdon  G.  Black,  Secretary-Treasurer, 
34  East  Grand  Avenue,  St.  Louis,  Mo. 

The  meetings  of  the  Association  are  held  at  the  Engineers'  Club 
Auditorium.  The  Annual  Meeting  is  held  on  the  fourth  Monday  in 
Novemher.  The  time  of  other  meetings  is  not  tixed,  but  this  informa- 
tion will  be  furnished  on  application  to  the  Secretary. 

San  Diego  Association,  Organized  1915. 

W.  J.  Gough,  President;  J.  R.  Comly,  Secretary-Treasurer,  4105 
Falcon  Street,  San  Diego,  Cal. 

Seattle  Association,  Organized  1913- 

Joseph  Jacobs,  President;  Carl  H.  Reeves,  Secretary-Treasurer,  444 
Henry  Building,  Seattle,  Wash. 

The  regular  meetings  of  the  Association  are  held  at  12.15  r.  m.,  on 
the  last  Monday  of  each  month,  at  The  Frye  Hotel. 

(Abstract  of  Minutes  of  Meeting) 

August  27th,  1917.— The  meeting  was  called  to  order  at  12.15  p.  m., 
at  the  Hotel  Frye;  President  Jacobs  in  the  chair;  O.  P.  M.  Goss 
acting  as  Secretary;  and  present,  also,  11  members. 

The  minutes  of  the  meeting  of  July  30th,  1917,  were  read  and 
approved. 

Mr.  John  L.  Hall  brought  up  the  question  of  the  payment  of  the 
express  charge  on  volumes  of  Transactions  presented  by  the  Society 
to  the  Library  of  the  Pacific  Northwest  Society  of  Engineers.  On 
motion,  duly  seconded,  it  was  voted  that  hereafter  the  Association 
should  pay  this  charge. 

Relative  to  a  committee  recently  appointed  by  the  Chamber  of 
Commerce  to  investigate  the  Seattle  Port  Commission  activities 
and  the  Port  of  Seattle,  President  Jacobs  expressed  regret  that,  con- 
sidering the  engineering  matters  involved,  no  engineer  had  been 
appointed  on  this  Committee,  and  suggested  that  the  Associated  Engi- 
neering Societies  call  the  attention  of  the  President  of  the  Chamber 
of  Commerce  to  this  matter.  After  discussion  by  Messrs.  Hussey, 
Grant,  and  Hall,  it  was  decided,  on  motion,  duly  seconded,  to  refer 
the  matter  to  the  Council  of  the  Associated  Engineering  Societies 
with  the  suggestion  that  it  take  any  action  thereon  which  it  may 
deem  advisable. 

Mr.  A.  H.  Fuller  presented  the  report  of  the  Committee  on  Rela- 
tions with  the  Parent  Society  to  which  had  been  submitted  the  report 
to  the  Board  of  Direction  of  the  Committee  on  relations  of  Local 
Associations  to  the  Society,  and,  after  brief  discussion,  it  was  decided, 
on  motion,  duly  seconded,  that  the  Committee  be  authorized  to  edit 
the  report,  and  that  President  Jacobs  should  then  forward  it  to  the 
Society  with  a  letter  setting  forth  arguments  in  favor  of  its  adoption.* 

Adjourned. 

Southern  California  Association,  Organized  1914- 

H.  Hawgood,  President;  Wilkie  Woodard,  Secretary,  114  West  51st 
St.,  Los  Angeles,  Cal. 

'■■■  See  page  587. 
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The  Soutlu'rii  California  Association  of  ^Icnibcrs  of  tlie  American 
Society  of  Oivil  Kntrineers  (Los  Anjreles,  Cal.)  holds  rofrular  bi-monthly 
nK»otin<;s,  with  banciuet,  at  Hotel  Clark,  on  the  second  Wednesday  of 
February,  Ai)ril,  June,  Aufiust,  October,  and  December,  the  last  being 
the  Annual  !^Ieetinf2:  of  the  Association. 

Informal  luncheons  are  held  at  12.15  P.  M.  every  Wednesday,  and 
the  ]ilace  of  meeting'  may  be  ascertained  from  the  Secretary-. 

'J'he  by-laws  of  the  Association  provide  for  the  extension,  of  hos- 
pitality to  any  member  of  the  Society  who  may  be  temporarily  in 
Los  Anp-eles.  and  any  such  member  will  be  gladly  welcomed  as  a 
guest  at  any  of  the  meetings  or  luncheons. 

Spokane  Association,  Organized    1914. 

J.  C.  Ivalston,  President;  B.  J.  Garnett,  Secretary,  City  Hall, 
Spokane,  Wash. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  each  month,  except  July  and  August.  The  hour  and  place 
of  meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
apiilication  to  the  Secretary. 

Visiting  members  are  invited  to  attend  the  meetings  and  luncheons. 

Texas  Association,  Organized  1913. 

John  B.  Ilawley,  President;  J.  F.  Witt,  Secretary,  Dallas,  Tex. 
Utah  Association,  Organized   1916. 

George  L.  Swendsen,  President;  H.  S.  Kleinschmidt,  Secretary- 
Treasurer,  30G  Dooly  Building,  Salt  Lake  City,  Utah. 

The  Annual  fleeting  of  the  Association  is  held  on  the  first  Wednes- 
day in  April.  The  time  of  other  meetings  is  not  fixed,  but  this  informa- 
tion will  be  furnished  on  application  to  the  Secretary. 

MINUTES  OF  MEETINGS  OF 

SPECIAL  COMIMITTEES 

TO  REPORT  UPON  ENGINEERING  SUBJECTS 

Special  Committee  on  Materials  for  Road  Construction 

August  37th,  1917.— The  meeting  was  called  to  order  at  9.40  a.  m., 
at  tlie  House  of  the  Society.  Present,  George  W.  Tillson  (Chairman 
pi-o  tern.),  Charles  J.  Tilden,  and  Arthur  H.  Blanchard   (Secretary). 

The  minutes  of  the  meeting  of  July  9th,  1917,  were  read  and 
approved. 

On  motion,  duly  seconded,  it  was  agreed  that  the  section  of  the 
1918  lieport  covering  Definitions  shall  consist  of  the  list  of  definitions 
contained  in  the  1915  lieport  as  amended  at  this  meeting. 

On  motion,  duly  seconded,  it  was  ordered  that  each  Sub-Committee 
shall  forward,  on  or  before  October  1st,  1917,  to  each  member  of  the 
Connnittee,  a  copy  of  the  final  draft  of  its  report,  the  Secretary  to 
receive  two  copies  of  each  report. 

On  motion,  duly  seconded,  it  was  decided  that  the  next  meeting 
of  the  Committee  shall  be  held  at  9.30  a.  m.,  on  October  15th,  1917, 
at  the  House  of  the  Society. 

On  motion,  duly  seconded,  it  was  agreed  that  a  meeting  of  the 
Committee  be  held  at  9.30  a.  m.  on  October  22d,  1917,  at  the  House 
of  the  Society. 
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Oil  motion,  duly  seconded,  it  was  decided  that  the  order  of  the 
day  at  the  meetings  of  October  15th  and  22d,  1917,  be  the  final  reports 
of  the  several  Sub-Committees. 

PRIVILEGES   OF   ENGINEERING   SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN   SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms,  and  at  all  meetings : 

American  Institute  of  Electrical  Engineers,  25  West  Thirty- 
ninth  Street,  New  York  City. 

American  Institute  of  Mining  Engineers,  25  West  Thirty-ninth 
Street,  New  York  City. 

American  Society  of  Mechanical  Engineers,  25  West  Thirty-ninth 
Street.  New  York  City. 

Assogiacao  dos   Engenheiros  Civis    Portuguezes,  Lisbon,  Portugal. 

Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 
Australia. 

Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 
Mass. 

Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 

Canadian  Society  of  Civil  Engineers,  176  Mansfield  Street,  Mon- 
treal, Que.,  Canada. 

Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 

Cleveland  Engineering  Society,  Chamber  of  Commerce  Building, 
Cleveland,  Ohio. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 

Dansk  Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 

Detroit  Engineering  Society,  46  Grand  River  Avenue,  West, 
Detroit,  Mich. 

Engineering  Association  of  Nashville,  Commercial  Club  Building, 
Nashville,  Tenn. 

Engineers  and  Architects  Club  of  Louisville,  1412  Starks  Build- 
ing, Louisville,  Ky. 

Engineers'  Club  of  Baltimore,  6  West  Eager  Street,  Baltimore,  Md. 

Engineers'  Club  of  Kansas  City,  E.  B.  Murray,  Secretary,  920  Wal- 
nut Street,  Kansas  City,  Mo. 

Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minne- 
apolis, Minn. 

Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadel- 
phia, Pa. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 
Canada. 
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Enjjineers'   Club   of   Trenton,   Trent  Theatre  Building,   12   North 

Warren  Street.  Trenton,  N.  J. 
Engineers'  Society  of  Northeastern  Pennsylvania,  415  Washing- 
ton Avenue,  Scranton,  Pa. 
Engineers'    Society    of    Pennsylvania,    31    South    Front    Street, 

Harrisbnrg,  Pa. 
Engineers'  Society  of  Western  Pennsylvania,  568  Union  Arcade 

Building.  Pittsburgh,  Pa. 
Florida  Engineering  Society,  J.  11.  Benton,  Secretary,  Gainesville, 

Fla. 
Institute  of   Marine   Engineers,   The  Minories,  Tower  Hill,  Lon- 
don, E.,  England. 
Institution  of  Civil  Engineers,  Great  George  Street,  Westminster, 

S.  W.,  London,  England. 
Institution  of  Engineers  of  the  River  Plate,  Calle  25  de  Mayo  195, 

Buenos  Aires,  Argentine  Eepublic. 
Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 

England. 
Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 

S.  W.,  London,  England. 
Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 
Louisiana  Engineering  Society,  State  Museum  Building,  Chartres 

and  St.  Ann  Streets,  New  Orleans,  La. 
Memphis   Engineers'  Club,  Memphis,  Tenn. 
Midland   Institute  of  Mining,   Civil   and  Mechanical   Engineers, 

Sheffield,  England. 
Montana  Society  of  Engineers,  Butte,  Mont. 
North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 

Neweastle-upon-Tyne,  England. 
Oregon  Society  of  Civil  Engineers,  Portland,  Ore. 
Pacific   Northwest   Society   of   Engineers,    803  Central  Building, 

Seattle,  Wash. 
Rochester  Engineering  Society,  Rochester,  N.  Y. 
Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 
Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 
Societe  des  Ingenieurs  Civils  de  France,  19  rue  Blanche,  Paris, 

France. 
Society   of    Engineers,    IT  Victoria   Street,   Westminster,   S.   W., 

London,  England. 
Svenska    Teknologforeningen,    Brunkebergstorg    18,    Stockholm, 

Sweden. 
Tekniske  Forening,  Vestrc  Boulevard  18-1,  Copenhagen,  Denmark. 
Vermont    Society    of    Engineers,    George    A.    Reed,    Secretary, 

Montpelier,  Vt. 
Western    Society    of    Engineers,     1735    Monadnock    Block,    Chi- 
cago, 111. 
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ACCESSIONS  TO  THE 
UNITED  ENGINEERING  SOCIETY   LIBRARY 

(From  August  10th  to  October  1st,  1917) 

DONATIONS* 

The  statements  made  in  these  notices  are  taken  directly  from  the  books 
themselves,  and  this  Society  is  not  responsible  for  them. 

A  TEXT-BOOK  ON  ROOFS  AND  BRIDGES: 

Part  II,  Graphic  Statics.  By  Mansfield  Merriman  and  Henry  S. 

Jacoby.     4th  ed.,  rev.  and  enL  N.  Y.,  John  Wiley  &  Sons,  Inc.;  Lond., 

Chapman  &  Hall,  Ltd.,  1917.  lU  -f  294  pp.,  162  illus.,  C  pi.,  9x6  in., 
cloth.     $2.50. 

In  addition  to  a  revision  and  rewriting  of  the  third  edition,  three  new  chapters, 
on  Influence  Lines  for  Stresses,  Deflection  Influence  Lines,  and  Reference  Literature 
of  Graphics,  have  been  added.  The  boolv  contains  sixty-two  more  pages  than  the  third 
edition,  and  twenty-four  additional  drawings. 

ELECTRICAL   MEASUREMENTS. 

Bv  Frank  A.  Laws.  N.  Y.,  McGraw-Hill  Book  Co.,  Inc.;  Lond., 
Hill  Publishing  Co.,  Ltd.,  1917.  13  +  719  pp.,  442  illus.,  8x6  in., 
cloth.     $5.00. 

This  booli  is  a  general  treatment  of  the  subject,  based  on  the  author's  experience 
at  the  Massachusetts  Institute  of  Technology,  which  emphasizes  matters  of  Importance 
to  the  student  of  electrical  engineering.  Intended  as  a  general  reference  work  as  well 
as  a  text  for  students.  References  to  more  detailed  discussions  of  the  various  methods 
are  appended  to  each  chapter. 

THEORY    AND   CALCULATIONS   OF    ELECTRICAL    APPARATUS. 

By  Charles  Proteus  Steinmetz.  N.  Y.,  McGraw-Hill  Book  Co., 
Inc. ;  Lond.,  Hill  Publishing  Co.,  Ltd.,  1917.  22  +  480  pp.,  227  illus., 
9x6  in.,  cloth.     $4.00. 

The  author  discusses  the  most  important  characteristics  of  the  numerous  types 
of  apparatus  which  have  been  devised  and  have  found  their  place  in  the  theory  of 
electrical  engineering.  The  work  is  a  continuation,  or  rather  a  part  of,  his  "Theory 
and  Calculation  of  Alternating  Current  Phenomena."  The  matter  appearing  in 
earlier  editions  of  that  work  has  now  been  expanded  and  distributed  into  three 
volumes  :  "Alternating  Current  Phenomena",  "Electric  Circuits",  and  "Electrical 
Apparatus."  Contents :  Speed  Control  of  Induction  Motors  ;  Multiple  Squirrel  Cage 
Induction  Motor  ;  Concatenation  ;  Induction  Motor  with  Secondary  Excitation  ;  Single- 
Phase  Induction  Motor  ;  Induction  Motor  Regulation  and  Stability  ;  Higher  Harmonics 
in  Induction  Motors  ;  Synchronizing  Induction  Motors  ;  Synchronous  Induction  Motor  ; 
Hysteresis  Motor  ;  Rotary  Terminal  Single-Phase  Induction  Motors  ;  Frequency  Con- 
verter or  General  Alternating  Current  Transformer  :  Synchronous  Induction  Generator  ; 
Phase  Conversion  and  Single-Phase  Generation  ;  Synchronous  Rectifiers  ;  Reaction 
Machines  ;  Inductor  Machines  ;  Surging  or  Synchronous  Motors  ;  Alternating  Current 
Motors  in  General  ;  Single-Phase  Commutator  Motors ;  Regulating  Pole  Converter ; 
Unipolar  Machines;  Review;  Conclusion. 

ELECTRICAL  MACHINERY: 

Principles,  Operation,  and  Management.  By  Terrell  Croft.  N.  Y., 
McGraw-Hill  Book  Co.,  Inc.;  Lond..  Hill  Publishing  Co.,  Ltd.,  1917. 
318  pp.,  302  illus.,  8x6  in.,  cloth.     $2.00. 

The  author  believes  that  there  are  certain  things  which  the  average  man  should 
know  and  that  these  may  be  presented  without  the  use  of  difficult  mathematics.  In 
his  book,  he  has  tried  to  explain  the  theoretical  principles,  operation,  and  management 
of  electric  generators,  motors,  etc.,  in  a  way  which  will  be  useful  to  those  engaged  in 
practical  electrical  work. 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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PRACTICAL   WIRELESS  TELEGRAPHY: 

A  (.'()iiii)lote  Text  Book  for  Stiidonts  of  Radio  Communication. 
By  Elnun-  K.  Biicher.  N.  Y.,  Wireless  Press,  Inc.  (copyright  1917). 
322  pp.,  323  illus.,  9x6  in.,  cloth.     $1.50. 

After  an  exposition  of  those  fundamentals  of  electricity  which  the  telegraphist 
should  know,  the  book  describes  the  circuits  of  practical  wireless  sets  and  explains 
the  basic  principles  of  the  apparatus  associated  with  thcni.  The  author  has  chosen  for 
description  that  apparatus  which  is  most  widely  in  commercial  use. 

STANDARD   TABLE  OF   ELECTROCHEMICAL   EQUIVALENTS 

And  Their  Derivatives,  with  Explanatory  Text  on  Electrochemical 
Calculations,  Solutions  of  Typical  Practical  Examples  and  Introduc- 
tory Notes  on  Electrochemistry.  By  Carl  Hering:  and  Frederick  H. 
Getmau.  N.  Y.,  D.  Van  Xostrand  Co.,  1917.  10  +  130  pp.,  8  illus., 
7x4  in.,  leather.     $2.00. 

Intended  to  provide  a  table  of  constants,  based  on  the  latest  and  best  fundamental 
values,  for  calculating  the  amounts  of  substances  clertrnlytically  deposited,  dissolved 
or  otherwise  chemically  changed  by  an  electric  current. 

THE  ELECTRON: 

Its  Isolation  and  Measurement  and  the  Determination  of  Some  of 
Its  Properties.  By  Kohert  Andrew  Millikan.  Chicago, '  The  Uni- 
.versity  of  Chicago  Press  (copyright  1917).  12  -f-  261  pp.,  33  illus., 
8x5  in.,  cloth.     $1.50. 

Written  to  present  the  evidence  for  the  atomic  structure  of  electricity,  to  describe 
some  of  the  most  significant  properties  of  the  elementary  electrical  unit,  and  to  discuss 
the  bearing  of  these  properties  on  the  structure  of  the  atom  and  the  nature  of  electro- 
magnetic radiation.  Based  on  the  author's  researches  in  the  Ryerson  Laboratory,  but 
includes  a  review  of  the  work  of  former  and  contemporary  investigators. 

THE   FLVINQ  BOOK,    I<^17. 

Edited  hy  W.  L.  Wade.  N.  Y.  and  Lond.,  Longmans,  Green  and 
Co.;  Lond.,  The  Aviation  World  Puhlishing  Co.,  Ltd.,  1917.  291  pp., 
165  illus.,  6  pi.,  9x6  in.,  boards.     $1.25. 

The  subject  matter  is  divided  into  three  parts.  Part  1  includes  a  number  of  brief 
articles  on  the  design,  control,  and  use  of  airplanes  and  engines  ;  the  present  flight 
records  ;  and  alphabetical  lists,  with  silhouettes  and  brief  descriptions  of  engines,  air- 
planes of  to-day  and  airplanes  of  historic  interest.  Part  2  contains  directories  of 
aeronautical  societies  and  of  British,  American.  French,  and  Italian  firms  ;  and  a 
biographical  dictionary  of  aviators  and  manufacturers.  Part  3,  on  militarj'  and  naval 
aviation,  includes  the  British  honor  list  for  lOlG  ;  a  record  of  the  work  of  the  Zeppelin  ; 
and  a  diary  of  the  events  of  1916.  A  list  of  aeronautical  publications,  a  glossary  of 
terms,  and  various  tables  complete  this  handbook. 

MODERN   MACHINE   SHOP: 

Construction,  Equipment,  and  Management;  A  Comprehensive  and 
Practical  Treatise  on  the  Economical  Building,  the  Efficient  Equip- 
ment, and  Successful  Management  of  the  Modern  Machine  Shop  and 
Manufacturing  Estahli.'^hment.  A  W^ork  for  the  Architect.  Engineer, 
Manufacturer,  Director,  Officer,  Accountant,  Superintendent,  and 
Foreman.  By  Oscar  E.  Perrigo.  2d  ed.,  rev.  and  enl.  N.  Y.,  The 
Norman  W.  Henley  l^,l)lislling  Co.,  1917.  38-t  pp.,  219  illus.,  9x6  in., 
cloth.     $5.00. 

Four  new  chapters  have  been  added  to  this  edition,  treating  of  new  developments 
in  shop  management.  These  deal  with  methods  of  increasing  the  efBciency  of  men  and 
machines,  with  the  relation  of  the  overhead  burden  to  the  flat  cost,  and  with  manufac- 
turing cost  systems. 
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THE  PRINCIPLES  OF  IRON  FOUNDING. 

By  Richard  Moldenke.  N.  Y.,  McGraw-Hill  Book  Co.,  Inc.; 
Loud.,  Hill  Publishing  Co.,  Ltd.,  1917.  10  +  517  pp.,  45  illus., 
9x6  in.,  cloth.     $4.00. 

The  principles  underlying  all  the  processes  involved  in  the  art  of  iron  founding 
are  given,  together  with  an  attempt  to  elucidate  them,  in  the  light  of  present  metal- 
lurgical knowledge.  Contents  :  Introduction  ;  Industrial  Status  of  the  Foundry  ;  Foundry 
Organization  ;  Outline  of  Iron  Metallurgy  ;  Outline  of  Iron-Making  Processes  ;  Proper- 
ties of  Cast  Iron  ;  Classification  of  Castings  ;  Foundry  Raw  Materials  ;  The  Technology 
of  Combustion  ;  Melting  Processes  ;  Mixture-Making  ;  Testing  of  Cast  Iron  ;  Glossary  of 
Foundry  Terms  ;  Appendix. 

MILITARY   PREPAREDNESS  AND  THE   ENGINEER: 

A  Handbook  for  the  Civilian  Engineer.  By  Ernest  E.  Robinson. 
2d  ed.  N.  Y..  The  Clark  Book  Co.,  1917.  244  +  361  pp.,  132  illus., 
7x4  in.,  leather.     $2.00. 

Written  to  place  before  the  engineers  of  America  as  accurate  an  idea  as  possible  of 
the  opportunities  and  limitations  that  will  confront  the  civilian  engineer  who  is  called 
to  the  colors,  and  to  present  the  salient  points  of  military  engineering  in  the  language 
with  which  he  is  familiar.  This  edition  has  been  revised  in  the  light  of  recent 
European  experience,  and  considerable  new  matter  has  been  added  on  field  fortifica- 
tions, wire  entanglements,  and  the  organization  of  captured  positions. 

WHAT  A  GEOLOGIST  CAN  DO  IN  WAR. 

Prepared,  by  R.  A.  F.  Penrose,  Jr..  for  the  Geological  Committee 
of  the  National  Research  Council.  Philadelphia,  J.  B.  Lippincott 
Co.,  1917.     28  pp.,  6x4  in.,  cloth.     (Gift  of  the  author.) 

Suggests  the  services  which  the  geologist  can  render  in  the  selection  of  camp 
sites,  ground  for  artillery  positions,  trench  and  tunnel  locations,  and  other  military 
operations. 

THE  IRON  ORES  OF  LAKE  SUPERIOR: 

Containing  Some  Facts  of  Interest  Relating  to  Mining  and  Ship- 
ping of  the  Ore  and  Location  of  Principal  Mines.  By  Crowell  and 
Murray.  3d  ed.,  with  Original  Maps  of  the  Ranges.  Cleveland,  The 
Penton  Press  Co.,  1917.  316  pp.,  7  illus.,  13  maps,  9x6  in.,  cloth. 
(Gift  of  the  authors.) 

Contents  :  Early  History  of  the  Lake  Superior  Region  ;  Geology  ;  Mineralogy  ;  Pro- 
duction of  Ore  ;  Dock  Equipment :  Classification  of  Lake  Superior  Iron  Ores  ;  Valua- 
tion of  Lake  Superior  Iron  Ores  ;  Beneficiation  of  Ores  :  Methods  of  Analysis  ;  Geology 
of  the  Wakefield  Area  of  the  Eastern  Gogebic  ;  Progress  of  Development  of  the  Cuyuna 
Range  ;  Description  of  Mines  and  Ores  with  Maps  ;  Index  to  Mines  and  Ores. 

UTILIZATION  OF  PYRITE  OCCURRING   IN  ILLINOIS  BITUMINOUS  COAL. 

By  E.  A.  Holbrook.  (University  of  Illinois  Bulletin,  Vol.  14,  No. 
51,  August  20th,  1917.)  Urbana,  University  of  Illinois,  1917.  46  pp., 
14  fig.,  9x6  in.,  pap.     20  cents. 

This  pamphlet,  which  is  Circular  No.  5  of  the  Engineering  Experiment  Station,  is 
an  outline  of  laboratory  experiments  performed  on  a  commercial  scale  in  the  Mining 
Laboratory  of  the  University  with  a  view  to  developing  a  simple  process  for  the 
economic  recovery  of  the  pyrite  occurring  with  this  coal  and  now  commonly  rejected 
as  worthless.  Plans  of  a  suitable  plant  and  estimates  of  its  construction  and  operating 
costs  are  given,  together  with  a  description  of  the  tests  which  led  to  its  design.  The 
author  is  convinced  that  the  process  is  commercially  feasible. 

THE  COMPOSITION  OF  TECHNICAL  PAPERS. 

Bv  Homer  Andrew  Watt.  N.  Y.,  McGraw-Hill  Book  Co.,  Inc.; 
Loud",  Hill  Publishing  Co.,  Ltd.,  1917.  13  +  431  pp.,  41  illus.,  8x5 
in.,  cloth.     $1.50. 

This  book  is  a  systematic  text-book  of  English  composition,  and  is  intended  to 
prepare  the  engineering  student  to  write  successfully  such  papers  as  his  vocation  will 
demand  of  him.  It  includes  numerous  examples  of  descriptive  articles,  expositions  of 
processes  and  ideas,  reports,  and  letters. 
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ORGANISATION  PHYSIOLOOIQUE  DU  TRAVAI!.. 

Par  Jules  Araar.  Pn'tace  de  Henry  Lc  Chatclier.  I'aris,  H.  Dunod 
et  E.  Pinat,  1917.     12  -|-  374  pp.,  134  ilhis.,  10  x  7  in.,  pap.     18  francs. 

Written,  the  author  states,  "to  assist  the  organization  of  labor  according  to 
national  laws,  the  assignment  to  each  of  his  true  function  in  the  social  machine,  the 
collaboration  of  the  sound  and  the  mutilated  man  in  the  work  of  to-morrow,  to  formu- 
late in  a  few  words  the  doctrine  of  the  maximum  utilization  of  the  physical  and 
psychical  forces,  without  neglecting  the  moral  factor."  Describes  the  methods  used  in 
physiological  laboratories  to  measure  work  and  discusses  the  practical  applications  of 
the  results  In  such  systems  as  the  Taylor  system.  One-third  of  the  work  discusses 
the  re-education  of  the  mutilated. 

THE   APPLICATION   OF   EFFICIENCY    PRINCIPLES. 

By  George  H.  Shepard.  N.  Y.,  The  Engineering  Magazine  Co., 
1917.     10  +  368  pp.,  7  diagrams,  9x6  in.,  cloth.     $3.00. 

Takes  Harrington  Emerson's  statement  of  these  principles  and  attempts  to  show 
bow  each  can  be  practically  applied.  Illustrations  from  various  fields  of  industry 
are  given  to  show  the  operation  of  each  principle.  An  endeavor  has  been  made  to 
strike  a  mean  between  a  theoretical  consideration  of  efficiency  and  a  description  of  its 
application  to  one  specific  industry. 

CORPORATE   ORGANIZATION    AND   MANAGEMENT. 

By  Thomas  Conyngton.  Eevised  by  H.  Potter.  N.  Y.,  The  Eonald 
Press  Co.,  1917.     26  +  778  pp.,  9x6  in.,  cloth.     $5.00. 

A  combination  of  the  author's  former  books,  "Corporate  Management"  and  "Cor- 
porate Organization",  in  which  duplicated  material  has  been  deleted  and  the  remain- 
ing matter  thoroughly  modernized.  Intended  to  furnish  a  convenient  manual  of  corpo- 
ration law  and  procedure  for  lawyers,  corporation  officials,  and  business  men. 

BUSINESS  STATISTICS. 

Edited  by  Melvin  T.  Copeland.  Cambridge,  Harvard  University 
Press;  Lond.,  Humphrey  Milford,  Oxford  University  Press,  1917. 
12  +  696  pp.,  3  diagrams,  9x6  in.,  cloth.     $3.75. 

A  collection  of  articles,  illustrating  the  methods  of  collecting,  presenting,  and 
using  statistics  relating  to  mercantile  and  manufacturing  businesses,  prepared 
primarily  for  purposes  of  instruction  in  the  Harvard  Graduate  School  of  Business 
Administration.  Contents  :  Statistical  Methods  ;  Statistical  Indices  of  Business  Con- 
ditions ;  Sales  and  Advertising  Statistics  ;  Factory  Statistics  ;  Statistics  for  the  Chief 
Executive. 

IS  CIVILIZATION  A   DISEASE? 

By  Stanton  Coit.  Bost.  and  N.  Y.,  Houghton-Mifflin  Co.;  The 
Riverside  Press,  Cambridge,  1917.  130  pp.,  7  x  5  in.,  cloth.  (Gift  of 
the  University  of  California  Press.) 

One  of  a  series  of  essays  on  various  phases  of  the  moral  law  in  its  bearing  on 
business  life  under  the  new  economic  order,  delivered  at  the  University  of  California 
and  known  as  the  Barbara  Weinstock  Lectures  on  the  Morals  of  Trade. 

BUSINESS  LAW   FJ9R   ENGINEERS. 

By  C.  Frank  Allen.  Part  1,  Elements  of  Law  for  Engineers;  Part 
II,  Contract  Letting.  N.  Y.,  McGraw-Hill  Book  Co.,  Inc.;  Lond., 
Hill  Publishing  Co.,  Ltd.,  1917.     431  pp.,  9x6  in.,  cloth.     $3.00. 

The  purpose  of  the  book  Is  to  give  the  engineer  a  sufficient  understanding  of 
important  fundamental  features  of  law,  so  that  he  may  have  some  idea  of  when  or 
how  to  act  himself  and  when  to  seek  expert  advice.  The  author  has  had  experience  as 
a  civil  engineer  and  has  also  practised  law. 
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RESEARCHES    OF    THE    DEPARTMENT    OF    TERRESTRIAL   MAGNETISM. 

Volume  111:  Ocean  ^Magnetic  Observations,  lUOo-lDlG;  and  Reports 
on  Special  Researches.  By  L.  A.  Bauer,  with  the  Collaboration  of 
W.  J.  Peters,  J.  A.  Fleming,  J.  P.  Ault,  and  W.  F.  G.  Swann.  Wash- 
ington, Carnegie  Institution  of  vVashington,  1917.  447  pp.,  11  x  9  in., 
pap.     $10.00. 

This  volume  presents  the  final  results  of  the  observations  made  aboard  the  Galilee 
and  the  Carnegie  during  the  period  designated.  The  special  reports  relate  to  atmos- 
pheric-electric observations,  and  to  some  discussions  of  the  ocean  magnetic  work.  The 
book  is  the  third  of  the  series  of  "Researches  of  the  Department  of  Terrestrial  Mag- 
netism" published  by  the  Carnegie  Institution,  the  former  two  volumes  of  which 
treated  of  land  magnetic  observation. 

OFFICIAL  AUTOMOBILE   BLUE  BOOK   1917: 

Standard  Road  Guide  of  America :  Volume  A,  New  York  City  and 
the  Metropolitan  District  Embracing  a  Radius  of  100  Miles  from 
Columbus  Circle.  N.  Y.,  Chicago,  San  Francisco,  The  Automobile 
Blue  Book  Publishing  Co.  (copyright  1917).  624  pp.,  illus.,  1  map, 
9  X  5  in.,  leather.     $3.00. 

The  Blue  Books  cover  the  entire  United  States  and  Southern  Canada  in  eleven 
volumes  (see  insert  between  pages  160  and  161).  They  tell  tourists  where  to  go  and 
how  to  get  there,  giving  complete  maps  of  every  motor  road,  running  directions  at 
every  fork  and  turn,  with  mileages,  all  points  of  local  or  historical  interest.  State 
motor  laws,  hotel  and  garage  accommodations,  and  ferry  and  steamship  schedules  and 
rates. 

HISTORY  OF  TRANSPORTATION   IN  THE  UNITED   STATES   BEFORE    1860. 

Prepared,  Under  the  Direction  of  Balthasar  Henry  Meyer,  by  Caro- 
line E.  MacGill  and  a  Staff  of  Collaborators.  Washington,  Carnegie 
Institution,  1917.     11  -j-  •->78  pp.,  6  maps,  10  x  7  in.,  pap.     $6.50. 

The  Division  of  Transportation  in  the  Department  of  Economics  and  Sociology  of 
the  Carnegie  Institution  of  Washington  presents  this  study  of  early  American  roads, 
railroads,  and  waterways  as  a  contribution  to  American  economic  history,  not  as  a 
completed  study.  An  extensive  bibliography  is  included,  as  well  as  colored  maps  show- 
ing the  railroads  in  1840,  1850,  and  1860,  present  and  abandoned  canals,  and  the 
navigable  rivers. 

RAILROAD  CONSTRUCTION: 

Theory  and  Practice;  A  Text-Book  for  the  Use  of  Students  in 
Colleges  and  Technical  Schools,  and  a  Hand-Book  for  the  Use  of  Engi- 
neers in  Field  and  Office.  By  Walter  Loring  Webb.  6th.  ed.,  rev.  and 
enl.  N.  Y.,  John  Wiley  &  Sons,  Inc. ;  Lond.,  Chapman  &  Hall,  Ltd., 
1917.     15  +  831  pp.,  218  illus.,  7x4  in.,  cloth.     $4.00. 

The  revision  of  the  fifth  edition  has  been  so  extensive  that  it  has  almost  amounted 
to  a  rewriting  of  the  book,  comparatively  few  pages  have  not  been  changed.  The  work 
of  the  committees  of  the  American  Railway  Engineering  Association  has  been  followed 
throughout,  and  considerable  new  matter  on  railroad  surveys  and  the  handling  of  sur- 
veying parties  has  been  added. 

SHAPE  BOOK: 

Containing  Profiles,  Tables,  and  Data  Appertaining  to  the  Shapes, 
Plates,  Bars,  Rails,  and  Track  Accessories  Manufactured  by  the  Car- 
negie Steel  Company.  Pittsburgh  (copyright  1917).  352  pp.,  270  illus., 
8x5  in.,  leather.     $1.00. 

TEXT=BOOK  OF  THE  MATERIALS  OF  ENGINEERING. 

By  Herbert  F.  Moore.  N.  Y.,  McGraw-Hill  Book  Co.,  Inc. ;  Lond., 
Hill  Publishing  Co.,  Ltd.,  1917.  10  -f  204  pp.,  69  illus.,  1  pi.,  9x6  in., 
cloth.     $2.00. 

The  author  presents  herein  a  concise  presentation  of  the  physical  properties  of  the 
common  materials  used  in  structures  and  machines,  accompanied  by  brief  descriptions 
of  their  manufacture  and  fabrication.  The  book  is  distinctly  elementary  in  character. 
References  to  sources  of  additional  information  are  included  in  each  chapter. 
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PARALUni,  TABLES  OF  SLOPES  AND  RISES: 

III  Coiiiliiiiatiou  witli  1  )i;ij;r:uiis  ot'  Sl<)[)c's  iiiid  Rises  and  Otliei' 
Tables  for  liridj^e  and  Structural  Enj>inoers,  Draftsmen,  Checkers, 
Templet  ^Fakers.  Builders,  and  Vocational  Schools.  By  Constantine 
K.  Snioley.  N.  Y.  and  Lond.,  :\reGra\v-IIill  Book  Co.,  1917.  34  +  330 
pp.,  33  illus.,  8  pi.,  7x5  in.,  leather.     $4.00. 

Essentially  an  extension  ot  Smoley's  "Tables",  this  boolt  consists  of  reprints  from 
that  volume,  together  with  tables  of  slopes  and  rises.  It  differs  from  the  former  work, 
which  is  In  the  nature  of  a  general  i-aJcuIator.  in  being  concerned  only  with  the  solu- 
tion of  right  triangles  when  one  side  and  the  bevel  of  the  hypotenuse  are  known.  It 
enables  the  calculator  readily  to  determine  the  dimensions  and  bevels  of  the  members 
of  a  structure,  and  also  to  lay  out  the  joints  and  determine  the  dimensions  of  the 
material. 

HANDBOOK  OF  CLEARING  AND  GRUBBING: 

.Methods  and  Cost.  By  Ilalbert  Powers  Gillette.  N.  Y.,  Clark 
Book  Co.,  Inc.,  1917.     240  pp.,  07  illus.,  7x5  in.,  cloth.     $2.50. 

This  book  contains  a  general  review  of  all  the  methods,  compiled  from  State  and 
Federal  bulletins,  periodicals,  and  personal  experience.  Gives  costs  in  detail  whenever 
possible. 

TIMBER   FRAMING. 

By  Henry  D.  Dewell.  San  Francisco,  Dewey  Publishing  Co., 
1917.'  275  pp..  112  illus.,  9x0  in.,  cloth.  $2.00.  (Gift  of  the  Mining 
and  Scientific  Press.) 

The  author  presents  the  result  of  eleven  years'  experience  in  the  design  and  super- 
intendence of  timber  construction.  The  book  is  intended  to  supplement  standard 
text-books  on  the  subject  by  bringing  into  correlation  drafting-room  design  and  require- 
ments of  the  tleld.  The  subject-matter  was  published  originally  in  Western, Engineer- 
iiio.  but  has  been  revised  and  enlarged. 

EXAMINATION   OF   WATER: 

Chemical  and  Bacteriological.  By  William  P.  Mason.  5th  ed., 
rev.  N.  Y.,  John  Wiley  &  Sons,  Inc.;  Lond.,  Chapman  &  Hall,  Ltd., 
1917.     186  pp.,  9  illus.,  7  pi.,  8x5  in.,  cloth.     $1.25. 

The  various  methods  given  in  former  editions  have  been  replaced  by  others  more 
suited  to  modern  practice,  and  the  analytical  methods  have  been  harmonized  with  the 
recommendations  of  the  1917  Report  of  the  American  Public  Health  Association. 

ENGINEERING  FOR  MASONRY  DAMS. 

By  William  Pitcher  Creager.  IsT.  Y.,  John  Wiley  &  Sons,  Inc., 
Lond.,  Chapman  &  Hall,  Ltd.,  1917.  11  +  237  pp.,  88  illus.,  10  dia- 
grams, 9x6  in.,  cloth.     $2.50. 

Contents:  Investigations  and  Surveys;  The  Choice  of  Type  of  Dam:  Forces  Act- 
ing on  Dams  ;  Requirements  for  Stability  of  Gravity  Dams  ;  General  Equations  for 
Design  of  Gravity  Dams  ;  The  Design  of  Solid  Non-Overflow  Gravity  Dams  ;  The 
Design  of  Solid  Spillway  Gravity  Dams;  The  Design  of  Hollow  Dams;  The  Design  of 
Arch  Dams  ;  Preparation  and  Protection  of  the  Foundation  ;  Flood  Flows  ;  Details  and 
Accessories. 

THE  ELEMENTS  OF  HYDROLOGY. 

By  Adolph  F.  Meyer.  N.  Y.,  John  Wiley  &  Sons,  Inc.;  Lond., 
Chapman  &  Hall,  Ltd.,  1917.  12  +  487  pp.,  287  illus.,  2  diagrams,  3 
maps,  9x6  in.,  cloth.     $4.00. 

Intended  to  provide  engineers  with  a  clear  statement  of  the  most  important 
physical  bases  and  applications  of  the  fundamental  principles  underlying  the  science, 
rather  than  as  a  text  or  reference  book.  Contents:  Introduction;  The  Atmosphere: 
Its  Temperature,  Pressure,  and  Circulation;  Water:  Its  Various  States  and  Their 
Properties:  Precipitation:  Its  Occurrence  and  Distribution;  Evaporation  from  Water 
Surfaces;  Evaporation  from  Land  Areas;  Transpiration;  Deep  Seepage;  Run-off; 
Stream-Flow  Data;  Supplementing  Stream-Flow  Data;  Modification  of  Stream  Flow 
by  Storage  ;  Notes  to  Teachers  of  Hydrology  ;  Index. 
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ADDITIONS 


Date  of 


MEMBERS  ,,       .        ,  , 

Membership. 

Allan,  Frederick  William.     Gen.  Supt.,  Empire  Eng.  Cor- 
poration, Inc.,  1038  Marine  Bank  Bldg.,  Buffalo,  N.  Y.  Sept.    11,1917 

Bascome,    Western    Radford.     Asst.    to    Chf.  ^  Jun.  Dec.       3,  1891 

Engr.,   Dept.   of   Bridges,   41    Claremont   I  Assoc.  M.  May       5,   1897 

Ave.,  New  York  City ^  M.  Sept.    11,  1917 

Branch,  Lester  Van  Not.     Res.  Engr.,  U.  S.    )    Assoc.  M.  June      3,  1908 

Reclamation  Service,  Sherburne,  Mont.  .     [  M.  Sept.    11,  1917 

Christie,  Chester  de  Baun.     Erecting  Engr.,  Am.  Bridge 

Co.,  205  Wolvin  Bldg,  Duluth,  Minn Sept.    11,   1917 

CoNNELL,    William    Henry.     Eng.    Executive,  )     .  ^,  .      .,      ,,„,, 

Day    &    Zimmerman,    611    Chestnut    St.,  v  ,,  „^     ,,     ,„,_ 

Philadelphia,    Pa... (  ^-  ^ept.    11,1917 

Daily,    Cornelius   Mark.     Asst.    Engr.,    St.    Louis    Water 

Co.,  4240  Shaw  Ave.,  St.  Louis,  Mo Sept.    11,   1917 

Doeleman,   Herman    FRANgois.     Cons.    Engr.,  i    Assoc.  M.  June    24,  1914 

1101  American  Bldg.,  Baltimore,  Md \  M.  Sept.    11,   1917 

Drummond,   William   Worrell.     Civ.  Engr.  and  Supt.  of 
Constr.  with  U.  S.   War  Dept.,   Fort  H.   G.   Wright, 

N.   Y Sept.    11,   1917 

Gannett,    Farley.     Cons.    Engr.,    204    Locust  )    Assoc.  M.  April     4,   1906 

St.,    Harrisburg,    Pa f  M.  May     15,   1917 

Gemberling,  Joseph   Burton.     Mgr..   Eastern   Div.,   Erect- 
ing   Dept.,    Am.    Bridge    Co.,    1712    W^idener    Bldg., 

Philadelphia,    Pa Sept.    11,   1917 

Gladding,     James     Nickerson.     City     Engr.,  |    Assoc.  M.  Oct.     31,  1911 

City    Hall,    El    Paso,    Tex f  M.  Sept.    11,  1917 

GouGH,    William    Joseph.     Chf.     Engr.    and^ 

Supt.,  Los  Angeles  &   San  Diego  Beach   •    Assoc.  M.  Mar.      4,   1908 

Ry.,  346  West  Robinson  Ave.,  San  Diego,   f  M.  Sept.    11,  1917 

Cal.... J 

Greenwood,  Elmer  Ellsworth.     279  Madison  Ave.,  Skow- 

hegan,   Me May     15,   1917 

Hawley,    William    Everett.     Engr.,    Duluth,    Missabe    & 

North.  Ry.,  401  Wolvin  Bldg.,  Duluth,  Minn Sept.    11,  1917 

Hayden,  Arthur  Gunderson.     Bridge  Designer,  New  York 

State   Barge   Canal    Office,    820    Park   Ave.,    Albany, 

N.    Y Sept.    11,  1917 

Hoover,   Andrew    Pearson.     Associate,   E.    P.    )    ^  ,,  ,,  .    ^^^. 

'      .,  .  ,      r<  TP  OP1    13        1  r    Assoc.  M.  Mar.      4,  1914 

Goodrich     Cons.    Engr.,    261    Broadway,       ^  ^^^^ 

New  York   City )  ^ 
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MEMBERS    (Contimied)  Date  of 

Membership. 

Horner,  Wesley  Winans.     Enpr.  in  Chg.,  De-   j   Jan.  Sept.      1,  1908 

sign  of  Sewerage  and  Paving,  325   City   l  Assoc.  M.  April     4,   1911 

Hall,  St.  Louis,  Mo )  M.  Sept.    11,  1917 

HofSER,     Shaler     Cuarles.     Prof,     of     Eng.,  i    Assoc.  M.  Sept.     5,  1911 

Univ,  of  Alabama,  University,  Ala j    M.  Sept.    11,  1917 

Jones,  William   Nelson.     Chf.   Engr.,   Filter  ■\     .  ,,  _^      „,,„,, 

T^    -  ,  r.       *       ^u^     -17        >    r\cc        '   Assoc.  M.  Oct.     31,  1911 

Design  and  Constr.,   Cit\'  J'^n^r.  s  Office, 


,.       -,.                                                .    M.  Sept.  11,   1917 

Minneapolis,    Mum \ 

Joy,  Frederick  Merkkk.  Chf.  Engr.,  Land  Dept.,  Tennes- 
see Coal.  Iron  &  E.  R.  Co.,  1250  Brown  Marx  Bldg., 

Birmingiiam,    Ala Mar.  13,  1917 

Kauffmann,  Charles  Emil.     46  South  Prado,  Atlanta,  Ga.  Sept.  11,  1917 

La    Du,    Dwight    B.     Special    Deputy    State   |    Assoc.  M.  Sept.  3,  1912 

Engr.,  Barge  Canal  Office,  Albany,  N.  Y.   [  M.  Sept.  11,   1917 

LocKwooD,     Richard     John.     Vice-Pres.     and   ),           ^^  -ht  oi/Mr. 

^         ,,           .      ,     ,  .     ,      -KT     X,      -r.     -r,      /  Assoc  M.  May  3,  1910 

Gen.   Mgr.,   Apalachicola    North.    R.   R.,   l  ,^  c    \^  -, -,     -.r..^ 

T>     ^  ox    T        T71                                                     ^^-  Sept.  11,  1917 

Port  St.  Joe,  Fla )  ' 

Lytei.,  James  Leonard.     Project  Mgr.,  U.   S.   )   Assoc.  M.  Jan.  4,  1905 

Reclamation  Service,  Provo,  Utah [  M.  Sept.  11,  1917 

McGlashan,  Harry  Detoe.     Dist.  Engr.,  U.  S.  S    .           ^r  /^  .  o,    ■,f^■,■, 

^     ,     .     ,    ^               „^^    r.     J.        -TT            I  Assoc.  M.  Oct.  31,  1911 

Geological    Survev,    328    Custom   House,   y  o     ^  n     im-r 

r.        ^        ■          A  1                                        i  ^^-  Sept.  11,  1917 

San   Francisco,   Cal ) 

Mansfield,  Newton.  Lt.-Commander,  U.  S.  Navy  (Re- 
tired), U.  S.  Naval  Recruiting  Station,  Anchor  Bank 

Bldg.,    Pittsburgh.    Pa Sept.  11,   1917 

Martin,   Lewis   M.     Dist.    Engr.,    Iowa    State  )   Assoc.  M.  Oct.  7,  1914 

Highway  Comm.,  Atlantic,  Iowa ("  M.  Sept.  11,  1917 

Merrill,    Robert    Hall.     Asst.    Engr.,    Barge   j  Jun.  May  3,  1904 

Canal  Office   (Res.,  70  North  Allen  St.),   (.  Assoc.  M.  May  28,  1912 

Albany,  N.  Y....' )   M.  Sept.  11     1917 

Pierce,    Charles   Henry.     Dist.   Engr.,   U.    S.   )    .           ^r  *      -i  .^r^    imo 

!-.,.,   r,              ^,     i        TT           Tm        f   Assoc.  M.  April  30,   1912 

Geological  Survey,  Custom  House  Bldg.,   v  ,,  oi.nTr.i-T 

^                   •'                                      ^     r  M.  Sept.  11,  1917 

Boston.   Mass ) 

Powell,  Herbert  James  Bingham.     75  Belsize  Park  Gar- 

den.s,  London,  N.  W.,  England Sept.  11,  1917 

Randolph.       Richard       Wood.     Eiigr.-in Chf.,   )                ,t  r^  n    ,f^^r^ 
T  ,.      ■    o     .-          o      u         TT     1          r.        f    Assoc.  M.  Dec.  6,   1910 
I-Kwei    Section.    Szechuen-Hankow    Ky.,   y  ,^    ,,^,- 
.„       ,    '  „  .                                            r  ^I.  June  12,   1917 
Ichang,  Hueph,  China ) 

KoRKKis.  '1  iiKoDO!!!-;  CHARLES,     llotcl  Cumberland,  New  York 

City Sept.  11,   1917 

Shikles,  James  Wallace.  Field  Engr.,  Div.  of  Valua- 
tion,   Interstate    Commerce    Comm.,    510    North    5th 

Ave.,  La  Grange,  111 Sept.  11,  1917 

Slssoeff,     Sergei     Nicolaevitch.     1     Matweewskaja     St., 

Petrograd,   Russia Mar.  13,  1917 
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Syrett.   Waltkk  Sutton.     Pres.,  Walter  S.   Syrett  &   Co., 

72  West  Adams  St.,  Chicago,  111 Sept.    II,  1917 

TiBBETTS,  Frewekick  HORACE.      (Ilavlland,  Do-   \  Jun.  May       1,  1906 

zier  &  Tibbetts),   1320  Alaska  Commer-   I  Assoc.  M.  April     6,  1909 

cial  Bldg.,  San  Francisco,  Cal )   M.  Sept.    11,  1917 

ASSOCIATE    ]\[EMBERS 

AspLtiNDH,  Edwin  Theodore.     Capt.,  103d  Reg.,  Engrs.,  28th 

Div.,  Camp  Hancock,  Augusta,  Ga Sept.    11,  1917 

Barker,  Charles  Robert.     Engr.,  National   Board  of  Fire 

Underwriters,   174  Auburn  St.,  Auburndale,  Mass...      Sept.    11,   1917 

BAScoir,  George  Rockwell.  Asst.  Prof.,  Municipal  and 
San.  Eng.,  Extension  Div.,  Univ.  of  Wisconsin,  1819 
University  Ave.,  Madison,   Wis Sept.    11,   1917 

Balghman.     Charles     Alton.     Instr.,     Civ.     Eng.,     Iowa 

State  Coll.,  622  West  7th  St.,  Ames,  Iowa Sept.    11,   1!)17 

Bayliss,  Paul.  Asst.  Engr.,  Public  Service  Comm.,  Clar- 
ence,   Mo Sept.    11,  1917 

Beard,  Robert  Stanley.     Asst.  City  Engr.,  Kansas  City,  Mo.     Sept.    11,   1917 

Beaven,  Eduardo.  Engr.,  The  National  Bank  of  Mexico; 
Engr.,  Cia  de  Bienes  Muebles  e  Inmuebles,  S.  A.,  8a 
Flores  146,  City  of  Mexico,  Mexico Sept.    11,   1917 

Berkefeld,  John  Wolfram.     227  Bonita  Ave.,    )    Jun.  April     7,  1915 

Piedmont,  Cal f  Assoc.  M.     Sept.    11,  1917 

Blosser,    Emmet    Chandler.     Div.    Engr.,    State    Highway 

Dept.,  2342  Indianola  Ave.,  Columbus,  Oliio Sept.    11,   1917 

Bluhm,  Herman  William.     328  Guion  Ave.,    |    Jun.  Nov.      8,  1909 

Richmond  Hill,  N.  Y [  Assoc.  M.     Sept.    11,  1917 

Caffall,  Geoffrey  Arthur.     1143   East  15th    j    Jun.  Sept.     3,  1912 

St.,  Brooklyn,  N.  Y \  Assoc.  M.     Sept.    11,   1917 

Chipley,   Dudley.     Engr.   and    Supt.,   ^^'ater-Works,   P.    0. 

Box   854,    Columbus,    Ga Sept.    11,  1917 

Crosby,  Lothrop.  Asst.  Engr.,  Idaho  Irrig.  Co.,  Rich- 
field,  Idaho Sept.    11,   1917 

Cunliff,    Nelson.     Commr.,    Parks    and    Recreation,    330 

Municipal   Courts   Bldg.,   St.   Louis,   Mo Sept.    11,  1917 

Drinkwater,   Ernest.     Municipal    Engr.,    588    Desaulhiers 

Boulevard,  St.  Lambert,  Que.,  Canada Sept.    11,   1917 

Finley,   Guy  Cephas.     Supt.  of   Irrig.,   U.  S.   Reclamation 

Service,  Naches,  Wash Sept.    11,  1917 

Fleming,  Joseph  Hamilton.  Asst.  County  Surv.,  Frank- 
lin County,  77  East  Lane  Ave.,  Columbus,  Ohio Sept.    11,   1917 

FoRTER,  Cecil  Alfred.     13  The  Devon,  Topeka,  Kans Sept.    11,  1917 

Funk,  Norman  Will.  Junior  Structural  Engr.,  Interstate 
Commerce  Comm.,  601  Interstate  Bldg.,  Kansas 
City,    Mo Sept.    11,  1917 
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HasKINS.      .loUN       (   IIIIISTOIMIKK.       Clif.       I'".ii;^r.,    ]     ,  ,,  «„  

Loiiisv  illf    lsii(l';t'  iV    Iron   (  ().,    Louisville,    V    .              , ,  ^,      .  ,  ,  

C  Assoc.  M.  Sept.  11,  1917 

l\y J 

Hi'NT,  Ni;i..so\  Barxk.s.  t  lif.  Draftsniaii,  Ollico  l^.  S.  Sur- 
voyor-Geiieral,     103     ('ai)ital     Apartments,     Olynipia, 

^\■ash Sept.  11,  1917 

HisTKi).  Ai-VA  Guy.  Asst.  Eiifjr..  Siihdivision  of  Sewage 
Disposal,  Div.  of  Eng.,  5811  'iliackeray  Ave.,  Cleve- 
land,   Ohio Sept.  11,  1917 

M(  DoNNKi.L,  Francis  Regis.     Care,  Revere  Sugar  Refinery 

Co.,    Medford    St.,    Charlestown,    Mass Sept.  11,  1917 

McMuLLKX,    Ray    Wkhr.     Engr..    Arthur    Mc-   )    ^  -.  oo  ,«!« 

,          ^^                     /   Jun.  June  ,W,  1910 

Mullen,    50    \  anderhilt   Ave.,   >se\v    ^ork    V    ,  ,,  ,,,-,,  ,,m- 

r  Assoc.  M.  Se])t.  1 1,  1917 

City )  ' 

MoFiKTT.    .loiix    WiixiAM.     (  lif.    Engr.,    The    Sperry    Eng, 

Co.,   105  Dwight  St..  New  Haven,  Conn Sept.  11,  1917 

MoRKY,  Edward  Fraxcis.     P.  O.  Box  334,  Dallas,  Tex Se])t.  11,  1917 

MoRRisox,    RoGKR    Lkroy.     I'rof.    of    Highway    V  Jun.  April  4,  1911 

Eng.,  Agricultural  and  Mechanical  Coll.    v   Assoc.  Mar.  2,  1915 

of  Tex.,  College  Station,  Tex )   Assoc.  M.  Sept.  11.  1917 

Moss,  Jerome  Aarox.     Traveling  Supt.,  Jos.   E.   Nelson  & 

Sons,  118  North  La  Salle  St.,  Chicago,  111 Sept.  11,  1917 

MrRnoni.   Russell    Ai.geh.     Cons.    Engr.,    706    Free    Press 

r.Mg..  Detroit.   Mich Sept.  11,  1917 

)    Jun.  June  G,  1911 

MiiUMiY,  Alvix  Rush,     rountaiii  Citv.   Icnii..    I    .            ^r  c.     i.  ii  nm-r 

I    Assoc.  ^1.  Sept.  11,  1917 

Naxce,   ARCHir.ALD    Whitfield.     Secy,    and    Treas.,    Farris. 

Eng.  Co.,  Empire  Bldg.,  Pittsburgh,  Pa Sept.  11,  1917 

NoKTOX,  John  Evered.  Asst.  Field  Engr.,  Interstate  Com- 
merce Conim.,  731  Wells  Fargo  Bldg.,  San  Francisco, 

Cal Sept.  11,  1917 

Porter,  Artiuh  jNIiller.     Los  Banos,  Cal Mar.  13,  1917 

Quixx,  Tiio.MAS  Francis.  Asst.  Engr..  Trans.  .Miss.  Ter- 
minal R.  R.,  Pierce  City,  Mo Sept.  1 1,  1917 

Raymoxd,  Herbert   Dwigiit.     AndersonvilJe,  C-.x Sept.  11,  1917 

Rees,  Bird  Le  Graxd.     Cresskill,  X.  .1 Sept.  11.  1917 

Robinson,  Russell  Moore.     8(»3  Columbia  St.,  i    Jun.  Mar.  2,  1915 

Hudson,  N.  Y \    Assoc.  M.  Sept.  1 1 ,  1917 

Rosexuaum,    Raymond    Victor.     Care,    Potomac    Liglit    & 

Power  Co.,  ilartinsburg,  W.  Va Sept.  11,  1917 

Rudolph,  William  Edward.     Asst.  Engr.,  Pub-   )    ,  „  ,  ,  ,«,„ 

„.          ,  ■  r      1^         I  Ju"-  Oct.  1,  1912 

lie    Service    Coram.,    First    Dist.     (Res.,   L    .            at  c     i.  i,  ini-r 

'          ,  ,         ^.    ,,            {   Assoc.  M.  Sept.  11,  1917 

399   Hancock   St.),   Brooklyn,   N.   \ )  ' 

SciiULTZ.  Harold  August  Hastrui*.     2024  Sec-  |    Jun.  Mar.  2,  1915 

ond  Ave.,  Detroit,  Mich C   Assoc.  M.  Mav  15,  1917 
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Seib,  Chaeles  Bach.     Maintenance  Enffr.,  New  \    ^  ^     , 

,.    ,     c.i  4.     TT-  1  n  T>        oi-  r  Juii-  Sept.  2,  1914 

York   State   Highway   Comm..    Box   81o,  I  .  ,,  .      .,  ,„  ,„,„ 

.^.       ^         -.-r    -^  {  Assoc.  M.  April  17.  1917 

Kingston,   N.    Y )  ' 

Shepard,  George  Milson.     Capt.,   Engrs.,   U.   S.   R.,    Fort 

Snelling,   Minn June    11,   1917 

Slaymakeb,  Charles  Monroe.     Div.  Engr.,  State  Higliway 

Dept.,  511  Metropolitan  Bldg.,  East  St.  Louis,  111 April   17,   1917 

Smith,    Walter    Gboveb.     Div.    Engr.,    Ohio    State    High- 
way Dept.,  2295  Adams  Ave.,  Columbus,  Ohio Sept.    11,  1917 

Sprague,  Hugh  Max.     Asst.   City  Engr.,   Box   445,   Great 

Falls,  Mont Sept.    11,  1917 

SwEM,  Anzi  Raymond.     Asst.  Chf.  Engr.,  Iowa  Ry.  &  Light 

Co.,  Box  115,  Kenwood  Park,  Iowa April  17,  1917 

TiDD,  Harry.     110  East  13th  St.,  Hutcliinson,    |    Jun.  Mar.    14,  1916 

Kans r  Assoc.  M.     Sept.    11,   1917 

ToLMAN,    Edward    Mayo.     Director    and    Chf.  "^ 

Engr.,  Div.  of  San.  Eng.,  West  Virginia   !    Jun.  Sept.      2,  1914 

State  Dept.  of  Health,  Box  1346  Charles-   f    Assoc.  M.     Sept.    11,  1917 

ton,  W.  Va J 

VoGEL,  Joshua  Holmes.     Archt.,  Engr.,  and  Vice-Pres.,  W. 

M.  Vories  &  Co.,  Hachiman,  Omi,  Japan Sept.    11,  1917 

Wallace,    Edward    Ewing.     Chf.    Draftsman,     California 

Highway  Comm.,  1425  Garden  St.,  San  Luis  Obispo, 

Cal Sept.    11,  1917 

Wallace,  John  Cloyd.     Draftsman,  C.,  M.  &  St.  P.  Ry.,  719 

Lyon  Healy  Bldg.,  Chicago,  111 Sept.    11,   1917 

Warren,  Lee  Gilbert.     1400  Grand  Ave.,  Milwaukee,  Wis. .     May     15,  1917 
Williams,     Alexander     Dennis.     Engr.-Chairman     State 

Road   Comm.;    Prof.,   Ry.   and   Highway   Eng.,   West 

Virginia  Univ.,  471  High  St.,  Morgantown,  W.  Va. . .     Sept.    11,  1917 

associates 

Smith,  Robert  Alexander  Chiqueno.     Commr.  of  Docks, 

New  York  City,  400  Park  Ave.,  New  York  City Sept.    11,   1917 

juniors 

Arms,  Leo  Murry.     Draftsman,  Kansas  City  Terminal  Ry., 

3547  The  Paseo,  Kansas  City,  Mo Sept.    11,   1917 

Bohlken,  James   De  Witt.     404   Fifth   Ave.,   Portsmouth, 

Va. May     15,1917 

Cherry,  Alan  Gokdon.     Sergeant,  Headquarters  Co.,  301st 

Engrs.,  Camp  Devens,  Ayer,  Mass Sept.    11,   1917 

CuMMiNGS,  RoiiERT  AUGUSTUS,  Jr.  Asst.  Engr.,  Cummings 
Structural  Concrete  Co.,  5911  Elgin  Ave.,  Pittsburgh, 
Pa Sept.    11,  1917 
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Fkank,  Aaron   IlKHUKur.     170  Clnistuplier  Ave.,  Brooklyn, 

N.    Y May     15.   1917 

GuPTiLL,  Joseph  Rickek.     451  TwenLy-eightli  St.,  Oakland, 

Cal Sept.    11.   1917 

Hoi.BORN,  Lewis  Adams.     2d  Battery,  F.  A.,  R.  O.  T.  C, 

Military  Branch,   Chattanooga,  Tenn Sept.    11,   1917 

Jenks,   Harry  Neville.     San.  l<>ngr.,   Burma  Mines,  Ltd., 

Nanitu,  Northern  Shan  States,  Burma,  India May     15,   1917 

McL'Li«<a,  David  Arthur.  Hotel  Tioga,  San  Diego,  Cal...  Sept.  11,  1917 
Warwick,  Charles  Laurence.     209  Merion  Ave.,  Narberth, 

Pa June    11,1917 
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Aiken.   William   Augustin.     Cons.   Engr.,   Care,   W.   D.   Aiken,   450   West 

153d  St.,  New  York  City. 
Albertson,  Charles.     With  Aberdeen  Shipbuilding  Co.,  Aberdeen,  Wash. 
Alden,    Herbert   Clarendon.     First   Lieut.,   C.   A.   C,  N.   G.,   U.   S.,   Fort 

Schuyler,  N.  Y. 
Archibald,  Warren  Martin.     15  Walnut  St.,  Medford,  ;^L'lss. 
Barclay,  Alexander  James.     2243  Dwight  Way,  Berkeley,  Cal. 
Beeler,  John  Allen.     52  Vanderbilt  Ave.,  New  York  City. 
BissELL,  Clinton  Spencer.     Prin.  Asst.  Engr.,  P.  R.  R.,  4902  Florence  Ave., 

Philadelj-hia,  Pa. 
Blancharo,  Murray.     4355  Lake  Park  Ave.,  Chicago,  111. 
Briggs,  Waldo  Clayton.     With  The  Degnon  Contr.  Co.,  Long  Island  City 

(Res.,  373  Washington  Ave.,  Brooklyn),  N.  Y. 
Bright,   Joseph    Shirley.     Senior   Highway   Engr.,   Dept.   of   Agriculture, 

U.  S.  Office  of  Public  Rds.  and  Rural  Eng.,  Broadway,  Yamhill  Bldg., 

Portland,   Ore. 
Brown,  Charles  Otto.     Cons.  Engr.,  54  Monroe  St.,  Brooklyn,  N.  Y. 
Burke,  R.\lph  Haney.     Div.  Engr.,  The  San.  Dist.  of  Chicago,  700  Karpen 

Bldg.,   Chicago,   111. 
Cameron,   Harry   Frank.     Maj.,    301st   Reg.,    Engrs.,   Camp    Devens,   Ayer, 

Mass. 
Chase,  Marvin.     State  Hydr.  Engr.,  Olympia,  Wash. 
CoNNiCK,   Harris   De   Haven.     Vice-Pres.,    Am.    International    Corporation, 

120  Broadway,  New  York  City. 
Cooper,  David  Reginald.     Capt.,  Engr.  Officers'  Reserve  Corps,  Care,  Chas. 

P.  Cooper,  551  Myrtle  Ave.,  Albany,  N.  Y. 
COBEY,  Ray  Howard.     Vice-Pres.  and  Gen.  Mgr.,  Coos  Bay  Shipbuilding  Co., 

Mashfield,  Ore. 
Crosby,  Benjamin  Lincoln.     3216  North  31st  St.,  Tacoma,  Wash. 
Ceuise,  Edgar  Dudley.     Care,  Eng.  Dept.,  U.  P.  R.  R.,  Omaha,  Nebr. 
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CULGiN,  Guy  Whitmobe.     Cons.  Engr.,  15  Broad  St.,  New  York  City. 
CusiiiNG,  Edward  Benjamin.     Maj.,  17th  Reg.,  Engrs.   (Ry.),  Am.  Army  in 

France,  Care,  Adjutant  General,  \^'ashington,  D.  C. 
Dennis,  Arthur  Crisfield.     Cons.  Engr.,  344  Henry  Bldg..  Seattle,  Wash. 
Early,  Percy  Walker.     Gen.   Supt.,  Mason  &  Hanger  Co.,   210  West  Hill 

St.,  Louisville,  Ky. 
Ferguson,  James  Easton.     Gen.  Mgr.,  Am.  Steel  Co.  of  Cuba,  Empedrado 

17,  Havana,  Cuba. 
Fertig,  Jerome  Henry.     Asst.  Engr.,  U.  S.  Reclamation  Service,  Prineville, 

Ore. 
Freeland,  Chester  Shepard.     Eugene,  Ore. 

Fuller,  Almon  Homer.     Prof,  of  Civ.  Eng.,  Lafayette  Coll..  Easton,  Pa. 
Gay,  Frederick  Waldo.     Cons.  Engr.,  90  West  St.,  New  York  City. 
Gibson,  James  Edwin.     INIgr.,  Water  Dept.,  Charleston  Light  &  Water  Co., 

14  George  St.,  Charleston,  S.  C. 
Goodman,  Josl-ph.     Asst.  Engr.,  Dept.  of  Water  Supply,  Gas  and  Electricity, 

79  Haven   Ave.,  New  York   City. 
Graham,  Charles  Hallett.     Asst.  Engr.,  Div.  of  Eng.,  Dept.  of  Finance, 

Room  012,  Municipal  Bldg.    (Res.,  2235  LTniversity  Ave.),  New  York 

City. 
Harris,  Van   Alen.     Vice-Pres.,   Haytian  Am.   Sugar   Co.,   Port  au  Prince, 

Haiti. 
Hodges,  Harry  Foote.     ]\Iaj.-Gen.,  N.  A.,  Camp  Devens,  Ayer,  Mass. 
Hood,   William.     Chf.   Engr.,   S.   P.    Co.,   65   Market   St.,   Room    1057,   San 

Francisco,  Cal. 
Hubbell,  Clarence  William.     Cons.  Engr.,  2348  Penobscot  Bldg.,  Detroit, 

Mich. 
Hudson,  Harold  Walton.     Capt.,   11th  Engrs.    (Ry.),  Am.  Exp.  Force;   2 

South  IMorris  Ave.,  Atlantic  City,  N.  J. 
HuRD,   Charles   Henry.     Cons.   Engr.,   807   Mercliants   Bank   Bldg.,   Indian- 
apolis, Ind. 
Jacobs,  Joseph.     Cons.  Engr.,  1317  Smith  Bldg.,  Seattle,  Wash. 
Leh,  Elvin  Ulysses.     Cons.  Engr.,  Trident,  Mont. 

Loewenstein,  Jacob.     Care,  Am.  Bridge  Co.,  30  Church  St.,  New  York  City. 
McIntyre,    William   Ainsworth.     Asst.   Mgr.,   Hyrib,    Lath   and   Highway 

Dept.,  Trussed  Concrete  Steel  Co.,  33  Cricket  Ave.,  Ardmore,  Pa. 
Morrow,  .Jay  Johnson.     Col.,  Corps  of  Engrs.,  U.  S.  A.,  Vancouver  Barracks, 

Wasli. 
Moulton,  Herbert  George.     Cons.  Engr.,  Care,  Eugene  Meyer,  Jr.,  Munsey 

Bldg.,  Washington,  D.  C. 
MussoN,  Charles  Augustine  Woodley.     Dist.  Engr.,  C,  M.  &  St.  P.  Ry., 

Room  1,  C,  M.  &  St.  P.  Ry.  Passenger  Station,  Butte,  J\Iont. 
O'DoNNELL,   John   Patrick.     14   New   Burlington    St.,   W.    1,   Westminster, 

S.  W.,  London,  England. 
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PiiKi.rs,   IIowAui)   Ka.stwooi).     Asst.  Prof,  of  Civ.  Eng.,  Univ.  of  Colonido; 

Cons.  Kngr.,  930  Lincoln  PI.,  Boulder,  Colo. 
PowKir,,  ARriiiHALD   Olix.     Maj.,  Eugr.   Officers'  Reserve  Corps,   Room   811, 

Army  Bldp.,  New  York  City. 
Pkior,  Joski'H  Hknry.     320  New  York   Life   Bldg.,   Chicago,  111. 
RilKI),  Pail  Lyon.     Civ.  Engr.,  U.  S.  N.;   Representative,  Emergency   Fleet 

Corporation,  6245  Washington  Ave.,  West  Philadelphia,  Pa. 
RiCHAUDS,  FuEDKRicK  David.     Room  618.  City  Hall,  Cleveland,  Ohio. 
Sherron,  George  Austin.     Cai)t.,  5th  Co.,  E.  O.  R.  C,  Fort  Leavenwortli, 

Kans. 
S.NYDi.R.    Frediric    Antes.     Lt.Col.,     103d    Reg.,    Engrs.,    Camp    Hancock, 

Augusta,  Ga. 
SoiTinvoRTH,  EnwARi)  Augustus.     P.  0.  Box  04.  Mill  Valley,  Cal. 
Tayi-or,  William  Thomas.     Capt.,  R.  F.  C,  Vernon  Villa,  Tetherdown,  Mus- 

well  Hill,  N.,  London,  England. 
Toenniges,  Ferdinand  Emil.     Box  736,  Point  Marion,  Pa. 
Watt,  David  Alexander.     War  Dept.,  Office,   Chf.  of  Engrs.,  Washington, 

D.  C. 
Wilson,  Charles  Alfred.     Ry.  Expert,  22  Wyoming  Ave.,  Wyoming,  Ohio. 
WooDARD,  WiLKiE.      114  Wcst  51st  St.,  Los  Angeles,  Cal. 
Young,    Samuel    McCain?     Engr.,    New    Orleans    Assoc,    of    Commerce,    635 

Common   St.,   New   Orleans,   La. 

associate  members 

AcHER,   Albert   Hilands.     Capt.,   Corps   of   Engrs.,   U.   S.   A.,   U.    S.   Engr. 

Oflice,  G02  Burke  Bldg.,  Seattle,  Wash. 
Albert,    Frederick    Wilhelm.     Capt.,    Engr.    Officers'    Reserve    Corps,    23 

Isham  -St.,  Burlington,  Vt. 
Allen,   Ralph    Benjamin.     1st   Lieut.,   25th    Reg.,    Engrs.,    Engr.    Officers' 

Reserve  Corps,  Camp  Devens,  Ayer,  Mass. 
Angel,  Floyd  Dwight.     Care,  Imperial  Irrig.  Dist.,  Andrade,  Cal. 
Anthony,    Horace   Francis.     Res.    Engr.,   Am.    International    Corporation, 

Broad  aiKl  Cherry  Sts.,  Philadelphia,  Pa. 
Ardery,  Edward  Dahl.     Maj.,  Corps  of  Engrs.,  U.  S.  A.,  Care,  Mrs.  E.  D. 

Ardery,  Forest  Hills  Inn,  Forest  Hills,  N.  Y. 
Armstrong,   George   Simpson.     Care,    jMiller,   Franklin   &    Co.,    17    Battery 

PL,  New  York  City. 
Baron,  Edward  Vahan.     Asst.  Engr.,  U.  S.  Reclamation  Service,  Rimrock, 

Wasli. 
Bartholomew,  Bradley  White.     Palmer,  Mass. 
Battie,    Herbert    Scandlin.     1st   Lieut.,    U.    S.    R.,    Eng.    Div.,    Box    265, 

Greensboro,  N.  C. 
Beemer,   John    Arthur.     Cajjt.,    Engr.    Officers'   Reserve    Corps,   Vancouver, 

Wash. 
Begg,  Robert  Burns  Haldane.     Capt.,  E.  0.  R.  C,  Williamsburg,  Va. 
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Bell,  Harry  Walton.     Cons.  Engr.,  612  Audubon  BUlg.,  New  Orleans,  La. 

Bellamy,  Herbert  Ernest.  Officer  in  dig.  of  Works,  Flinders  Naval 
Base,   Crib  Point,   Victoria,   Australia. 

Benjamin,  William  Purdy.  Supt.  of  Constr.,  Babcock  &  Wilcox  Co., 
Bayonne,  N.  J. 

Bennett,   Charles  Noble.     Cons.  Engr.,  591   East  9tli   St.,  Portland,  Ore. 

Benson,  Charles  Greenwood.  Care,  U.  S.  Reclamation  Service,  Fallon, 
Nev. 

Brown,  Robert  Huse.  Capt.,  San.  Corps,  U.  S.  N.  A.,  21  West  127th  St., 
New  York  City. 

BaRDETT,  Owen  Long.     25th  Reg.,  Engrs.,  Canij)  Devens,  Aver,  Mass. 

BuRNELL,  Eugene.  Works  INigr.,  The  Evans  Eng.  Corporation,  130  Smith 
St.,  Perth  Amboy,  N.  J. 

Canfieli),  George  Hathaway'.  Capt.,  31Gth  Engrs.,  Camp  Lewis,  American 
Lake,  Wash. 

Carbington,  Henky'.  Chf.  Engr.,  Freeport  &  Mexican  Fuel  Oil  Corpora- 
tion,  Apartado   241,   Tampico,   Tamaulipas,   Mexico. 

Chandler,  Elbert  Milam.     806  South  Yale  Ave.,  North  Yakima,  Wash. 

Chesley,   Frank  Ephraim.     .508   Palace  Hardware   Bldg.,  Erie,  Pa. 

CXAFLIN,  Fred  Winslow.  With  Charles  Page  Perin  and  Stewart  M. 
Marshall,  2  Rector  St..   New  York   City.     • 

Clark,  John  James.     6023  Washington  Ave.,  St.  Louis,  Mo. 

Collar,  William  Franklin.  Care,  The  Foundation  Co.,  Rookery  Bldg., 
Chicago,  111. 

Coltman,  Robert,  Jr.  Asst.  Engr.,  Public  Service  Conun.,  First  Dist., 
120  Broadway,  Room  3363,  New  York  City. 

COnard,  Robert  Allen.  Civ.  Engr.,  U.  S.  N.  R.  F.,  Care,  Bureau  of 
Public  Works,  Port  au   Prince,   Haiti. 

Copley,  George  Noblio.     Care,  Thos.  Goggan  &  Bro.,  Houston,  Tex. 

Crawford,  Charles  John.     Apartado   161,  Tampico,  Tamaulipas,  Mexico. 

Cutler,  Leon   George.     Care,  John   Sugden,  Ham])ton  Inst.,   Hampton,  Va. 

Dimmleb,  Charles  Louis.  Structural  Engr.,  Div.  of  Valuation,  Pacific 
Div.,  Interstate  Commerce  Comm.,  731  Wells  Fa'rgo  Bldg.,  San 
Francisco,    Cal. 

DoBsoN,   Gilbert   Colfax,     ('apt.,   314th   Engrs.,   Camp    Funston,   Kans. 

Dyer,  William.  Chf.  Draftsman,  King  Bridge  Co.,  10315  Yale  Ave.,  Cleve- 
land, Ohio. 

Ellis,  Herbert  Cram.  Junior  Engr.,  Public  Service  Comm.,  First  Dist., 
353  West  117th  St.,  Apartment  12,  New  York  City. 

Emerson,  Raffe.  Ensign,  Naval  Reserve  Flying  Corps,  P.  0.  Box  1312, 
Washington,  D.  C. 

Fain,  James  Rhea.     Supt.  of  Constr.,  U.  S.  Public  Bldgs.,  Fitzgerald,  Ga. 

FiFER,  Frank  Preston.  Apartment  D-3,  Calvert  Court  Apartments,  Balti- 
more, Md. 
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Fi.NKKKN.     Wii.i.iAM     Wakiuck.     V.    S.    .luiiior    Kiigr..    I'.    S.    Engr.    Ollice, 

Jacksoin  illi',    I'la. 
I'ltANKi.A.M).     Kia:i)i:KU'K    llKKSTON.     Associate    Kiigr..    Wadtlcll    &    Son.    1(55 

llmadwax ,  Suite  ;")()(),  Xew  York  City. 
1  KKKMA.N.  Wii.i.iAM   T-KAiMY.     (apt..  Jil   (  ().,    K.  ( ).  K.  C,  E.  0.  T.  C,  Fort 

Lcavt'iiwortii,   Kans. 
(■•aismaw.   Kov   Waknki;.     (apt..  30'Sd  Reg.,  U.  S.  N.  A.,  Camp  Di.\,  N.  J. 
(III. MAN.  IJHiAU  Dow.     (^'are,  U.  S.  Bureau  of  Yards  and  Docks,  Washington, 

D.  C. 
(Ji.A.ss.    William    Asa.     Supt.,   Edwardss  illc    \\'atiM-    Co.,    408    North    ]\Iain 

St..  Edwardsville,  111. 
(ioi.Di.NC,    Tjiomas    WuNi).     Structural     Kugr.    and    Contr.,    50    Broad    St., 

New  York  City, 
(ioii.i),    John    Warren    Du    Bois.     Care,    Harvey    Fisk    &    Sons,    62    Cedar 

St.,  New  York  City. 
GREENii,  Lloyd  Woolsey.     Asst.  Engr.,  N.  Y.  C.  R.  R.,  280  Delaware  Ave., 

Albany,  N.  Y'. 
Gbeenway,    .loiiN    Owen.     Drainage    Engr.,    Yakima    County,    201    North 

7th  St.,  Nortli  Yakima,  Wash. 
Gregg,  Joiix  llr.sTON   Clark.     Asst.  Engr.,  Degnon  Contr.  Co.,   G718  Ridge 

Boulevard,    Brooklyn,    X.    Y. 
Grinukoi).   Ihvin   SiTTON.     iy.U\  and   Clearfield  Sts.,  Philadelphia,   Pa. 
II All.,   Waki).     Asst.   Engr.,   R.   R.   Conun.,   State   of   California,   460   Forest 

St.,  Oakland,  Cal. 
Hai.i.ett,  James   Hendricks.     Asst.    City    Engr.,   Engineer   Bldg.,   Jackson- 
ville,  Fla. 
lli;i;iu.Eix,   RoHKUT   William.     Contr.    and   Chf.   Engr.,   Massillon    Bridge   & 

Structuial   Co.,  Massillon,  Ohio. 
IlKNKiyiLs,  Edward  Joseph.     612  Audubon  Bldg.,  New  Orleans,  La. 
lii-.NUV.   David   Edward.     121   Downey  St.,   San  Francisco,  Cal. 
Jli:iii{()LD,  Carl  Ja.mes.     Engr.  Estimator,  F.  C.  W^erk,  14628  Savannah  Ave., 

(  leveland,  Ohio. 
Hilts,  Harold  Ezra.     Gen.  Mgr.,  Portland  Cement  Assoc,  111  West  Wash- 
ington St.,  Chicago,  111. 
lli.NDS,  Artiu'r   Klock.     Care,   Chester  Paper  Co.,   Chester,   Pa. 
iliRAi,   Kikumatsu.     Civ.   Engr.,   Imperial   Govt.   Rys.,   493   Togoye,   Hirat- 

sukamura,  Ebargun,  Tokyo,  Japan. 
11 LUUARD,  Daxiel.     Div.  Engr.,  B.  &  O.  R.  R.,  Flora,  111. 
Humphreys,  Ewing  Sloan.     Ist  Lieut.,  Engrs.,  U.  S.  R.,  Care,  Prof.  D.  C. 

Humphreys,  Lexington,  Va. 
Ja.misox,  Richard  Harvey.     604  Second  National  Bank  Bldg.,  Pittsburgh,  Pa. 
Ji;.NKixs,  Charles  ^Ielville.     1st  Lieut.  Co.  No.  1,  Barracks  No.  50,  Engr. 

Officers  Training  Camp,   Fort  Leavenworth,  Kans. 
.FoNES,  Percival  Charles.     200  Elmwood  Ave.,  East  Orange,  N.  J. 
KiTCiiix,  Ernest.     R.  D.  No.  2,  Clarks  Summit,  Pa. 
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LiEB,  Victor.     U.  S.  Asst.  Engr.,  War  Dept.,  Care,  U.  S.  Engr.  Office,  Gal- 
veston,  Tex. 
Lodge,  John.     Asst.  Engr.,  Sanderson  &  Porter,  52  William   St.    (Res.,  252 

West  85tli  St.),  New  York  City. 
Lyons,    Harold    Chandos.     Lieut.,    Co.    B,    20th    Engrs.,    American    Univ., 

W^ashington,  D.  C. 
McClain,  James  Brownson.     Asst.  Bridge  Engr.,  Seaboard  A.  L.  Ry.,  1710 

Hillsboro  St.,  Raleigh,  N.  C. 
Mandelzweig,   Hyman   Harry.     Capt.,   Engr.   Officers'   Reserve   Corps,    Fort 

Leavenworth,  Kans. 
Mangold,  John  Frederic.     Rapid  City,  S.  Dak. 

March,  George  ]\Iiles.     1st  Lieut.,  301st  Engrs.,  Camp  Devens,  Ayer,  Mass. 
Marshall,    Thomas    Clawson.     Supt.,    Good    Roads    Const.    Co.,    Menden- 

hall,  Pa. 
Matlaw,  Isaac  Solon.     Capt.,  23d  Reg.,  Engrs.,  Camp  Meade,  Md. 
Mendenhall,   Herbert   Drummond.     Capt.,   Engr.    Officers'    Reserve    Corps, 

Am.  Exp.  Forces,  France. 
Millard,     Chancey    Spencer.     Mech.    Engr.,    Leonard    Constr.    Co.,    3826 

North  Lowell  Ave.,  Chicago,  111. 
Nelson,   William.     Care,  The  Advance  Machine  Co.,   37   Osborn   St.,   Cam- 
bridge,  Mass. 
Pauls,    Arthur   Leonard.     Asst.    Engr.,   U.    S.   Reclamation    Service,   King 

Hill,  Idaho. 
Peters,  Albert  Ayer.     Capt.,  23d  Engrs.,  Camp  Meade,  Md. 
Plogsted,  Walter  John.     Mgr.,  Signal  Dept.,  R.  W.  Cameron  &  Co.,   115 

Pitt  St.,  Sydney,  New  South   Wales,  Australia. 
Price,  Joseph  Paul.     Box  133,  Kent,  Ohio. 
Reeder,    Harry    Calvin.     1st    Lieut.,    Engr.    Officers'    Reserve    Corps,    1G43 

Hollywood  Rd.,   Cleveland,   Ohio. 
Rogers,  Augustus  Webster.     Civ.  Engr.,  Standard   Oil  Co.  of  New  York, 

520  Fidelity  Bldg.,  Buffalo,  N.  Y. 
RuGG,    Warren    Fuller.     With   Bronx   Parkway    Comni.,   Bronxville    (Res., 

36  Chatterton  Ave.,  White  Plains),  N.  Y. 
Sawyer,  Ernest  Walker.     Contr.  Engr.,  49   Craven  House,   Kingsway,  W. 

C,  2,  London,  England. 
Shafer,  James  Charles  Forsythe.     Care,  David  Mould,  Montgomery,  N.  Y. 
Shema,   Joseph.     Asst.    Insp.   of   Bridges,    Penn.   Lines    West   of   Pitts.,   45 

McMunn  Ave.,   Crafton,  Pa. 
Smith,   Harrison.     Engr.,   M.   P.   &   J.   T.   Davis,   New   Lauzon   Dry   Docks, 

Lauzon,  Que.,   Canada. 
Snell,  Harry   Bronson.     Chf.   Engr.,  Million   Bros.   Co.,   34   West  33d   St., 

New  York  City   (Res.,  200  Cumberland  St.,  Brooklyn,  N.  Y.). 
SoEST,  Hugo  Conrad.     1st  Lieut.,  E.  0.  R.  C,  25th  Reg.,  Engrs.,  Co.  A,  Camp 

Devens,  Mass. 
Sola,  Francisco  Jose  de.     Havana  St.,  No.  91,  Havana,  Cuba. 
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Si'KAU,   Roy   Ki.kkut.     Div.   Engr.,  Trunk   and   Main   Line   Rcwors,   National 

Army  Cantonment,   III61/2   Main  St.,  Little  Rock,  Ark. 
Stkesk,  Jasiks  Gokdon.     Asst.  to  C'hf.  of  Engrs.,  Washington,  D.  C. 
Sl'TKR,  Russki.l.     Capt.,  114th  Engrs.,  (amp  Beauregard,  La. 
SwARTZ,  FuBDKRiCK  Pktkr.     Dist.  Engr.,  St.  L.  &  S.  F.  Ry.,  Sapulpa,  Ok  la. 
I'AYi.OR,  Alexander  Jenifer.     Civ.  Engr.,  E.  I.  du  Pont  de  Nemours  &  Co., 

8G  Grove  St.,  Montclair,  N.  J. 
Thomas,   Charles   Randolph.     Associate   Prof,   of   Civ.   Eng.,   North    Caro- 
lina State  Coll.,  West  Raleigh,  N.  C. 
Thornton,  Louis   Earle.     Capt.,   E.   0.  R.   C,   Care,  H.   IL  Tliornton   Co., 

Pensacola,  Fla. 
ToRNQUisT,  Charles  Herman.     Supt.  of  Constr.,  Villadsen  Bros.,  304  Dooly 

Bldg.,  Salt  Lake  City,  Utah. 
Travi.or,   Kells    Emmett.     Supervisor,    Bridges    and    Bldgs.,    So.    Ry.,    824 

Second  Ave.,  South,  Columbus,  Miss. 
Tretten,   Otto   Christian.     Asst.   Div.   Engr.,   California   Highway   Comm., 

Union  National  Bank  Bldg.,  San  Liiis  Obispo,  Cal. 
Wade.  George  Willis.     1st  Lieut.,  Co.  D,  2d  Battalion,  117th  Reg.,  Engrs., 

Box  85,  Newman,  Cal. 
Ward,    George    Sparkman.     Sergeant,    Co.    A,    1st    Battalion,    117tli    Reg., 

U.  S.  Engrs.,  Camp  Mills,  Hempstead,  N.  Y. 
Waring,    Charles    Thomas.     Maj.,    Signal    Corps,    Chamber    of    Commerce 

Bldg.,  Fort  W^orth,  Tex. 
Watson,  George  Linton.     Capt.,  Engr.  Reserve,  U.  S.  A.,  Care,  Mrs.  V.  N. 

W'atson,   2924   Jefferson   St.,   Wilmington,   Del. 
Watters,  Vernon  Gregg.     Chf.  Engr.,  Live  Oak,  Perry  &  Gulf  R.  R.,  and 

Civ.  Engr.,  Standard  Lumber  Co.,  1221  East  49tli  St.,  Savannah,  Ga. 
Wiley,   Ralph    Benjamin.     Associate    Prof,    of   San.    Eng.,    Purdue   Univ., 

777  Russell  St.,  West  Lafayette,  Ind. 
Wills,   Arthur   John.     Archt.   and   Civ.   Engr.,    79    Smith   St.,    W^innipeg, 

Man.,  Canada. 
Wilson,  Harry  Percival.       Capt.,  Engrs.,  U.  S.  R.,  Fort  Leavenworth,  Kans. 
Winchester,    Thomas    Harrison.     Care,    Stone    &    Webster,    Youngstown, 

Ohio. 
WooDLE,   Allan    Sheldon,   Jr.     Care,    Eddystone   Ammunition    Corporation, 

Eddystone,  Pa. 
Wrightson,  William  Daugherty.     Maj.,  San.  Corps,  National  Army,  1872 

California  St.,  Washington,  D.  C. 

associates 
Bei-zneb,   Theodore.     1st  Lieut.,   Engr.   Officers'   Reserve   Corps,   U.    S.   A., 

574  West  176th  St.,  New  York  City. 
Hughes,    Harold    Lincoln.     Care,    United    States    Steel    Corporation,    71 

Broadway,  New  York  City. 
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Anderson,    Roisert    Sumter.     Cure,    Yarliola    Pipe    Line    Co.,    Verdi    Pump 

Station,  P.   0.  Box  274,  Clielsea,   Okla. 
Andrews,  Harry  Samuel.     6348  Aurelia  St.,  Pittsburgh,  Pa. 
Baker,  Donald  McCord.     Engr.,  California  State  Water  Connn.,  Call  Bldg., 

6th  Floor,   San   Francisco,   Cal. 
Bei;rbower,  Dumont.     1343  Montague  St.,  N.  W.,  Washington,  D.  C. 
Brown,  Harry  Madara.     P.  O.  Box  636,  Mt.  Ki.sco,  N.  Y. 
Butler,   Arthur   Gray.     Cons.    Engr.   and    Snjit..   The    Fred   R.   Jones   Co., 

Box   110.  Cleveland,  Ohio. 
Cebrian,   Harry   de   L.weaga.     Care,    Am.    Barium    Co.,    57    Post   St.,    San 

Francisco,    Cal. 
Colas,  Nicholas.     Prin.  Asst.  Engr..  S.  A.  I.  Co.,  Felton,  Oriente,  Cuba. 
Cook,    Holton.     Res.    Engr.    of    Constr.,    Fargo    Eng.    Co.,    Foote    Develop- 
ment, Oscoda,  Mich. 
de    Charms,   Richard,    Jr.     1st   Lieut.,    E.    O.    R.    C,    Co.    B,    503    Service 

Battalion    (Ry.),  Camp  Grant,  Rockford,  111. 
Dow,   Edwin   Arthur.     Chf.    Draftsman,   Power   Constr.    Co.,    127    Institute 

Rd.,  Woicester,  Mass. 
Dow,   Hezekiah    Shailer.     Asst.   Engr.,   Rap.   Trans.    Subway    Constr.    Co., 

Ill  East  41st  St.,  New  York  City. 
Drake,  Ralph  Edmund.     Junior  Engr.,  Public  Service  Comm.,  First  Dist., 

92  Hawtliorne  St.,  Brooklyn.  N.  Y^ 
Dunshee,  Bertram  Kellogg.     Lieut.,  316th  Engrs.,  Camp  Lewis,  American 

Lake,  Wash. 
Fischer,    Charles,    Jr.     Lieut.,    308th    Infantry,    Camp    LTpton,    Yaphank, 

N.  Y. 
Froiseth,  Richard  Eugene.     Engr.,  Pittsburgh-Utah  Potash  Co.,  524  Judge 

Bldg.,  Siilt  Lake  City,  Utah. 
Gault,  John  James.     344  Second  Ave..  Milwaukee,  Wis. 
Giffels,  William  Charles.     1st  Lieut.,  Co.  A,  310th  Engrs.,  Camp  Custer, 

Battle  Creek,  Mich. 
Menke,    William.     Care,    J.    G.    White    Eng.    Corporation,    276    Fair    St., 

Kingston,  N.   Y. 
Rhynus,   Clarence   Paulding.     Asst.   Engr.,   U.   S.   Public   Health   Service, 

U.   S.  Marine  Hospital,  New  Orleans,   La. 
Seelye,    Seth    Heness.     Sales   Engr.,    Piatt    Iron    Works,    120    Shaw    Ave., 

Dayton,  Ohio. 
Sheppard,  Norman  Kirkwood.     Co.  D,  313th  Engrs.,  Camp  Dodge,  Iowa. 
Stafford,    Harlowe    McVicker.     Junior    Engr.,    U.    S.    Geological    Survey, 

Water  Resources  Branch,  328  Custom  House,  San  Francisco,  Cal. 
Steixbrucit,   Walter.     Box  684,  Wharton,   N.  J. 

SwiNTON,  Roy  Stanley.     Instr.,  Eng.  Mech.,  Univ.  of  Michigan,  1126  Wash- 
tenaw Ave.,  Ann  Arbor,  Mich. 
ToNG,  Yung  Tso.     Sub  Post  Office  No.   10,  Kun  Wei  Rd.,  Ilo-pei,  Tientsin, 

China. 
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Wacnkk,  John,  Jr.     1st  Liout.,  Cavalry,  U.  S.  R..  Am.  Exp.  Forces. 

Wkitzmor,  Hk.nry  Mitchkli..  Structural  Steel  l)raftsinan,  Dcpt.  of  Public 
Works,  Navy  Yard,  Washington,  D.   C. 

Wii.iiKR,  Ei.LwooD  CoGGKsiiALL.     20  Audcrson  St.,  Now  Haven,  Conn. 

Wii.sox,  Emmet  CiiEAXirAAr.  Room  G'.i9.  Betlilcliem  Steel  Co.,  South  Beth- 
lehem, Pa. 

Woom.K,  Bernon  TisnAi.E.     Capt.,  ROoth  Re<;.,  (amp  Leo,  Petersburg,  Va. 


DEATHS 

Si'EAKMAX,    RitiiAKi)    Edwahi).      IClec'ted    Member.    January    4th,    1910;    died 
January   13th,  1017. 


Total  Membership  of  the  Society,  October  4th,  1917, 
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MONTHLY  LIST  OF  RECENT   ENGINEERING   ARTICLES  OF 

INTEREST 

It  lias  heen  necessary  to  omit  this  list  from  this  number  of 
Pkoceedings  due  to  conditions  incident  to  preparation  for  the  removal 
of  Society  Headquarters  from  Fifty-seventh  Street  to  Thirty-ninth 
Street.    Its  publication  vnll  be  resumed  in  the  November  issue. 

— Secretary. 
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MECHANICAL    DRAFTSMEN 
A   PATRIOTIC   OPPORTUNITY 

Here  is  another  opi)ortiinity  for  patriotic  men  to  serve  their  country. 
The  Ordnance  Department  needs  mechanical  draftsmen,  and,  unless 
the  situation  is  corrected,  war  preparations  will  he  seriously  retarded. 
The  eyes  of  the  Nation  are  chiefly  centered  on  its  military  strength, 
but  the  need  for  educated,  trained  men  for  this  indispensable  civilian 
work  behind  the  lines  is  of  equal  importance. 

If  the  civilian  force  is  efficient,  the  Army  is  proniptly  and  ade- 
quately supplied  and  it  fights  a  winning  battle.  If  there  is  inefficiency 
and  delay,  the  Army  is  hampered,  the  war  is  prolonged,  life  is  sacri- 
ficed needlessly,  and  taxes  are  increased.  The  errors  of  our  Allies  in 
the  early  part  of  the  war  were  directly  traceable  to  administrative 
inefficiency. 

Owing  to  the  demand  of  private  business,  there  is  great  difficulty 
in  obtaining  mechanical  draftsmen  for  the  Government,  and  it  is  the 
duty  of  every  properly  equipped  American  to  offer  his  services. 

Red  tape  has  been  dispensed  with.  It  does  not  mean  long  routine 
with  examinations  requiring  the  assembling  of  candidates.  It  means 
simply  an  intelligent  investigation  of  the  fitness  of  every  volunteer 
and  an  immediate  rating  of  such  volunteer  according  to  ability.  In 
practice  this  takes  the  form  of  requiring  from  volunteers  a  full  state- 
ment of  education  and  experience,  and,  on  the  basis  of  these  state- 
ments, together  with  the  recommendations  of  reputable  persons,  the 
appointments  are  made  without  delay. 

At  the  request  of  the  Ordnance  Department,  the  National  Civil 
Service  Reform  League,  at  79  Wall  Street,  New  York  City,  is  answer- 
ing inquiries  concerning  these  positions,  and  will  furnish  application 
forms  on  request. 


PAPERS   AND    DISCUSSIONS 

OCTOBER,    1917 


Vol.  XLIII.  OCTOBER,   1917.  No.  8. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

INSTITUTED     18  5-2 


PAPERS  AND  DISCUSSIONS 

This  Society  is  not  responsible  for  any  statement  made  or  opinion  expressed 
in  its  publications. 


CONTENTS 

Papers :  page 

Pulsations  in  Pipe  Lines,  as  Shown  by  Some  Recent  Tests. 

By  H.  C.  Vensano.  M.  Am.  Soc.  C.  E 1593 

A  Brief  Review  of  Trigonometrical  Mathematical  Tables,  and  a  Contemplation  of 
the  Specifications  for  Trigonometrical  Tables  for  General  Use. 

By  Virgil  A.  I':berly,  Assoc.  M.  Am.  Soc.  C.  E 1645 

The  Hell  Gate  Arch  Bridge  and  Approaches  of  the  New  York  Connecting  Rail- 
road Over  the  East  River  in  New  York  City. 

By  O.  H.  Ammann,  M.  Am.  Soc.  C.  E 16.51 

Stress  Measurements  on  the  Hell  Gate  Arch  Bridge. 

By  D.  B.  Steinman,  Assoc.  M.  Am.  Soc.  C.  E 1805 

Discussions  : 

The  Reconstruction  of  the  Stony  River  Dam. 

By  F.  VV.  Scheidenhelm,  M.  Am.  Soc.  C.  E 1843 

Modern  Practice  in  Wood  Stave  Pipe  Design  and    Suggestions   for   Standard 
Specifications. 

By  Messrs.  E.  A.  Moritz  and  A.  N.  Miller 18.")9 

The  Three  15-Ciibic  Yard  Dipper-Dredges,  Gamhoa,  Paraiso,  and  Cascadas,  as 
Supplied  and  Used  on  the  Panama  Canal. 

Hy  Charles  Evan  Fowler,  M.  Am.  Soc.  C.  E 1865 

Air  Tanks  on  Pipe  Lines. 

By  Irving  P.  Church,  Assoc.  Am.  Soc.  C.  E 1869 

On  Final  Report  of  the  Special  Committee  on  Concrete  and  Reiuforced  Concrete. 

By  Messrs.  L.  J.  Mknsch.  G.  .S.  Bergendahl,  and  E.  S.  Martin 1873 

Memoirs : 

Harold  Parker,  M.  Am.  Soc.  C.  E 1891 


PLATES 

Plates  XVI  to  XXXV.  Illustrations    of     "The    Hell    Gate    Arch    Bridge    and 

Approaches  of  the  New  Yoik  Connecting  Railroad 
Over  the  East  River  in  New  York  City."       Pages  1661  to  1799 

Plates  XXXVI  to  XXXIX.    Illustrations  of  'Stress  Measurements  on  the  Hell  Gate 

Arch  Bridge  " Pages  1817  to  1841 


For  Index  to  all  Papers,  the  discussion  of  which  is  current  in 
Proceedings,  see  the  end  of  this  number. 


Vol.  XLIII.  OCTOBER,  1917.  No.  8. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

I  NST I TUTED     18  5  2 


PAPERS  AND  DISCUSSIONS 

This  Society  is  riot  responsible  for  any  statement  made  or  opinion  expressed 
in  its  publications. 


PULSATIONS  IN  PIPE  LINES, 
AS  SHOWN  BY  SOME  RECENT  TESTS 


By  H.  C.  Yensano,  M.  Am.  Soc.  C.  E. 
To  BE  Presented  November  7th,  1917. 


Synopsis. 

The  writer,  while  recently  occupying  the  position  of  Civil  and 
Hydraulic  Engineer  of  the  Pacific  Gas  and  Electric  Company,  had 
the  good  f6rtune  to  be  enabled  to  make  certain  experiments  and 
measurements  of  pulsations  (water-hammer)  in  long  pipe  lines,  and 
these  are  described  in  this  paper.  This  information,  it  is  believed, 
will  prove  a  valuable  addition  to  the  present  literature  on  the  subject. 
The  experiments  should  be  of  particular  value  because  they  were 
made  on  a  line  under  actual  operating  conditions.  They  show  what 
can  be  expected,  practically,  in  the  way  of  wave  effects,  and  demon- 
strate that  pulsations,  whether  due  to  gate  opening  or  closing,  can 
by  no  means  be  neglected  in  design,  even  for  lines  which  are  controlled 
by  slowly  moving  gates. 

The  Drum  Power  Plant,  of  the  Pacific  Gas  and  Electric  Com- 
pany, put  into  service  in  1913,  is  a  hydro-electric  generating  station 
on  the  Bear  River,  in  Placer  County,  California,  in  which  there  are 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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two  12  500-kw.  electric  generators,  each  driven  by  a  pair  of  Pelton 
impulse  wheels.  The  supply  for  these  wheels  is  brought  to  the  power- 
house in  a  riveted  steel  pipe,  or  penstock,  6  282  ft.  long,  and  having 
a  diameter  of  72  in.  at  its  upper  end  and  52  in.  at  the  power-house. 
The  experiments  discussed  herein  were  made  on  this  penstock.  Pul- 
sations of  acceleration  due  to  gate  opening  and  also  of  retardation 
dvie  to  gate  closing  were  investigated.  These  effects  were  obtained 
by  opening  or  closing  (simultaneously)  one  or  more  of  the  needle 
nozzles  which  control  the  supply  to  the  wheels.  Owing  to  the  fact 
that  the  time  of  closure  for  a  nozzle  was  approximately  69  sec,  the 
results  will  apply  to  the  conditions  of  slow  gate  closure.  Inasmuch 
as  most  of  the  experiments  in  the  past  (as  far  as  the  writer  knows) 
have  been  on  rapid  gate  closures  (so  rapid  as  to  produce  as  nearly  as 
possible  an  instantaneous  condition),  and  inasmuch  as  the  conditions 
usually  occurring  in  practice  deal  with  slow  closure,  the  following 
results  should  be  of  considerable  value  in  assisting  the  engineer  to 
ascertain  the  water-hammer  to  be  expected  in  penstock  lines  under 
practical  conditions  of  design  and  operation. 

A  study  of  the  curves  obtained  from  the  experiments  described 
herein  has  led  the  writer  to  the  following  conclusions : 

First. — That  the  general  formula  for  pressure  variation  from 
normal  at  any  point  in  a  pipe  line,  with  uniformly  Varying  gate 
opening,  should  be 

,    _  2  (L,  V,  +  L,V,+     .     .    .    ,    .    L^_,  F,_,  +  L,  V^) 

(jT  ■••^^ 

This  formula  applies  to  a  pipe  with  varying  diameter. 

Second. — For  slow  gate  closure,  this  formula  reduces  to 

2  (Lj  V^  4-  L^  V^  +  L^  Fg  +,  etc.  fortlie  full  lensthof  tlie  pipe) 
h  =  ^  —^         ^-  ■  ..(-) 

and,  further,  reduces  to 

2  L,  V, 
h  = ^1 (3) 

for  slow  gate  closure  with  a  pipe  of  uniform  diameter,  as  advocated 
by  Professor  Joukovsky.  Formulas  (1),  (2),  and  (3)  are  limited  to 
a  maximum  value  of 

k  =-!— ^., (4) 
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Third. — That,  as  this  fonmihi  indicates,  the  velocity  of  flow  at  the 
gate,  or  at  the  point  where  the  pressure  is  to  be  ascertained,  does 
not  necessarily  (of  itself  alone)  fix  the  magnitude  of  the  pressure 
wave  at  such  point,  but  that  the  magnitude  of  the  pressure  wave  ia 
influenced  by  the  varying  velocities  of  the  moving  water  column  in 
all  portions  of  the  line  between  the  point  at  which  the  pressure  is 
to  be  ascertained  and  the  reservoir. 

Fourth. — That,  under  ordinary  conditions,  the  water-hammer  effect 
may,  and  does,  produce  as  great  a  fall  in  pressure  below  the  normal 
as  it  produces  a  rise  above  normal  after  the  gate  has  been  closed 
completely.  In  other  words,  the  pressure  vibrates  back  and  forth  above 
and  below  normal  after  gate  closure. 

Fifth. — That,  in  pipes  of  uniform  diameter,  the  magnitude  of 
pressure  variation  along  the  pipe  line  will  vary  directly  as  the  time 
required  for  the  wave  to  travel  from  any  point  in  question  to  the 
reservoir  and  return  to  the  same  point,  as  advanced  by  Professor 
Joukovsky,  provided  the  time  of  gate  closure  is  greater  than  the 
half  period  of  the  pipe. 

Si.xth. — That  the  effect  of  accelerating  the  water  colunui  by  gate 
t)l)ening  is  analogous  to  the  effect  of  retardation  in  gate  closing,  except 
that  tlie  pressure  variations  have  the  opposite  sign.  The  period  of 
pulsation  is  the  same.  The  chief  difference  is  that  the  wave  effects 
die  out  much  more  rapidly  Avith  opening  than  with  closing,  and 
this  seems  also  to  damp  the  vibration  so  rapidly  that  the  full  magni- 
tude is  obtained  only  for  a  short  time. 

Seventh. — That  the  synthetic  method,  used  by  Professor  Joukovsky 
and  Miss  Simin  to  determine  wave  forms,  can  be  used  to  good  advantage 
in  the  study  of  such  effects,  and  can  be  made  to  predict  probable  wave 
forms  and  magnitudes,  if  properly  interpreted 

Eighth. — It  is  here  found  that  the  velocity  of  wave  propagation  in 
water,  for  riveted  steel  pipe,  can  be  calculated  approximately  by  the 
recognized  formula: 

12 

\f  CI     \K^  Eh) 
if  proper  allowance  is  made  for  the  effect  of  joint  details. 
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General  Description  of  Experiments. 

In  order  to  avoid  making  this  paper  too  long,  the  writer  assumes 
that  the  reader  is  familiar  with  certain  literature  on  the  subject 
already  available.  In  fact,  before  examining  this  paper,  he  should 
read  at  least  two  papers  to  which  the  writer  refers,  particularly 
"Water-Hammer",  by  Miss  O.  Simin*,  and  also  that  part  of  a  paper 
entitled  "Penstock  and  Surge-Tank  Problems",!  ^Y  Minton  M.  Warren, 
Assoc.  M.  Am.  Soc.  C.  E.,  applying  to  pressure  due  to  slow  or  ordinary 
gate  closures,  together  with  (and  especially)  the  discussion  on  that 
paper  by  the  writer.  Although  it  will  be  found  that  the  writer  (due 
to  the  results  of  the  experiments  described  herein)  has  modified  in 
some  particulars  the  views  he  expressed  in  that  discussion,  certain 
fundamental  ideas  were  brought  out  there  at  considerable  length,  and 
will  not  be  repeated  herein. 

The  experiments  were  made  on  the  penstock  of  the  Drum  Power- 
House,  Fig.  1.  The  gate  arrangement  at  the  lower  end  of  the  pipe 
line  consists  of  four  needle  nozzles  controlling  an  equal  number  of 
Pelton  impulse  wheels.  The  arrangement  of  the  nozzles  is  shown 
in  Fig.  5.  The  nozzles  are  operated  electrically,  and  tests  were  first 
made  to  determine  the  rate,  period,  and  characteristics  of  their  open- 
ing and  closing.  They  were  specially  designed  to  give  a  uniform 
rate  of  gate  opening,  but  practically  do  not  quite  do  so.  The  opening 
and  closing  curves  obtained  are  shown  by  Fig.  6,  which  gives  the 
relation  of  area  of  opening  to  time  of  gate  motion.  The  opening 
curve  shows  an  almost  perfectly  uniform  rate  of  opening.  The  closing 
curve  shows  a  somewhat  slow  start,  probably  due  to  lag  in  the  motor 
operating  the  gate,  and  a  somewhat  accelerated  finish,  perhaps  due 
to  the  increasing  water  pressure  behind  the  needle  of  the  nozzle  as 
the  flow  was  checked.  Each  experimental  point  on  the  diagram  is 
the  result  of  a  number  of  tests. 

During  the  tests  the  nozzles — which  are  deflecting  nozzles — were 
directed  away  from  the  wheels.  It  is  well  to  note  here  that  the 
arrangement  is  such  that,  for  the  full  open  position  of  either  one  or 
more  nozzles,  the  velocity  in  the  26-in.  pipe,  to  which  Gauge  No.  1 
was  attached,  remains  practically  constant. 

*  Proceedings,  American  Water  Works  Assoc,  1904,  p.  341.  This  is  a  review  and 
elaboration  of  the  article  bv  Professor  J.  Joukovsky  in  Memoirs,  Imperial  Academy  of 
.Sciences,  St.  Petersburg,  1897,  Vol.  IX. 

t  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXIX,  p.  23S. 
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Fig.  3. — Drum  Picnstock,  72  Inches  in  Diameter. 


Fig.    1. —  Dr.uM  Penstock,  72  Inches  in  Diameter. 
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Gauges. — The  gaiiges  used  were  Bourdon  recording  gauges,  with 
the  exception  of  No.  1,  which  was  a  Bourdon  indicating  gauge,  and 
each  had  a  range  of  pressure  selected  for  the  point  at  which  it  was 
to  be  used.     All  gauges  were  tested  and   calibrated  carefully   imme- 
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diately  before  being  used.     Gauge  No.   1,   at  the  power-house,   being 
indicating  only,  was  read  for  minimum  and  maximum  points. 

In  considering  the  resulting  curves,  it  is  to  be  noted  that  the 
readings  at  the  power-house  gauge  (No.  1)  and  gauge  charts  at  two 
other    points    were    taken    simultaneously.      This    gives    comparative 
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results   for   effects  of   tlic   same   waves   at  points   varying   in   distance 
from  the  gate. 

Xu  m  e  nclature. — 
^4  =  Area   of   cross-section   of   full   gate   opening,    in 

square  feet; 
.1 ,,  .1...  .1.,^ -i^,  etc.  =  Area    of   cross-section    of   pipe,    in   square    feet, 

corresponding  to  the  diameter  of  Z>j,  D^,  D^, 

a  =  Velocity  of  wave  propagation  in  a  pipe  of  uni- 

form diameter; 

a^,a.,,a..,a^,  ^Velocity  of  wave  pro|)agation  for  lengths  of  pipe, 

Lj,  L^,  L.^,  L^,  etc. ; 

6  =  Thickness  of  pipe  walls,  in  inches ; 

1)  =  Diameter   of  pipe,    in    inches,   where  line  is   of 

constant  diameter; 

/),,  79„,  Z>3,  Z>^,  etc.  =  Diameter  of  pipe  corresponding  to  lengths, 
L^,  L^,  L^,  L^,  in  inches ; 

E  =  Coefficient     of     elasticity     of     steel     taken     at 

30  000  000  lb.  per  sq.  in. ; 

g  =  Acceleration  due  to  gravity,  in  feet  per  second 

=  32.2; 

/)  =  Pressure  rise,  or  fall  from  normal,  measured  in 

feet  of  head  at  any  point  (due  to  pulsations) ; 

k  =  Voluminal  modulus  of  elasticity  of  water,  taken 

at  294  000  lb.  per  sq.   in.; 

L  =  Total  length  of  pipe,  in  feet,  between  the  point 

at    which    the    pressure    is    desired    and    the 
reservoir ; 

L,,  L.„  Z.J,  L^,  etc.  ^Length  of  sections  of  pipe  of  varying  diameter, 
in  feet,  between  the  point  at  which  the  pres- 
sure is  desired  and  the  reservoir,  L^  being  the 
first  section,  starting  at  the  point  at  which 
the  pressure  is  desired; 

Ij.  =:  A  partial  length  of  section,  Lj-,  such  that 

2  L        ^,        [2  L,       2  L,  2  L     .1 

P  =  Pressure,  in  pounds,  due  to  head,  h ; 
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T  =  Time  of  gate  closure  (or  opening),  in  seconds; 

t  =  Time,  in   seconds,  for  wave  to  travel  from  any 

point  to  reservoir  and  return  to  that  point; 

2  L 

tn  ^  One-half  period  of  pipe  = for  pipe  of  uniform 

"  a 

2  L,       2  L,       2  L, 

diameter,  =  —     -| H -^  etc.,  for  pipe 

a,  «2  r/3 

of  varying  diameter,  taking   Lj   from  the  gate 

and  including  all  sections  to  the  reservoir; 

V  =  Velocity  of  flow  in  pipe  of  uniform  diameter,  in 

feet  per  second,  at  beginning  of  gate  motion; 

^1,  ^o,  1-^3,  y^,  etc.  =  Velocity  of  flow,  in  feet  per  second,  in  sections 
of  pipe  of  diameter,  D-^,  D^,  D^,  D^,  respec- 
tively, at  beginning  of  gate  motion ; 

Vj^,  v^,  v^,  v^,  etc.  =  Velocity  of  flow,  in  feet  per  second,  in  sections 
of  pipe  of  diameter,  D^,  D^,  D.„  D ^,  respec- 
tively, at  end  of  gate  motion ; 

w  =  Weight  of  water  per  cubic  foot,  taken  at  62.4  lb. ; 

Vx,aj.,A^,ave  values  corresponding  to  V^,  a^,  A^,  at  the  point,  X,  in 
the  pipe  line. 

Slow  gate  closure  is  defined  as  one  in  a  time  greater  than  t^.  Rapid 
gate  closure  is  one  in  a  time  less  than  t^. 

Experiments. — The  following  experiments  for  various  gate  motions 
were  made : 

^''^  '^^'-  '■  July  15th,  1915. 

Four  nozzles  opened  simultaneously,  left  open  5  min..  and  closed 
simultaneously.     Record  taken  at  Gauge  Points  Nos.  2  and  3. 

Test  No.  2.  j^iy  -^5^^^^  ^g^g^ 

Four  nozzles  opened  simultaneously,  left  open  5  min.,  and  closed 
simultaneously.     Records  taken  at  Gauge  Points  N"os.  2  and  3. 

Test  No.  3.  j^iy  ^5^^^^  -^9^5_ 

Four  nozzles  opened  simultaneously,  left  open  5  min.,  and  closed 
simultaneously. 

Chart  No.  3-A  (Fig.  7)  Gauge  No.  2.    Both  opening  and  closing. 
Chart  No.  3-B  (Fig.  8)  Gauge  No.  3.    Both  opening  and  closing. 
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Fig.   7. 


Fig.   8. 
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TrsI   So.  6. 

July   19th,    1915. 
Two   nozzles   opened    siimiltiuieously,    left  open   3   min.,   and  closed 
sinniltaneously.     llecords  taken  at  Gauge  Points  Nos.  1  and  2. 

Readings  on  Gauge  No.  1. 


570  i'  niin. 

571 

560 

564 

562 

564  open 


Xote. — The  time  indicated  opposite  these  pressures  is  from  the  time 
of  starting  to  open. 

Test  No.  7. 

July  19th,  1915. 
Two    nozzles   opened   simultaneously,   left   open   3   min.,   and   then 
closed  simultaneously.     Records  taken  at  Gauge  Points  Nos.  1  and  2. 


5G6  clo 

sing 

585  6  min. 

568 

578 

572 

585 

580  5^ 

min. 

584 

595 

584 

597 

580  Si  min, 

574 

584 

574 

590 

Readings  on  Gauge  No.  1. 


581^  lb.  closed 

670 

684 

76 

74 

82 

70 

84 

584 

58 

95 

80 

62 

97 

83 

63 

85  closed 

80 

64    open 

78 

83 

665     closing 

79 

Test  No.  8. 

July  19th,  1915. 
Two   nozzles  opened   simultaneously,   left  open   3   min.,   and  then 
closed  simultaneously.     Records  taken  at  Gauge  Points  Xos.  1  and  2. 
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Readings  on  Gauge  No.  1. 


581i  lb.  closed 

566  closing 

674 

584 

582 

74 

68 

82 

80 

81 

72 

70 

88 

84 

81  7i  min.  total 

62 

74 

78 

83 

58 

90 

86 

84 

64    open 

98 

78 

83 

96  closed 

84 

80 

Test  No.  9. 

July  19th,  1915. 
Two  nozzles  opened  simultaneously,  left  open  3  min.,  and  closed 
simultaneously. 

Chart  No.  9-B  (Fig.     9)  Gauge  No.  2.     Closing  nozzles. 
Chart  No.  9-D   (Fig.  10)  Gauge  No.  3.     Closing  nozzles. 

Readings  on  Gauge  No.  1. 


581*  lb.  closed 

568 

closing 

578 

582 

580 

74 

72 

86 

80 

84  ^l   min.  total 

72 

80 

82 

82 

66 

96 

79 

78 

58 

96 

86 

84 

62 

80  closed 

80 

80 

64    open 

88 

78 

84 

Test  No.  10. 

July  19th,  1915. 
Two   nozzles   opened   simultaneously,   left   open   3   min.,   and   then 
closed  simultaneously. 

Chart  No.  10-A  (Fig.  11)  Gauge  No.  2.     Opening  nozzles. 
Chart  No.  10-C  (Fig.  12)  Gauge  No.  3.     Opening  nozzles. 


Readings  on  Gauge  No.  1. 


581i  lb.  closed 

567 

569 

594 

583 

72 

558 

72 

96  closed 

81 

76 

564  open 

80 

80 

82 

71 

566  closing 

98 

84 

82  Total  time  7  min. 
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Fig.  9. 
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Test  No.  IS.  j^^^  ^^^^^  ^^^^ 

Opened   one  nozzle,   left  o{)en   3   niin..   and   tlicu   closed.  -  Records 
taken  at  Giuig:e  Points  Nos.  1,  2,  and  3. 

Eeadings  on  Gauge  No.  1. 
581J  closed        92  closing 
70  84  total  time   7  luin.  40  sec. 

Test  No.  IJf.  T   ,     H,    1     ^r^-ir- 

July  I'Jth,  1915. 

Opened  one  nozzle,  left  open  '6  iiiin..  and  then  closed. 

Chart  No.  14-A  (Fig.  13)  Gauge  No.  2.     Opening  nozzle. 

"     No.  14-B  (Fig.  14)  Gauge  No.  2.    Closing  nozzle. 

"     No.  14-C  (Fig.  15)  Gauge  No.  3.     Opening  nozzle. 

''     No.  14-D  (Fig.  10)  Gauge  No.  3.    Closing  nozzle. 

Readings  on  Gauge  No.  1. 
581^  closed        57(5  closing 


80 

78 

78 

88 

70 

92 

72 

90 

74 

opened   82 

84 

Test  No.  15. 

July  19th,  1915. 

Four  nozzles  opened   simultaneously,  held  open   3   min.,  and  then 
closed  simultaneously. 

Chart  No.  15- A  (Fig.  17)  Gauge  No.  2.    Opening  nozzles. 
Chart  No.  15-B  (Fig.  18)  Gauge  No.  2.     Closing  nozzles. 
Chart  No.  15-C  (Fig.  19)  Gauge  No.  3.     Opening  nozzles. 
Chart  No.  15-D  (Fig.  20)  Gauge  No.  3.    Closing  nozzles. 

Gauge  Headings. 

5821b.  closed  540  open  598 

80  48  closing  570-98  vibrating 

63  56  74-92         " 

58  70  78-90        " 

44  000  .         70-92   total  time   7^   min. 

32  608 
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Test  No.  16.  .  ,  , 

July  19th,  1915. 

Four  nozzles  opened  simultaneously,  held  open  3  min.,   and  then 

closed  simultaneously.    Records  taken  at  Gauge  Points  Nos.  1,  2,  and  3. 

Chart  No.  16-A  (Fig.  21)  Gauge  No.  2.    Opening  nozzles. 

Chart  No.  16-B  (Fig.  22)  Gauge  No.  2.    Closing  nozzles. 

Readings  on  Gauge  No.  1. 
582^  lb.  closed    534  556     610 

70  38  70     575 

62  40  open       608       80 

58  48  closing  612       85  total  time  7  min. 

Test  No.  IS.  ^  ,       r.  . 

July  18th,  1915. 

Opened   two   nozzles   simultaneously,   held   open   3   min.,   and  then 

closed  simultaneously.    Records  taken  at  Gauge  Points  Nos.  1,  3,  and  4. 

Readings  on  Gauge  No.  1. 


582  closed 

75 

562 

578 

595 

72 

70 

65 

80 

98  closed 

78 

70 

66  open 

84 

74 

62 

70  closing 

88 

Readings  taken 

80 

61 

72 

97 

about  every  I 

72 

65 

74 

98 

min. 

76 

65 

76 

96 

Note. — Evidently  had  a  different  man  reading  this  gauge  than  for 
the  previous  experiments. 

Test  No.  19.  ^  .  , 

July  18th,  1915. 

Opened   two   nozzles   simultaneously,   held  open   3   min.,   and  then 

closed  simultaneously.    Records  taken  at  Gauge  Points  Nos.  1,  3,  and  4. 

Chart  No.  19-A  (Fig.  23)  Gauge  No.  4.     Opening  nozzles. 

Chart  No.  19-B  (Fig.  24)  Gauge  No.  4.     Closing  nozzles. 

Readings  on  Gauge  No.  1. 
582  closed        573  closing 
570  599 

560  582 

566  open  583  closed.     Readings  taken  every  J  min. 
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Fig.  14. 
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Fig.   15. 


Fig.   16. 
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Fig.  18. 
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Fig.  19. 


^-  A/^^ 


..bt" 


/y^^.'^fiS 


z?fe^jt-*   / 


^.^i 


.;>' 


A4XX^M^^ 


Fig.   20. 
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Fig.  22. 
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Fig.   24. 
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It  is  to  be  iit)toi]  that  charts  wore  obtained  lor  each  and  every  test, 
but,  in  the  foregoing",  only  the  numbers  of  those  charts  which  are 
published  herein  are  given.  These,  however,  are  typical  of  the  others, 
and,  in  fact,  the  similarity  of  the  charts  produced  by  a  repetition  of 
the  same  gate  inotioii  is  remarkable. 

A  summary  of  the  results  of  all  the  tests  is  given  in  Table  1. 

Velociti/. — The  quantity  of  water  flowing  has  been  ascertained  from 
till'  lucssiirt'  readings  at  the  nozzle  by  using  the  formula, 


Q  =  A 


2gH 


^ay-& 


.((;) 


Gaujje  Point  Xo,  1 
Drum  PowcT-huuso 


PROFILE  OF  DRUM   PENSTOCK  LINE 
SHOWING   POSITION  OF  GAUGES 


Fig.  2.5. 


and,  from  this  value,  the  velocities  at  various  points  of  the  pipe  line 
liave  been  deduced. 

Where  -1    =^  area   of  the  nozzle  opening  =  46.96  sq  in.  =  0.326 
sq.  ft. ; 
.4  J  ^  area  of  the  pipe  leading  to  the  nozzle  =  405.4  sq.  in. 

=  2.82  sq.  ft. ; 
C  ::^the  coefficient  of  discharge  =  0.96; 
H  ^=  the  pressure  head  at  the  entrance  to  the  nozzle,  as 
shown  by  Gauge  No.  1. 
Pipp  Line. — Table  2  states  the  physical  data  of  the  pipe  line. 
The  nozzle  arrangement  and  the  position  of  Gauge  No.  1  are  shown 
on  Fig.  5.     This  line  was  of  riveted  steel. 
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Diampter, 

Thickness  of  metal, 

Length, 

Type  of  pipe. 

in  inches. 

in  inches. 

in  feet. 

Lap-rivetPd. 

73 

Vi 

1714.6 

I.          n 

73 

¥l8 

1  147 

I.          11 

72 

% 

480 

Butt  strap. 

72 

% 

7H0 

•'         " 

72 

yi« 

65 

n 

6(} 

Via 

244 

(lO 

Vs 

123 

I. 

66 

«i6 

119 

66 

'^'s 

103 

66 

iyi6 

97 

'•          " 

66 

% 

82 

60 

% 

114 

"          '■ 

60 

isAe 

153 

60 

% 

96 

11          11 

60 

i%« 

98 

».          I' 

60 

1 

71 

,k         11 

60 

IVia 

97 

"          " 

60 

lys 

99 

54 

IVlB 

91 

54 

iVs 

113 

54 

13A6 

117 

"          " 

54 

ly* 

134.4 

"          " 

52 

1% 

194.17 

Cast  steel. 

36 

IVa 

18 

" 

26 

% 

33.25  aver. 

"       "    taper. 

26  to  20 

IVs 

4 

Total  length 

6  337.42 

Fig.  25  is  a  diag-rammatic  profile  of  the  line  showing  the  positions 
of  the  gauges  used  to  record  the  pulsation  effects.  The  end  of  the 
pix)e  line  at  the  forebay  reservoir  is  wide  open. 

Magnitude  of  Pulsation. — A  study  of  these  charts  developed  the 
fact  that  the  magnitude  of  the  pulsation  (that  is,  the  wave  pressure) 

/  -  ^^  T'  X 

was  more  nearly  in  accord  with  Professor  Joukovsky's  formula  (      ^        ) 

than  with  some  of  tho,se  advanced  more  recently.  It  was  observed, 
however,  that  although  there  was  a  rather  close  agreement  for  Gauge 
Points  Nos.  2,  3,  and  4,  the  formula  did  not  accord  at  all  with  the 
results  at  Point  No.  1.  As  Gauge  Points  Nos.  2,  3,  and  4,  were  in  such 
positions  that  the  pipe  above  them  was  of  imiform  diameter,  and  the 
pipe  above  Gauge  No.  1  was  of  varying  diameter,  it  was  decided  to 
endeavor  to  obtain  a  formula  applicable  to  a  line  of  varying  diainej;er. 
By  a  study  of  the  principles  advanced  by  Professor  Joukovsky, 
Formula  1  was  developed  for  a  pipe  of  varying  diameter.  It  will 
be  remembered  that,  after  proving  that  the  maximum  possible  wave 

nV 


pressure  due  to  instantaneous  gate  closure  was  -  '   ,  Professor  Joukovsky 

g 
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assumed  that  a  gate  closure  in  finite  time  could  be  taken  as  made  up 
of  a  succeeding  series  of  partial  instantaneous  gate  closures,  in^ which 
ease,  the  i)ressure  would  rise  by  increments  at  the  rate  of 

g  V 

0 
T  ' 

:nul  that  this  pressure  rise  would  continue  for  the  time,  T,  or  until  a 

2  L 

retli'ctt'd  wavi'  troiu  tiie  ri'scrvoir  would  cut  it  short  in  a  tiuie, 

a 

Assuming  such  to  be  the  case  for  a  pipe  of  uniform  diameter, 

it  must  be  evident  that,  in  a  pipe  of  varying  diameter,  any  section 

of   the   line   of   larger   diameter   may   be   regarded    as    an    imaginary 

reservoir,    or    a    ix)int   of   pressure   relief   for   all   points   below   it,   or 

rather  between  it  and  the  gates.     For,  although  an  instantaneous  gate 

motion  will  produce  a  wave,^ — -,  in  magnitude,  in  a  pipe  of  diameter, 

/)j.  it  will  continue  on  through  a  pipe  of  diameter,  D,^  with  a  magnitude 

a.  V   * 
onh'  of  -- — —.       Therefore,  when  a  wave  reaches  the  first  point  of  in- 

0 
crease  in  diameter  in  the  line,  a  partial  relief  of  pressure  occurs,  and  a 

return  relief  wave  is  started  back  toward  the  gate,  where  it  will  arrive 

2  L, 

in  tlie  time, -.     Similarlv.  partial  relief  waves  will  be  started  at  each 

«i 
point  of  change  in  the  section  of  the  pipe.     Following  this  conception, 

it  is  evident  that  a  pressure  wave  started  at  the  gate  will  increase  at  the 

«i  ^\ 

Q  2  L, 

rate, ,  for  a  time, -,  when  the  first  partial  relief  Avave  reaches  the 

T  Oj 

gate.     Then,  the  pressure  will  continue  to  increase  at  the  rate, 


T     ' 


2  L, 

for  a  time, =,  etc.,  luitil.  during  a  final  period  equal  to, 

'   2  L,        2  i,       2  i,  ^^2^\   I 


—    ( ^  +  -'+  ^+       .      .      .       .       +  —  ) 


'  T 


(J 

the  rise  is  at  the  rate  of  — — — .     When  the  gate  completes  its  motion,  the 

*  See  Professor  Joukovsky's  method  of  calculation  of  maximum  pressure  in  paper 
by  O.  Simin. 
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maximum  pressure  at  the  gate  is  reached.     This  maximum  pressure  will 
then  evidently  be, 

2  L 


gT    ■     a,    ^IgT, 


+ 


+ 
Now,  let, 


a^  V 


't(: 


2  L,       2  L., 


+ 


g  T 
2X 


—  [)■■ 


(') 


/2_Xi        2  X, 


+ 


(-^) 


producing  a  convention  whereby,  for  the  purpose  of  calculation,  the 
pipe  line  is  terminated  at  the  last  point  from  which  an  imaginary 
relief  wave  could  return  to  the  gate,  arriving  in  just  a  time,  T,  when 
the  gate  completes  its  motion. 


-L, 


-L<r 


'*[*~-t^x_i^Y~  a 


nr 


X 


--JU. 


Fig.  26. 


Introducing  this  value  for  T  in  Equation   (7)   reduces  it  to  the 


form 


h 


g  T 


(L,V,  +  L,V,+    ....    +i,_iF,_i  +  Z,  FJ..(1) 


Having  solved  Equation  (8),  I/j  +  L^ -\-  L.^  +  L^_^  +  l^  will  be  the 
length  of  line  to  consider  in  fixing  maximum  pressure,  and  may  be 
represented  by  OX  in  Fig.  26,  where  0  represents  the  gate  and  X 
the  farthest  point  from  it.  Note  that,  ordinarily,  X  will  not  be  a 
point  of  change  of  pipe  section,  and  that,  ordinarily,  1^  Avill  not  be  a 
full  length  of  section. 

Referring  to  Equation  (1),  it  is  evident  that,  for  slow  gate  closure, 
as  T  is  less  than  t^,  X  falls  in  the  reservoir  and  F^  is  0,  and  the 
equation  becomes 

2  (Lj  Fj  +  ^2  F2  +  X3  F3+      .     .     .     etc.) 


h  =- 


UT 


(2) 


in  which  all  sections  of  the  pipe  are  used  for  the  full  length  of  the 
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lino.     This  i.s,  thoii.   the  eciuatioii   for  slow  f?ate  closure  with  pipe  of 

varying  diameter. 

For  a  pii>e  of  uniform  diameter  with  slow  g-ate  closure,  Equation 

(2)   rediioes  to  the  form, 

2  L    V 
h  ^         '     ' (3) 

the  formula  advanced  by  Professor  Joiikovsky. 

Although  these  equations  were  deduced  for  pressure  at  the  gate, 
it  is  evident  that  they  will  hold  true  for  any  point  in  the  line,  inas- 
much as  the  first  wave  produced  by  gate  closure  at  any  point  in 
the  line  is  the  same  as  though  an  imaginary  gate  were  closed  at  this 
point  in  the  same  time,  2\  as  the  actual  gate  is  closed.  In  reference 
to  this,  one  should  note  carefully  the  definition  of  L^.  L.,,  L.„  etc.,  as 
these  vary  for  different  points. 

In  Equations  (1),   (2),  and  (3),  h  is  limited  to  a  maximum  value 

e(iual  to  -- — ',  and  this  maximum  will  occur  at  some  point  in  the  line 

y 

2  L, 

for  all   values  of   T  <   ■    and  for  all   points  in  a  line  of  uniform 

"i 
diameter  with  instantaneous  gate  closure. 

In  order  not  to  lengthen  this  paper  unduly,  the  %vriter  will  not 
discuss  this  limiting  value  and  its  application  here,  but  will  refer  to 
his  discussion  of  Mr.  Warren's  paper  (previously  mentioned)  in  which 
he  has  gone  rather  fully  into  the  matter. 

Equation  (2)  is  the  one  applicable  to  the  experiment  described 
herein  because  of  the  slow  gate  closure.  Equation  (2)  may  also  be 
deduced  mathematically,  as  follows,  using  as  a  basis  the  proposition 
of  mechanics  that 

Impulse  =  Force  X  Time  =  Change  in  Momentum. 

The  total  change  in  momentum, 

w  A^  T",  Lj         w  A^  f,  L 


2 2 2 2_2 2         _(_    ^^^. .,,x 

or,  where  the  change  in   momentum  is  measured  from  or  to  a  com- 
plete state  of  rest,  this  becomes 

WA,L,  F.        WA..L.V., 

\ — ! 1  ^ 1 — 2 — I  _(_  etc (10) 

as  r,  =  v„  =  r,  =  0. 
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W  A  h 

The  impulse,  or  product  of  force  and  time,   would   be  • — - —  X  T, 

h 
where  A  represents  the  area  of  the  gate  opening  and  —  is  used  as  the 

average  pressure  head. 

The  assumption  that  the  average  force  during  the  time  of  gate 
movement  is  equal  to  the  maximum  force  divided  by  two  would  seem 
to  be  logical,  in  that,  as  the  gate  closes  uniformly,  it  exposes  to  the 
flowing  column  a  surface  of  impedance  which  varies  uniformly  from 
zero  to  a  maximum.  It  Vi'ould  seem,  therefore,  that  the  force  resisting 
the  flow  would  vary  in  the  same  ratio. 

Equating,  we  have, 

WAh^^WA,L,V,^WA,L,V,^^^^ ^,,^ 


^ 


^ 


\r. 


111. 


Fig.  27. 
It  is  to  be  noted,  however,  that,  although  the  cross-sectional  area 
of  the  pipe  may  vary,  only  that  portion  of  the  water  column  having 
a  cross-sectional  area  equal  to  that  of  the  gate  opening  will  be  stopped 
directly  by  the  pressure  developed  on  the  gate.  (See  Fig.  27.)  The 
remainder  of  the  resisting  force  will  be  developed  at  the  points  of 
change  of  diameter  of  the  pipe  by  the  increased  pressure  at  these  points. 
This  formula,  therefore,  becomes  Equation   (2) 

2  (  Lj  Fj  +  i,  F2  -f  X3  F3  +       ....     etc.) 


h  = 


gT 


(•2) 


It  might  be  noted  that  Mr.  Warren,  in  using  the  impulse  momentum 
principle   to   develop   a   pressure   formula   for   slow   gate   closure,   has 

assumed  the  time  element  for  the  impulse  action  to  be  equal  to  (  T  H — -)  , 

in  place  of  T,  in  view  of  the  fact  that  the  water  column  is  not  com- 

L 

pletely  brought  to  rest  until  a  time,  — ,  after    the    gate    has    tinally 


completed  its  motion.    This,  however,  the  writer  believes  to  be  incorrect, 
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t'l)!-  tlu'  following:  reason:  The  first  impulse  increment  or  wave  at 
the  bejiinninj?  of  g'ate  motion,  altliou^li  innnediately  affecting  the-vyater 
at  the  gate,   would  not  affect  tiic  final   portion   of   the  water  colunni 

at  the  reservoir  until  a  titne.     "  .   after    the  irate    had   be^un   its  motion. 

(I 

Siiiiihirly  (as  ^Ir.  Warren  i)oints  out),  the  effect  of  the  last  incre- 
ment   of    force    from    the    gate    would    not    affect    the    portion    of    th(> 

water  roluuiu  at  the  reservoir  until  a   time.  — ,    after    the    uate     liad 

a 

completed   its   motion,   but,   evidently,   these  two  effects  balance,   and 

every  i)ortion   of  the  water  colunm    has   becni   acted   on   only  for  the 

time,  T . 

Xorinal  Pressure  Curve. — In  interi)reting  the  charts,  it  must  be 
noted  carefully  that  the  value  of  /(  here  referred  to  is  the  increased 
pressure  due  to  pulsations  only,  and,  therefore,  measurements  of  h 
must  be  made  with  reference  to  the  normal  position  of  the  hydraulic 
firadient  at  the  same  instant.  As  the  gate  moves,  there  is  a  gradual 
change  in  the  normal  position  of  the  hydraulic  gradient  at  that  point 
(from  flow  to  static  ixjsition  or  its  rev^erse),  due  to  change  in  velocity 
liead  and  friction  losses. 

Fig.  28  shows  diagrammatically  such  typical  normal  pressure 
change,  for  opening  and  closing,  respectively,  at  a  point  near  the 
gate  of  the  Drum  pipe  line.  For  purposes  of  comparison  the  normal 
line  for  closing  (shown  in  the  upper  left  part  of  Fig.  29)  has  been 
replotted  on  the  right  of  one  of  the  gauge  charts. 

In  considering  wave  pulsations  due  to  gate  motion,  they  must 
be  considered  and  measured  with  reference  to  such  a  normal  curve. 
For  instance,  a  wave  form  of  Type  5,  Fig.  30,  superimposed  in  such 
a  normal  curve  would  give  the  result  shown  at  the  right  of  Fig.  29. 
The  writer  thinks  that  this  feature  has  sometimes  been  overlooked  by 
investigators  in  the  past,  and  the  magnitude  of  the  wave  pressure 
has  been  considered  with  reference  to  static  conditions  rather  than 
with  reference  to  normal,  as  defined  above. 

Herein,  wherever  pressure  is  noted  as  above  or  below  "normal"  the 
writer  refers  to  the  pressure  variation  above  or  below  the  normal 
curve,  as  defined  above,  and  all  values  of  /;  are  so  taken. 

Discussion  of  Results. — The  last  colunm  of  Table  1  shows  the 
theoretical    values    of    p    for    each    experiment,    where    p.    in    pounds, 


163G 


PULSATIONS   IN   PIPE   LINES 


[Papers. 


0 
10 

73  20 

03 
9) 
W 

^  30 

o 

|40 

O50 

o 
«  60 

§> 

|70 
§3 
f^80 

on 

^ 

>v^ 

y 

HEAD   LOSS-TIME  CURVES 
FOR  VELOCITY  AND 
FRICTION   HEAD    LOSS 
Note:- 

Gate  assumed  to  be  opened  at  a  uni- 
form speed  in  69  sec. 
Penstock  velocity  assumed  to  vary 
directly  as  the  time  of  opening  or 
closing  nozzle. 

Velocity  and  friction  head  loss  as- 
sumed to  vary  as  the  square  of  the 
velocity  in  the  penstock. 

/ 

/ 

/ 

/ 

y 

100 

^ 

0 
10 

-«20 

c3 
01 

W  30 

O 

3  40 

« 

"8  50 
H 

Seo 
fro 

^  80 
90 
inn 

^- 

^-^ 

^ 

^ 

\ 

\ 

\ 

\. 

\ 

\ 

\, 

N 

s. 

\ 

\ 

10 


20  30  40  50 

Tirae.in  Seconds,  from  Initial  Position  of  Gate 


60 


Papers.  1 


PULSATIONS   IN   PIPE   LINES 


1G3^ 


=  0.434  h,  and  where  h  has  been  calculated  from  Equation  (2).  The 
values  of  /(  have  been  converted  into  pounds  for  ready  comparison 
with  the  gauge  readings.  In  comparing  such  calculated  values  with 
the  average  of  observed  values,  the  agreement  is  thought  to  be  remark- 
ably close,  both  for  opening  and  closing  waves.  These  results  certainly 
seem  to  substantiate  the  formula  advanced,  not  only  at  the  gate,  but 
for  any  other  ])oint  in  the  line,  and  for  varying  velocities.  The  time 
element  shown  in  Table  1  is  the  time  (after  the  gate  begins  its  motion) 
when  the  maxinmm  effect  was  observed,  and  this  is  noted  in  order 
that  the  correct  position  of  the  normal  at  the  same  instant  may  be 
taken. 


Fig.  29. 
Up  to  the  time  of  this  study,  in  endeavoring  to  use  the  formulas 
heretofore  advanced,  the  writer  had  always  taken  the  value  of  V  in 
such  formulas  as  the  velocity  of  flow  past  the  point  at  which  the 
pressure  was  desired.  That  this  cannot  be  the  case  is  very  clearly 
brought  out  by  the  results  obtained  at  Gauge  No.  1,  where,  due  to 
the  arrangement  of  nozzles,  the  velocity  of  flow  was  practically 
constant;   at   the  same  time,   the   wave  pressure  can  be  seen  to  have 
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varied  almost  directly  with  the  number  of  gates  opened,  or,  in  other 
words,  with  the  velocity  in  the  main  body  of  the 'pipe  line. 

Wave  Si/titJiesis. — In  reviewing  the  charts,  it  was  noted  at  once 
that  thcj'^  were  quite  dilferent  in  form  for  points  away  from  the  gate 
from  any  wave  curves  previously  obtained  by  other  investigators  (so 
far  as  the  writer  knows).  Previous  wave  forms,  in  general,  have 
shown  a  period  of  normal  pressure  between  each  super-normal  and 
sub-normal  crest.  In  an  endeavor  to  account  for  this,  a  study  of 
probable  wave  forms  was  made.  The  writer  has  always  felt  that 
the  synthetical  method  advanced  by  Professor  Joukovsky  (which  is 
clearly  explained  by  Miss  Simin*)  was  very  useful  in  studying  prob- 
able wave  effects,  and  such  study  in  the  past  has  been  very  helpful 
to  him. 

A  number  of  studies  by  such  method  were  made  on  the  probable 
wave  forms  which  could  be  expected  in  conformity  with  the  conditions 
existing  in  the  Drum  penstock.  By  such  study,  in  addition  to 
explaining  the  foregoing  form  difference,  a  number  of  features  were 
discovered  which  the  writer  believes  to  be  of  considerable  interest. 

Figs.  30  and  31  cover  one  of  a  series  of  these  studies,  and  have 
been  plotted  for  Gauge  Point  'No.  2.  It  is  to  be  noted  that  the  varying 
wave  forms  in  these  diagrams  are  correct  to  horizontal  scale  only, 
and  that  the  vertical  scale  is  a  varying  one  simply  for  con- 
venience in  plotting.  Although  the  wave  forms  given,  there- 
fore, are  characteristic,  they  are  not  to  scale  in  magnitude. 
In  Fig.  31  have  been  built  up  sixteen  succeeding  forms 
of  wave  whicli  would  be  obtained  with  sixteen  assumptions  of  time 
of  gate  closure,  each  varying  by  i  sec.  From  such  a  series  the  inter- 
esting discovery  was  made  that  the  series  of  wave  forms  is  a  recurring 
one  every  7  sec.  In  other  words,  gate  closures  of  7,  14,  or  21  sec. 
will  have  the  same  corresponding  wave  form  (the  magnitude,  of 
course,  will  decrease  with  each  succeeding  length  of  the  time  of  gate 

4  L 
opening).     As  7  sec.  is  equal  to   ,  it  will  be  seen,  as  might  have 

been  expected,  that  the  wave  form  is  influenced  only  by  the  phase  in 
which  a  partial  wave  meets  on  its  return  to  the  gate  a  new  wave 
"just  starting." 

*  Proceedings,  Am.  Water  Works  Assoc,  1904,  p.  341. 
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WAVE  FORM   DIAGRAMS  FOR  VARIATION   IN  TIME 

OF  GATE  CLOSURE,  GAUGE  POINT  NO.  2 

Klapscil  Time,  In  Seconds,  of  Actual  Gate  Motion 
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WAVE  FORM  DIAGRAMS  FOR  VARIATION   IN  TIME  OF  GATE  CLOSURE, 
GAUGE  POINT  NO. 2 
Elapsed  Time,  in  Secoiicls,  of  Actual  Gate  Motion 
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Elapsed  Time,  In  Seconds,  of  Apparent  Gate  Motion 
Fig.   31. 
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From  this  diagram  it  is  seen  that  certain  wave  forms  have  a  period 
of  normal  pressure  between  super-normal  and  sub-normal  crest,  and 
that  others  do  not.     It  is  to  be  further  noted,  on  Fig.  30,  that,  for 

2  L 
a  pt'iiod  of   iiate  closure  less  than  .  all  the  wave  forms  which  occur 

a 

have  such  normal  periods.     Fig.  30  has  been  drawn  to  show  the  forms 

occurring  in  the  first  cycle,  that  is,  for  gate  opening  of  periods  ranging 

from   0   to  .      For    the    first    cvcle   the    wave    forms   are   somewhat 

a 

ditferent  from  those  for  any  succeeding  cycle. 

As  previous  experimenters  have  used  very  short  periods  of  gate 
closure,  the  resulting  wave  forms  have  always  been  confined  to  this 
portion  of  the  series. 

In  connection  with  Figs.  30  and  31,  it  is  to  be  noted  that  the 
portion  of  the  wave  shown  to  the  left  of  the  dotted  diagonal  line  across 
the  diagram  represents  the  wave  form  during  the  gate  motion,  and 
that  portion  to  the  right  represents  the  wave  form  after  the  gate 
motion  has  been  completed.  It  should  be  noted  that  no  sub-normal 
pressures  can  occur  previous  to  the  completion  of  gate  motion;  but, 
after  a  motion  is  completed,  the  sub-normal  pressure  is  practically 
of  as  great  a  magnitude,  but  with  reverse  sign,  as  the  super-normal 
pressure.     This  agrees  fully  with  the  charts  obtained  in  the  tests. 

An  inspection  of  the  test  charts,  however,  failed  to  show  any  wave 
crests  until  the  gate  had  been  approximately  three-quarters  closed, 
and  this  is  explained  by  the  fact  that  any  greater  opening  permits 
reflected  waves  to  pass  out  through  the  gate.  Such  failure  to  reflect 
secondary  waves  at  the  gate  would  eliminate  wave  crest  previous 
to  the  completion  of  gate  motion,  as  a  little  investigation  of  the 
diagram,  Fig.  31,  will  show.  At  about  three-quarters  gate  motion, 
reflection  apparently  begins  to  occur.  It  is  to  be  borne  in  mind  in 
this  matter  that  the  nozzle  has  only  a  diameter  of  approximately  8^ 
in.,  whereas  the  penstock  ranges  from  72  to  52  in.  Thus,  the  full 
gate  opening  is  only  a  very  small  portion  of  the  cross-section  of  the 
moving  water  column.  Had  the  experiments  been  made  on  the  ordi- 
nary gate,  having  an  opening  equal  to  the  full  cross-section  of  the 
pipe  line,  the  probabilities  are  that  practically  no  reflections  would 
have  occurred  until  the  very  last  portion  of  the  gate  motion.  Such 
results  would  give  an   apparent  wave  form  similar  to  that  on  which 
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Mr.   Warren   has  based  his  conclusions.     Although   there   is  no  limit 

a  V 
in   magnitude    (except  that   for  instantaneous  gate    closure,  )   for 

the  portion  of  the  wave  formed  during  the  gate  motion,  the  studies 
herein  submitted  will  show  that  certain  ratios  of  length  of  penstock 
to  time  of  closure  should  tend  to  damp  and  reduce  both  the  magnitude 
and  the  number  of  the  waves  after  the  gate  closure  has  been  completed. 
When  it  is  seen — as  by  the  charts — that  the  pulsations  may  last  from 
5  to  10  min.  in  the  ordinary  penstock,  it  will  be  at  once  apparent 
that  the  ultimate  destructive  effect  on  any  line  might  be  importantly 
reduced  by  choosing  a  proper  time  of  gate  closure. 

Below  the  sixteen  forms  studied  in  Fig.  31,  is  shown  the  form 
for  the  ac'tual  gate  period,  69  sec.  This  corresponds  to  Wave  Type 
3.  Although  this  might  apparently  be  considered  nonconformative 
to  the  actual  chart  wave,  it  will  be  noted,  from  the  curve  of  gate 
opening,  that  the  gate  does  not  close  quite  uniformly,  but  Jias  an 
increasing  rate  of  closure  at  the  end  which  might  draw  the  wave  into 
a  different  phase  from  that  which  would  otherwise  be  expected.  A 
final  rate  of  gate  motion  corresponding  to  a  time  of  opening  of  68  sec. 
should  apparently  give  a  wave  form  corresponding  to  Wave  Type  5, 
Fig.  31,  which  is  more  nearly  what  was  actually  obtained. 

From  this  it  would  seem  that  by  a  slight  adjustment  of  the  time 
of  gate  opening  between  any  65  and  Yl  sec,  some  better  form  of 
wave  might  be  obtained  in  the  Drum  line  than  that  actvially  now 
existing. 

Amplitude  of  Vibration. — Finally,  a  study  was  made  to  ascertain, 

if  possible,  how  closely  the  formula  for  velocity  of  wave  propagation 

12 

(•">) 
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could  be  made  to  apply  to  riveted  pipe  lines.    Accordingly,  the  varying 
values  of  a^,  a^,  a^,  etc.,  were  calculated. 

In  using  the  formula  in  connection  with  the  riveted  pipe,  it  was 
necessary  to  make  allowance  for  the  effect  of  joints  and  laps  on  the 
rigidity  of  the  pipe,  and  therefore  on  the  speed  of  wave  propagation, 
a.  Allowance  was  made  for  roundabout  laps  and  butt  straps  by 
adding  the  total  length  of  such  joints  parallel  to  the  axis  of  the  nipe 
and  calculating  the  time  element  for  an  equal  length  of  pipe  having' 
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a  thic'kiu'tfs  equal  to  double  the  nominal  thickness  of  pipe  for  lap- 
riv(>t('(l  work,  and  for  the  butt-strap  material,  using  a  thickness  equal 
to   the  iKUiiinal    thickness  plus  the  tliickness  of  the  roundabout  strap. 

To  compensate  for  the  extra  rigidity  and  resistance  to  diametrical 
stretch  of  the  loTigitudinal  joint,  the  additional  quantity  of  metal  in 
tension  was  comi)uted  as  uniformly  distributed  around  the  pipe,  that 
is.  an  avi'rage  thickness,  taken  over  and  above  nominal,  was  used. 

The  results  obtained  by  such  method  gave  a  period  of  8.76  sec, 
as  compared  with  a  very  uniform  wave  length  of  6.95  sec.  given  by 
the  charts.  Although  this  did  not  give  as  close  an  agreement  as 
the  writer  luul  ImpcMl  for,  tlie  discrepancy  is  probably  due  to  the  fact 
tliat  iioniiual  instead  of  actual  diameters  and  thicknesses  of  pipes 
were  used.  This  wave  period  has  in  no  wise  entered  into  the  fore- 
going tables  or  calculations,  but  was  calculated  as  a  matter  of  interest. 
It  would  be  of  use  in  the  case  of  a  rapidly  moving  gate,  as  entering 
into  the  maximum  possible  value  of  h. 

In  conclusion,  the  writer  again  calls  attention  to  the  fact  that 
the  results  of  these  experiments  show  the  importance  of  allowing  for 
water-hammer  in  the  design  of  pipe  lines,  and  that,  even  for  slow- 
moving  gates,  the  matter  cannot  be  safely  overlooked.  Finally,  he 
hopes  that  others  interested  in  this  subject  will  discuss  these  results 
and  pass  judgment  on  them. 
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The  writer  has  felt  the  need  of  tables  of  natural  trigonometric 
functions  which  cannot  now  be  obtained  on  the  market,  and  takes  this 
opportunity  of  explaining  this  need,  which,  if  generally  concurred  in, 
may  influence  the  prospective  author  to  publish  tables  conforming  to 
the  specifications  following. 

A  review  of  mathematical  tables  was  made  by  the  British  Associa- 
tion for  the  Advancement  of  Science  in  1873,  and  was  very  complete. 
The  writer  has  recently  searched  the  United  States  Congressional 
Library  and  the  Library  of  the  Naval  Observatory,  at  Washington, 
D.  C,  the  latter  being  exceptionally  rich  in  its  collection  of  mathe- 
matical tables.  A  great  many  of  the  tables  described  in  the  1873 
report  may  be  seen  there,  as  well  as  many  abridged  tables  for  various 
purposes,  multiplication  and  conversion  tables,  and  trigonometric  tables 
produced  since  1873.  A  few  trigonometric  canons  produced  since  1873 
stand  out  prominently  on  account  of  the  evident  labor  expended  in 

♦  This  paper  will  not  be  presented  for  discussion  at  any  meeting,  but  written 
communications  on  the  subject  are  invited  for  subsequent  publication  in  Proceedinga 
and  with  the  paper  in  Transactions. 
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compiling  them,  and  on  account  of  the  departure  from  what  might  be 
called  established  practice.     The  authors  of  these  ai-e: 

(a).  H.  Andoyer  (1911). 

(h).  J.  Bauschinger  and  J.  Peters  (1910-11). 
(c).  C.  Brcmiker  (1887). 

(d).  Chamber's   Mathematical    Tables,   by   J.    Pryde    (1899). 
(e).  Mrs.  Emma  Gilford  (1914). 
(/).  J.  Peters  (1911). 

(g).  G.  Rheticus,  Opus  Palatinum,  by  W.  Jordan  (191:5). 
(h).  C.  E.  Eaymond  (1915). 
(i).  R.  Shortrede  (1903). 

As  compared  with  the  older  and  fundamental  tables,  these,  of 
course,  have  much  better  typographical  arrangement  and  clearness, 
but  it  is  interesting  to  note  that  some  of  them  are  lacking,  as  differ- 
ences for  tabular  results  are  not  listed  as  extensively  as  in  the  cele- 
brated "Magnus  Canon"  (1596-1607),  of  G.  Joachim  Rheticus,  the 
greatest  of  all  the  table  computers,  to  whom  is  also  due  the  canon  of 
sines  by  Pitiscus  (1613).  The  latter  are  rare,  as  indicated  by  a  price 
of  £36  15s.  and  £21,  respectively. 

Other  tables  with  which  American  engineers  may  be  more  familiar 
are :  Vega's  logarithmic  tables ;  Bruhn's  logarithmic  tables ;  Hutton's 
tables  of  logarithms  of  Numbers  1  to  108  000,  and  tables  of  logarithmic 
and  natural  trigonometric  functions,  etc. ;  Searles  and  Nagle's  hand- 
books; etc. 

Hutton's  and  Pryde's  productions  are  very  valuable,  as  thoy  contain 
several  tables  which  are  not  found  in  the  books  which  are  more 
prevalent  at  the  present  day.  In  the  18:^2  edition  of  Hutton  may  be 
found  a  very  valuable  bibliography  of  tables,  if  the  reader  cares  •  to 
search  for  information  relative  to  this  subject.  Other  sources  of 
information  are:  Glaischer's  article  on  "Mathematical  Tables"  in  the 
11th  Edition  of  the  Encyclopa?dia  Britannica;  and  William  Wesley  and 
Son's*  Natural  History  and  Scientific  Book  Circular  No.  147. 

The  writer  submits  the  following  propositions  which  should  govern 
in  the  future  preparation  of  trigonometric  canons : 

Proposition  I. — Ninety  degrees  to  the  quadrant  is  and  has  been 
used  so  generally  that  it  is  necessary  to  adhere  to  this  use. 

*  Booksellers  and  Publishers,  28  Essex  Street,  Strand,  London,  W.  C. 
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r  10 posit  Inn  II. — Tlu>  degree  should  be  decimally  divided.  Doci- 
iiinl  division  of  the  degree  is  the  best  for  rapid  computatiou,  espe- 
ciiilly  where  the  (•oiiiputntiniis  are  extended,  as  in  triangulation  work. 
Arguments  for  such  use  may  be  seen  in  the  preface  of  Professor 
(\  E.  luiymond's  ''Field  ^lanual."  In  addition  to  these  arguments, 
the  tV)llo\ving  may  be  stated:  it  is  easier  (a)  to  secure  values  where 
interpolation  is  necessary;  (b)  to  average  a  set  of  readings  of  angles; 
ir)  to  write  an  expression  for  an  angle;  (d)  to  avoid  confusion 
witli  the  abbreviations  for  feet  and  inches;  (e)  to  i)lot  curves  on 
decimally  divided  curve  sheets;  etc. 

Proposition  III. — Diiferences  should  be  listed  in  a  column  ad- 
jacent to  all  values  given,  preferably  set  half  way  between  horizontal 
lines,  in  smaller  and  somewhat  lighter  type. 

Proposition  IV. — The  tables  should  be  seven-place.  Computa- 
tions should  be  carried  out  one  place  farther  than  held  measure- 
ments, and,  consequently,  seven  places  is  not  too  great  a  refinement 
for  steelwork,  triangulation,  etc.  Besides,  if  one  uses  a  computing 
machine,  seven-place  functions  are  as  easily  manipulated  as  five-place. 

Proposition  V. — The  proposed  book  would  be  one  of  natural  func- 
tions only.  Owing  to  the  fact  that  no  engineer  who  wishes  to 
accomplish  computations  speedily  will  attempt  to  work  without  a 
computing  machine,  logarithmic  functions  should  not  be  tabulated, 
as  they  are  more  cumbersome  than  natural  finictions  when  using 
a  computing  machine.  In  addition,  natural  functions  have  the 
advantage  that  actual  figures  for  each  partial  computation  are  had, 
and  an  observation  check  as  to  the  relative  size  of  the  part  of  the 
triangle  being  solved  is  readily  made. 

Proposition  VI. — The  book  should  be  thumb- indexed.  Page  num- 
bers should  be  omitted,  as  they  are  apt  to  be  confused  with  degree 
numbers.  Each  page  should  contain  1°,  with  arguments  to  0.01. 
except  as  noted  under  the  following  proposition. 

Proposition    VII. — The  book  should  have  four  canons,   as  follows : 

Canon    1. — (Semi-quadrantal    arrangement,    0°    to    44°    at  top   of 
page,  45°  to  89°  at  bottom  of  page.) 
Sine — Difference — Coversine  (difference  serving  for  both)  ; 
Chord — Difference ; 
Co-chord — Difference ; 
Versine — Difference — Cosine    (difference   serving   for   both). 
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Canon  II.— (Quadrantal  arrangement,  0°  to  89°  at  top  of  page 
for  tangent  and  secant,  0°  to  89°  at  bottom  of  page  for 
cotangent  and  cosecant.) 

Tangent  (cotangent  same  tabular  value) — Difference; 

Secant  (cosecant  same  tabular  value) — Difference. 

Canon    III. — (Quadrantal    arrangement,    0°    to    89°     at    top    of 
page.) 
Chord  of  the  supplement — Difference. 

Canon   IV. — (Biquadrantal    arrangement,    0°    to    179°    at   top   of 
page.) 
Arc  in  terms  of  radius — Difference; 
Arc  in  terms  of  circumference — Difference; 
Area  of  segment  in  terms  of  circumscribing  square — Difference. 

Canon  II  should  have  arguments  to  0.001°   between  84°   and  90°. 

Where  the  versine  approaches  zero,  the  cosine  approaches  unity, 
and  the  secant  (also  cosecant,  as  it  is  the  same  tabular  value) 
approaches  tuiity,  values  should  be  listed  as  indicated  by  the  nota- 
tion used  in  Merriman's  ''Civil  Engineers'  Pocketbook,"  page  1295, 
thus:  0.0.jl259  indicates  that  the  0,  is  to  be  replaced  by  three  ciphers. 
As  usually  tabulated,  these  values  are  not  comparable  with  other 
values  listed  in  a  seven-place  table,  because  of  the  succession  of 
similar   figures. 

Proposition  VIII. — As  indicated  previously,  there  would  be  re- 
quired twelve  columns  in  Canon  I  (including  the  arguments  at  each 
side  of  the  page),  which  would  not  be  exceeded  by  any  of  the  other 
canons,  and,  therefore,  would  govern  in  the  size  of  page  required. 
For  an  office  book,  therefore,  a  relatively  large  book  would  be  neces- 
sary, in  order  to  tabulate  twelve  columns  for  one  hundred  arguments. 
If  printed  on  heavy  paper,  in  large  type,  such  a  book  would  have 
the  advantage,  however,  of  remaining  open  when  laid  flat  on  a  desk 
or  table. 

In  such  a  book  of  tables  as  outlined  herein,  there  would  be 
approximately  294  000  printed  values,  of  which  65  334  would  be 
arguments,  and  229  656  would  be  tabular  values  which  would  have 
to  be  computed. 

With  about  1  200  printed  values  per  page,  the  book  would  require 
about  246   pages.     If,   however,   each  page  showed   a   separate   degree 
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(except  for  Canon  II.  84°  to  90°),  a  book  of  about  459  pages  would 
be  required.  The  book  should  be  provided  with  an  explanation 
of  the  use  of  the  tables  with  the  use  of  the  various  computing 
machines;  and  especially  of  the  values  tabulated  under  "Area  of 
segment  in  terms  of  the  circumscribing  square." 

A  page  or  two,  as  necessary,  might  be  devoted  to  a  conversion 
table  from  minutes  and  seconds  to  decimals  of  a  degree. 

The  writer  submits  this  paper  with  the  belief  that  such  a  book 
of  tables  is  not  available,  even  in  the  usual  form  of  degrees  and 
sixtieths  (minutes),  and  that  engineers  w^ll  gradually  see  the  merits 
of  the  decimal  division  of  the  degree,  just  as  €hey  have  seen  the 
merits  of  the  decimal  division  of  the  foot. 
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Synopsis. 

The  principal  object  of  this  paper  is  to  present  an  account  of  the 
design  and  construction  of  the  Hell  Gate  Arch  Bridge  over  the 
Kast  Kiver  in  New  York,  a  structure  of  imposing  magnitude,  with 
liiiusual  features  and  details  of  unprecedented  size  which  mark  a 
decided  advance  in  bridge  engineering. 

The  Hell  Gate  Bridge,  which  forms  part  of  the  New  York  Con- 
necting K^ilroad,  is  the  greatest  arch  bridge  built  to  date,  having 
a  span  of  995  ft.  1|  in.  between  centers  of  bearings  and  1  017  ft.  between 
faces  of  abutments,  and  a  total  height  of  305  ft.  above  mean  high  water. 
It  carries  four  railroad  tracks  on  a  heavy  ballasted  floor.  Its  principal 
features,  besides  its  great  span  and  capacity,  are  the  exceptional 
size  and  weight  of  its  individual  members  and  riveted  connections, 
the  use  of  special  high-carbon  steel,  the  unusual  method  of  erection, 
and  the  monumental  towers  forming  the  abutments,  one  of  which 
rests  on  a  deep  and  difficult  pneumatic  caisson  foundation. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  i«  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  miil  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Prorrvdiinis  and.  when  finally  closed,  the 
papers,    with    discussion    in    full,    will    be   published    in  Transactions. 
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The  introductory  part  of  this  paper  is  devoted  to  the  object,  history, 
and  a  brief  general  description  of  the  New  York  Connecting  Railroad. 

The  Hell  Gate  Bridge  is  the  result  of  many  years  of  careful  and 
laborious  studies  involving  the  design  of  different  types  of  bridges. 
These  various  preliminary  designs  are  briefly  described  and  critically 
discussed,  and  the  conditions  which  led  to  the  final  adoption  of  the 
spandrel-braced  arch  type  are  set  forth. 

The  description  of  the  Hell  Gate  Bridge,  as  built,  is  confined  to 
the  more  important  features  and  details,  with  particular  reference  to 
the  reasons  and  considerations  which  governed  their  design,  and  with 
a  further  view  to  bring  out  their  merits  and  illustrate  the  progress 
made  in  bridge  design  in  recent  years.  Typical  details  are  shown  in 
the  accompanying  illustrations  and  therefore  need  no  particular 
description. 

With  due  consideration  of  the  fact  that  the  strength  and  durability 
of  a  bridge  are  gauged  by  the  strength  and  efficiency  of  its  details, 
most  careful  attention  has  been  given  to  their  design,  and  a  number 
of  important  improvements  over  common  practice  can  be  recorded. 
Among  the  details  deserving  special  mention  are  the  compact  closed 
section  of  the  main  arch  rib,  the  extraordinary  rigid  bracing,  the 
efficient  latticing  of  compression  members,  the  full  splicing  of  com- 
pression joints,  and  the  provision  of  heavy  braking  girders  to  relieve 
the  floor-beams  from  stress  due  to  the  braking  and  traction  forces. 

It  has  been  the  aim  of  the  administration  of  the  Railroad  Com- 
pany to  produce  a  first-class  railroad  in  every  respect.  This  principle 
has  been  observed  throughout  the  design  and  construction  of  all  its 
structures.  The  design  has  been  governed  by  rules  and  specifications 
especially  prepared  by  the  consulting  engineer.  These  differ  in  many 
respects  from  common  specifications,  and  contain  many  original 
features.  Extracts  from  these  rules  and  specifications  are  given  in 
this  paper,  with  critical  remarks  on  the  selection  of  the  material, 
assumptions  of  the  various  loads  and  forces,  and  of  the  permissible 
unit  stresses. 

Among  the  original  features  of  these  specifications  may  be  men- 
tioned a  new  formula  for  impact  which,  in  combination  with  apparently 
high  permissible  unit  stresses,  is  applicable  to  the  design  of  bridges 
of  any  length  of  span  or  any  capacity,  and  secures  in  each  case 
well-proportioned  structures. 
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Tlie  pnpor  further  contains  a  detailed  account  of  the  essential 
features  of  the  fabrication  and  erection  of  the  Hell  Gate  BridgeVhich 
called  for  the  highest  grade  of  workmanship,  required  special  tools  and 
machinery  of  exceptional  size,  and  involved  unusual  erection  prob- 
lems. This  account  is  intended  to  illustrate  the  advance  in  the  fabri- 
cation and  erection  of  large  bridges  of  the  riveted  type.  Especial 
mention  may  be  made  of  the  complete  assembling  of  the  arch  trusses 
at  the  shop,  and  the  extensive  utilization  of  parts  of  the  permanent 
structure  for  erection  purposes. 

The  approaches  to  the  Hell  Gate  Bridge,  which  comprise  the  East 
River  Bridge  Division  of  the  New  York  Connecting  Railroad,  consist 
of  several  heavy  truss  bridges,  a  double-leaf  bascule  bridge,  about 
10  800  lin.  ft.  of  plate-girder  viaducts  with  concrete  piers,  and  about 
3  200  lin.  ft.  of  embankment  between  high  retaining  walls  and  con- 
crete arches.  Space  does  not  permit  of  their  detailed  description,  but 
their  unusual  and  original  features,  and  the  reasons  and  conditions 
which  governed  their  design,  are  related. 

The  calculation  of  stresses  in  the  arch  trusses,  as  given  in 
Appendix  A,  although  presenting  no  new  theory,  will  be  found  of 
^'alue  to  those  who  may  have  to  solve  similar  problems.  It  illustrates 
the  application  of  the  modern  theory  of  elasticity  in  the  shortest  and 
most  convenient  form. 

The  writer  is  under  obligation,  for  permission  to  present  this  paper 
and  for  valuable  information,  to  Gustav  Lindenthal,  M.  Am.  Soc.  C.  E., 
the  Consulting  and  Chief  Engineer,  to  whose  plans  and  direction  the 
successful  comi>letion  of  the  Hell  Gate  Bridge  and  Approaches  is  due. 
For  convenience  of  reference  and  discussion,  the  paper  is  written 
under  the  following  principal  headings: 

1. — Object  and  History  of  the  New  York  Connecting  Bailroad; 

2. — General  Description  of  East  River  Bridge  Division ; 

3. — Development  of  Design  of  Hell  Gate  Bridge; 

4. — General  Arrangement,  Proportions  and  Cost  of  Arch  Bridge; 

5. — Masonry  Towers  and  Foundations ; 

6. — Details  of  Design,  and  Weight  of  Steel  Superstructure  of  Hell 
Gate  Bridge; 

7. — Camber  and  Deformation  of  Arch  Trusses; 

8. — Material ; 

9. — Loads  and  Unit  Stresses; 
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10. — Workmanship  and  Fabrication ; 

11. — Erection  of  Hell  Gate  Bridp:e; 

12. — Approaches ; 

13. — Track  Floor  Construction ; 

14. — Engineering  Organization. 

Appendix  A. — Calculation  of  Dead-Load,  Live-Load,  and  Temper- 
ature Stresses  in  Arch  Trusses  of  Hell  Gate  Bridge; 

Appendix  B. — Financing,  and  Franchise  of  the  New  York  Con- 
necting Railroad  Company. 


1. — Object  and  History  of  the  New  York  Connectix(;  Railroad. 

Object. — The  New  York  Connecting  Railroad  is  a  part  of  the  com- 
prehensive plan  of  the  Pennsylvania  Railroad,  inaugurated  1.")  years 
ago  by  the  late  A.  J.  Cassatt,  then  President  of  that  Company,  and 
which  had  for  its  principal  objects  the  extension  of  the  line  from 
New  Jersey  into  New  York  City  and  direct  rail  connection,  for  pas- 
sengers and  freight,  with  Long  Island  and  the  New  England  States. 

The  parts  of  this  general  project  which  established  entrance  into 
New  York  City,  and  connection  with  the  Long  Island  Railroad,  com- 
prising the  tunnels  under  the  North  River,  Manhattan  Island,  and  the 
East  River,  the  great  passenger  terminal  in  Manhattan,  a  large  ter- 
minal yard,  called  "Sunnyside  Yard",  in  Long  Island  City,  a  freight 
terminal  yard,  at  Greenville,  N.  J.,  and  various  other  improvements 
have  been  fully  outlined  and  described  in  detail.*  (See  also  tlie  map. 
Fig.  1). 

The  New  York  Connecting  Railroad  establishes  a  physical  connec- 
tion between  the  Pennsylvania  Railroad  and  the  New  York,  New 
Haven,  and  Hartford  Railroad  Systems,  and  thus  provides  continuous 
rail  communication,  through  New  York  City,  between  Canada,  the 
New  England  States,  and  the  South  and  West. 

The  connection  with  the  New  Haven  Line  is  made  at  Port  Morris 
in  The  Bronx.  From  there,  the  Connecting  Railroad  crosses  the  East 
River,  via  Wards  and  Randalls  Islands,  and  joins  the  Pennsylvania 
Railroad  at  Sunnyside  Yard  in  Long  Island  City,  whence  the  trains 
pass  through  the  East  River  Tunnels  to  the  Pennsylvania  Station  at 
34th    Street,   in   Manhattan.      This   connection   via    Sunnyside   Yard, 

*  Transactions,  Am.  Soc.  C.  E.,  Volumes  UXVIII  and  LXIX  (1910). 
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however,  is  intended  for  passenger  trains  only,  inasmuch  as  the  tunnels 
under  the  North  and  East  Rivers  and  the  Manhattan  Station  can  now 
accommodate  only  passenger  traffic. 

The  freight  connection  will  be  made  by  another  branch  of  the  New 
York  Connecting  Railroad,  which  after  crossing  the  East  River  at 
Hell  Gate,  passes  through  Long  Island  City,  Woodside,  Winfield 
Junction,  and  Middle  Village,  to  Fresh  Pond  Junction,  near  the 
Brooklyn  Borough  line,  where  it  connects  with  the  Bay  Ridge  Branch 
of  the  Long  Island  Railroad.  From  Bay  Ridge,  the  freight  cars  are 
transported  on  car-floats  across  New  York  Bay  to  the  Greenville 
Yards  of  the  Pennsylvania  Railroad  in  New  Jersey.  Eventually,  a 
tunnel  may  be  driven  under  New  York  Bay  from  Bay  Ridge  to  Green- 
ville, which  would  provide  also  for  freight  by  continuous-rail  connec- 
tion from  New  England  to  the  South  and  West  through  New  York 
City. 

Besides  this  through  freight  traffic,  the  New  York  Connecting 
Railroad  will  accommodate  the  bulk  of  the  freight  transportation  to 
and  from  the  large  manufacturing  districts  which  have  been  devel- 
oped during  recent  years  in  Brooklyn  and  Queens.  For  this  purpose 
a  number  of  freight  yards  have  been  established  along  the  Bay  Ridge 
Branch  of  the  Long  Island  Railroad. 

Although  not  doing  away  entirely  with  car-float  and  ferry  service, 
the  New  York  Connecting  Railroad  will  greatly  relieve  the  inner 
waters  of' New  York  Harbor  of  this  traffic,  particularly  of  the  obstruc- 
tive car-floats  which  now  transfer  freight  from  the  Pennsylvania 
Railroad  terminals  on  the  Jersey  shore  of  the  Hudson  River,  up  the 
East  River  to  the  New  Haven  Railroad  freight  terminals  at  Port 
Morris  and  Oak  Point,  in  The  Bronx. 

Traffic. — The  early  plans  contemplated  a  double-track  line.  Later, 
it  was  realized  that  the  probable  future  development  of  an  extensive 
passenger  and  freight  traffic  between  the  New  Haven  and  the  Penn- 
sylvania Systems  would  soon  require  four  tracks.  Estimates  also 
proved  that  it  would  be  much  more  costly  to  add  two  tracks  in  the 
future  than  to  build  a  four-track  line  in  the  first  place.  The  entire 
•portion  from  Port  Morris  to  the  point  in  Long  Island  City  where  the 
two  passenger  tracks  branch  off  toward  Sunnyside  Yard  was, built 
therefore  for  four  tracks,  the  remainder  being  for  two  tracks  only. 
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Tlie  bulk  ul'  tlio  traffic  over  the  New  York  Coiniectiiig  Iliiilroad 
will  be  freight.  Passenger  traffic  will  be  limited,  for  the  near  ^f utvire 
at  least,  to  about  SO  trains  daily,  40  in  and  out  of  the  Pennsylvania 
Station,  on  account  of  the  restricted  capacity  of  that  station.  Most 
of  the  passenger  trains  of  the  New  Haven  Ilailroad  will  continue  to 
run  into  the  Grand  Central  Station  of  the  New  York  Central  Railroad. 

Xo  local  passenger  stations  are  provided  on  the  New  York  Connect- 
ing Railroad  between  Port  Morris  and  the  Pennsylvania  Station  in 
Manhattan,  as  no  local  passenger  traffic  is  to  be  carried  between  jjoints 
within  the  city  limits. 

The  New  York  Connecting  Railroad  will  be  operated  electrically 
by  the  single-phase  alternating-current  system  now  used  on  the  New 
Haven  Railroad.  The  current  will  be  delivered  by  an  overhead  cate- 
nary system  supported  by  the  steel  superstructure.  As  the  Pennsyl- 
vania Railroad,  between  Sunnyside  Yard  and  Manhattan  Transfer, 
via  the  Pennsylvania  Station,  has  the  direct-current  system  with  third- 
rail,  the  passenger  trains  will  have  to  change  locomotives  at  Sunny- 
side  Yard  or  be  provided  with  locomotives  equipped  with  contact  shoes 
and  control  in  order  to  enable  them  to  run  over  both  systems.  On  all 
bridges  and  viaducts  of  the  New  York  Connecting  Railroad  there  are 
footwalks  for  the  use  of  employees. 

Realizing  the  opportunity  for  a  cheap  highway  connection  between 
the  Boroughs  of  The  Bronx  and  Queens,  Mr.  Lindenthal  conceived 
and  investigated  the  plan  of  carrying  a  60-ft.  highway,  w'ith  trolley 
tracks,  on  an  upper  deck  of  the  bridges  and  viaducts.  Should  the 
necessity  arise,  it  would  be  entirely  feasible  to  carry  out  such  a  plan 
at  a  comparatively  moderate  expenditure.  It  would  provide  the  city 
with  a  magnificent  boulevard  connecting  two  densely  populated  districts. 

History. — The  history  of  the  New  York  Connecting  Railroad  is 
linked  up  with  various  plans  and  enterprises  which  had  as  their  object 
improved  transportation  facilities  in  and  around  the  City  of  New 
York.  The  project  of  crossing  the  East  River  at  Hell  Gate  took  con- 
crete form  for  the  first  time  in  1892,  when  a  charter  was  secured  by 
the  late  Oliver  W.  Barnes,  M.  Am.  Soc.  C.  E.,  a  well-known  civil  en- 
gineer, to  build  a  double-track  railroad  connecting  the  New  York 
Central  Railroad  with  the  Long  Island  Railroad. 

Plans  for  this  line  with  a  cantilever  bridge  of  840  ft.  span  (Fig.  2) 
over  the  East  River  at  Hell  Gate  were  worked  out  by  the  late  Alfred 
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r.  Boiler,  M.  Am.  Soe.  C.  E.,  as  Consulting  Engineer,  and  construc- 
tion was  to  be  started  in  1900.  At  this  time  the  Pennsylvania  llail- 
load  had  mapped  out  its  scheme  for  extending  its  line  from  New  Jer- 
>c'y  into  Manhattan.  The  North  Eivcr  was  to  be  crossed  on  a  suspen- 
s^iuu  bridge  of  3  100  ft.  span,  which  had  been  designed  and  promoted 
I'reviously  by  Mr.  Lindenthal.  The  bridge  would  have  accommodated 
ten  railroad  tracks,  rapid  transit  and  highway  traffic,  and  would  have 
required  the  participation  of  all  the  other  railroads  terminating  in 
New  Jersey.  The  bridge  was  to  be  connected  by  an  approach  descend- 
ing with  a  2%  grade  to  a  tunnel  under  42d  Street,  commencing  near 
Tenth  Avenue  and  extending  across  Manhattan  and  under  the  East 
River  to  a  connection  with  the  Long  Island  Railroad  System.  This 
tunnel  was  called  the  Steinway  Tunnel,  after  the  President  of  the 
Tunnel  Company  of  which  Mr.  Barnes  was  the  Chief  Engineer.  Mr. 
Lindenthal  mapped  out  to  Mr.  Barnes  a  connection  of  the  Long 
Island  System  with  the  New  Haven  Railroad  System  in  The  Bronx 
on  substantially  the  present  line  of  the  New  York  Connecting  Rail- 
road, thus  establishing  a  continuous  line  through  New  York  City 
territory. 

As  the  other  railroads  in  New  Jersey  declined  to  co-operate  in  the 
North  River  bridge  project,  this  was  finally  abandoned  by  the  Penn- 
sylvania Railroad  in  favor  of  two  single-track  tunnels,  the  previous 
objections  to  tunnels  for  train  service  having  by  that  time  been  over- 
come by  the  introduction  of  electric  operation. 

In  1900,  the  Pennsylvania  Railroad  acquired  control  of  the  Long 
Island  Railroad,  and  a  connection  with  this  road  across  the  East  River, 
and  Avith  the  New  England  roads,  via  the  New  York  Connecting  Rail- 
road on  the  line  originally  mapped  out,  became,  therefore,  necessary 
adjuncts  to  the  plan  of  entering  Manhattan.  As  a  result,  the  Penn- 
sylvania Railroad,  in  conjunction  with  the  New  Haven  Railroad, 
acquired  the  charter  of  the  New  York  Connecting  Railroad.  Samuel 
Rea,  M.  Am.  Soc.  C.  E.,  then  Vice-President  of  the  Pennsylvania 
Railroad,  took  charge  of  the  entire  project  as  President  of  the  New 
York  Connecting  Railroad.  The  entire  work  was  under  his  direction. 
A.  J.  County,  Assoc.  Am.  Soc.  C.  E.,  was  Assistant  to  the  President, 
and  Mr.  Lindenthal  was  appointed  Consulting  Engineer  and  Bridge 
Architect  to  work  out  new  plans  for  the  East  River  Bridge  and 
Approaches.     The  surveys  and  location  in  detail,  as  well  as  the  first 
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borings  for  the  foundations,  were  made  by  Joseph  N.  Crawford,  Con- 
sulting Engineer  of  the  Pennsylvania  Railroad.  Later,  this  work 
was  turned  over  to  Mr.  Lindenthal,  who  appointed  his  own  staff. 

A  franchise  for  the  construction  of  the  New  York  Connecting 
Railroad  was  granted  by  the  Board  of  Rapid  Transit  Railroad  Com- 
missioners of  New  York  (succeeded  by  the  present  Public  Service 
Commission  for  the  First  District),  in  February,  1907.  On  account 
of  the  financial  stringency  in  this  year,  the  commencement  of  actual 
construction  was  again  delayed  until  July,  1912,  when  ground  was 
broken.  It  was  estimated  that  construction  would  be  completed  by 
January  1st,  1916,  but  an  injunction  and  unforeseen  difficulties  in 
building  the  foundations  for  the  Hell  Gate  Bridge  delayed  the  com- 
pletion for  more  than  a  year.     Traffic  was  established  in  March,  1917. 

2. — General  Description  of  East  River  Bridge  Division. 

Length. — For  construction  purposes,  the  New  York  Connecting 
Railroad,  8.96  miles  long,  has  been  separated  into  two  divisions.  The 
"East  River  Bridge  Division",  which  extends  from  the  junction  with 
the  New  Haven  Railroad  in  The  Bronx  across  the  East  River  to 
Stemler  Street  in  Long  Island  City,  a  distance  of  3.38  miles,  was 
designed  by  Mr.  Lindenthal,  as  Consulting  Engineer  and  Bridge 
Architect,  and  executed  by  him  as  Chief  Engineer.  The  "Southern 
Division",  which  comprises  the  remainder,  or  5.58  miles,  was  in 
charge  of  Mr.  A.  C.  Shand,  Chief  Engineer,  and  H.  C.  Booz,  M. 
Am.  Soc.  C.  E.,  Assistant  Chief  Engineer.  This  paper  is  devoted 
exclusively  to  the  East  River  Bridge  Division,  which  consists  prin- 
cipally of  bridges  and  viaducts,  and  has  consumed  about  two-thirds 
of  the  entire  cost.  The  plan  and  profile  of  this  Division  are  shown 
on  Plate  XVI. 

Location. — From  the  junction  of  the  New  York  Connecting  Rail- 
Toad  with  the  New  Haven  Railroad,  immediately  north  of  the  crossing 
over  the  Port  Morris  Branch  of  the  New  York  and  Harlem  Railroad 
(New  York  Central  Railroad),  the  two  roads  run  parallel  in  a  south- 
westerly direction  on  eight  tracks  to  East  133d  Street,  the  four  New 
York  Connecting  Railroad  tracks  rising  gradually  above  the  New 
Haven  tracks.  South  of  133d  Street,  the  two  westerly  or  passenger 
tracks  of  the  Connecting  Road  cross  over  the  two  easterly  or  freight 
tracks  of  the  New  Haven  Road.     At  this  point  the  New  Haven  tracks 
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turn  on  a  sharp  curve  toward  the  northwest,  ending  in  the  Harlem 
River   Station  and  Yard,   opposite  125th   Street,  Manhattan. 

The  New  York  Connecting  Road  continues  in  the  southeasterly 
direction,  crosses  Bronx  Kill  on  a  double-leaf  bascule  bridge,  and  then 
skirts  the  east  shore  of  Randalls  Island  on  a  viaduct  1  965  ft.  long. 
Another  arm  of  the  East  River,  called  ''Little  Hell  Gate",  between 
Randalls  and  AVards  Islands,  is  l)ridged  over  by  four  skew  deck  truss 
spans,  of  an  aggregate  length  of  1  154  ft. 

On  Wards  Island  the  line  turns  to  a  southeasterly  direction  with 
a  sweeping  curve  on  a  viaduct  from  95  to  130  ft.  high  and  2  654  ft. 
long.  The  main  channel  of  the  East  River  is  crossed  at  "Hell  Gate" 
by  an  arch  bridge  having  a  single  span  of  1  017  ft.  between  abutment 
towers,  a  total  height  of  305  ft.  and  a  clear  head-room  of  135  ft.  above 
mean  high  water. 

On  the  Long  Island  side  of  the  East  River,  the  road  continues  in 
a  southeasterly  direction,  descending  partly  on  a  viaduct,  and  partly 
on  an  embankment,  from  a  height  of  110  ft.  to  30  ft.  above  ground  at 
Stender  Street,  Long  Island  City,  where  the  Southern  Division  begins. 

The  total  length  of  the  main  line  is  8.96  miles,  of  which  3.73  miles 
have  four  tracks  and  the  remainder  two  tracks.  A  study  of  the  map 
and  of  the  river  conditions  as  outlined  herein  will  show  at  once  that 
this  route,  crossing  the  East  River  at  its  narrowest  point,  was  the 
natural  one  to  follow.  Any  other  route  would  have  been  much  more 
expensive.  A  tunnel  under  the  East  River  at  this  point  would  have 
been  a  very  expensive  and  hazardous  undertaking,  and  would  have 
deprived  the  passengers  of  the  picturesque  and  more  comfortable  ride 
over  the  elevated  structure. 

Curves  and  Grades. — The  maximum  curvature  is  4°  for  a  short  dis- 
tance at  133d  Street,  The  Bronx.  On  Wards  Island,  the  curvature  is 
3°  10'  for  a  length  of  2  545  ft.  All  other  curves  are  less  than  1 
degree.  North  of  Hell  Gate  Bridge,  or  against  south-bound  traffic, 
the  grade  is  nearly  uniform,  1^2%  (maximum  1.218%),  compensated 
on  curves.  This  grade  was  governed  by  the  elevation  of  the  tracks 
over  the  East  River,  where  the  clear  height  of  135  ft.  above  mean 
high  water  was  prescribed  by  the  War  Department;  this  is  the  same 
clearance  as  that  for  the  other  East  River  bridgas.  South  of  Hell 
Gate  Bridge,  the  tracks  descend  on  a  uniform  grade  of  0.72%,  the 
luling  grade  for  north-bound  traffic. 
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Quantities  and  Cost. — The  New  York  Connecting  Railroad  will 
be  one  of  the  most  expensive  railroad  lines  ever  bnilt.  Its  total  cost, 
inclusive  of  right  of  way,  will  be  about  $27  000  000.  Of  this,  the 
East  River  Bridge  Division  consumed  approximately  $18  500  000,  or 
$5  500  000  per  mile  of  four-track  line.  This  division  required  about 
500  000  cu.  yd.  of  granite  and  concrete  masonry  and  90  000  tons  of 
steelwork. 

3. — Development  of  Design  of  Hell  Gate  Bridge. 

Introductory. — A  great  work  of  art  evolves  from  an  idea  in  the 
mind  of  its  creator.  It  is  brought  on  paper  or  into  a  more  contem- 
plative form  and  then  changed  and  remodeled.  ISTot  until  the  plans 
have  passed  through  changes  and  corrections,  and  have  been  sub- 
mitted to  an  almost  endless  series  of  finishing  touches,  does  the  great 
work  attain  its  perfection. 

A  great  bridge  in  a  great  city,  although  primarily  utilitarian  in 
its  purpose,  should  nevertheless  be  a  work  of  art  to  which  Science 
lends  its  aid.  An  elaborate  stress  sheet,  worked  out  on  a  purely 
economic  and  scientific  basis,  does  not  make  a  great  bridge.  It  is 
only  with  a  broad  sense  for  beauty  and  harmony,  coupled  with  wide 
experience  in  the  scientific  and  technical  field,  that  a  monumental 
bridge  can  be  created.  Fortunately,  the  Hell  Gate  Bridge  was  evolved 
under  such  conditions,  and  therefore  may  well  be  said  to  be  one  of  the 
finest  creations  of  engineering  art  of  great  size  which  this  century  has 
produced. 

As  mentioned  heretofore,  under  "History  of  the  New  York  Con- 
necting Railroad",  the  first  design  for  the  Hell  Gate  Bridge  was  made 
in  1900  by  the  late  Alfred  P.  Boiler.  It  was  a  cantilever  design  with 
a  central  span  of  840  ft.,  supported  on  braced  steel  towers.  (Fig.  2.) 
The  bridge  was  designed  for  two  tracks  only,  for  a  light  live  load, 
approximately  equivalent  to  Cooper's  E-40,  and  for  open  tie  flooring. 

From  1904,  when  Mr.  Lindenthal  was  appointed  by  the  Pennsylva- 
nia Railroad  to  work  out  new  plans  on  more  modern  lines,  until  1912, 
when  actual  construction  was  started  under  his  direction,  the  design 
of  the  Hell  Gate  Bridge  received  almost  continuous  and  thorough 
study,  involving  the  working  out  of  complete  designs  of  several  types 
of  bridges  and  a  number  of  modifications  of  the  type  finally  adopted. 
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River  Conditions. — The  East  liivcr  is  an  estuary  or  tidal  stream 
I'orming  the  eastern  entrance  to  New  York  Harbor  from  the  Atlantic 
Ocean  by  way  of  Long  Island  Sound.  That  part  immediately  east 
of  its  confluence  with  the  Harlem  River,  between  "Wards  Island 
and  the  Long  Island  shore,  is  the  so-called  "Hell  Gate,"  which  name 
i^  due,  evidently,  to  the  great  dangers  and  trying  conditions  to  which 
navigation  was  formerly  exposed  at  this  spot.  On  account  of  the  pres- 
ence of  many  protruding  rocks  and  reefs,  the  sharp  bend  of  the 
channel  just  below  Hell  Gate,  and  the  rapid  tidal  currents,  which  even 
now  attain  velocities  of  7  miles  per  hour,  collisions  and  disasters  in 
this  locality  were  of  frequent  occurrence.  These  conditions  have  been 
greatly  improved  by  the  removal  of  the  most  dangerous  reefs,  some 
of  which  required  the  blasting  away  of  enormous  quantities  of  rock. 
The  most  famous  operation  was  the  removal  of  "Flood  Rock",  in  1885, 
when  nearly  300  000  cu.  yd.  of  rock  were  broken  up  in  one  blast. 

The  river  at  the  Hell  Gate  Bridge  is  850  ft.  wide  between  shore 
lines  and  700  ft.  between  bulkhead  lines,  as  established  by  the  War 
Department.  Both  shores  fall  rapidly  to  a  greatest  depth  of  105  ft. 
below  mean  high  water.  The  mean  tide  is  5.7  ft.  At  present,  the 
channel  has  a  minimum  depth  of  26  ft.,  but,  eventually,  it  is  to  be 
dredged  to  a  depth  of  35  or  40  ft.  so  as  to  permit  the  safe  passage 
of  deep-draft  vessels..  The  river  traffic  is  quite  considerable,  consisting 
to  a  great  extent  of  car-floats  and  tows  which  are  difficult  to  control. 

Types  to  he  Considered. — The  river  conditions,  as  outlined,  and 
the  great  height  of  the  tracks  above  the  water,  prohibited  physically 
and  economically  the  construction  of  any  permanent  or  even  tempo- 
rary support  in  the  river  channel,  and  called  for  a  single  river  span 
of  at  least  850  ft.,  and  of  a  type  that  could  be  erected  without  the  use 
of  falsework  in  the  river.  The  only  types  which  can  be  taken  into 
consideration  under  such  conditions  are  the  cantilever  or  its  relative, 
the  continuous  truss,  the  stiffened  suspension  bridge,  and  the  arch 
(hingeless,  two,  or  three-hinged). 

Judging  from  prevailing  tendencies,  most  engineers  undoubtedly 
would  have  considered  the  cantilever  type  as  best  suited  to  the  existing 
conditions,  and  it  is  not  surprising,  therefore,  that  the  first  design  was 
of  that  type. 

The  suspension  type  for  railroad  bridges  is  considered  by  many 
engineers  as  unsuitable  for  spans  of  less  than  2  000  ft.,  and,  perhaps. 
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very  few  would  have  looked  to  the  arch  as  a  suitable  type  in  this  case, 
because  it  is  usually  associated  with  steep  rocky  shores  which  afford 
natural  solid  abutments  and  cheap  anchorages  for  erection  back-stays. 

The  span  length,  required  clearance,  character  of  soil,  and  other 
local  conditions  at  Hell  Gate  are  such  that,  in  a  broad  sense,  there  is 
little  if  any  difference  in  cost  between  the  several  types  mentioned. 
Whatever  differences  in  cost  may  be  found  by  comparative  designs 
are  largely  due  to  the  individual  judgment  of  the  designer  in  the 
selection  of  the  truss  system,  material,  permissible  unit  stresses,  foun- 
dations, and  architectural  features. 

A  real  economy  of  the  suspension  type  over  the  others  comes  in 
with  spans  greater  than  850  ft.;  an  appreciable  economy  of  the  arch 
over  the  cantilever  and  suspension  types  would  have  been  realized 
with  more  favorable  configuration  and  character  of  ground,  partic- 
ularly if  the  required  clearance  had  permitted  the  same  span  length 
for  the  arch  as  for  the  other  types.  There  was  the  more  reason, 
therefore,  for  selecting  the  type  for  the  Hell  Gate  Bridge  on  broader 
than  mere  economic  principles. 

Mr.  Lindenthal  conceived  the  bridge  as  a  monumental  portal  for 
the  steamers  which  enter  ISTew  York  Harbor  from  Long  Island  Sound. 
He  also  realized  that  this  bridge,  forming  a  conspicuous  object  which 
can  be  seen  from  both  shores  of  the  river  and  from  almost  every 
elevated  point  of  the  city,  and  will  be  observed  daily  by  thousands  of 
passengers,  should  be  an  impressive  structure.  The  arch,  flanked  by 
massive  masonry  towers,  was  most  favorably  adapted  to  that  purpose. 

Comparative  Designs 
of  Cantilever,  Continuous,  and  Suspension  Types. 

In  1904  Mr.  Lindenthal  made  comparative  designs  of  the  three 
types  comprising  the  stiffened  suspension  type  with  eye-bar  chains 
(Fig.  3),  the  three-span  continuous  truss  (Fig.  4),  and  the  three-span 
cantilever  (Fig.  5),  all  with  a  central  span  of  850  ft.  and  a  total 
length  varying  from  1  450  to  1  550  ft.  The  designs  were  made  both 
for  two  and  foiir  tracks,  and  open  tie  flooring.  The  live  load  assumed 
was  the  Pennsylvania  Railroad  standard  loading  of  1904,  which  is 
approximately  equivalent  to  Cooper's  E-50. 

Nickel  steel  was  assumed  for  the  trusses  in  the  four-track  designs 
only,  and  ordinary  carbon  steel  for  the  floor  system,  bracing,  and  towers 
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ill  tlie  four-trai'k  dosigiis  and  tliroii^lioiit  for  the  two-track  designs. 
Tlu'  estiniated  weifjlits  of  steelwork  varied  from  7  000  to  8  500  tons 
for  double-track  and  from  11200  to  14  200  tons  for  four  tracks  (if 
carbon  steel  had  been  assumed  these  weights  would  have  been  14  000 
and  17  000  tons,  respectively),  being  least  for  the  suspension  bridge 
and  greatest  for  the  cantilever. 

The  saving  in  steelwork  in  tlie  suspension  design  was  partly  offset 
by  the  greater  cost  of  the  anchorage  piers,  but,  under  assumed  favor- 
able soil  conditions,  the  estimates  showed  a  saving  in  cost  in  favor 
of  the  latter  design.  Under  the  more  unfavorable  soil  conditions 
actually  found  on  the  Wards  Island  side,  the  total  cost  would  be 
more  nearlv  alike  for  the  different  designs. 


CONTINUOUS  TRUSS  DESIGN   (1904) 
Fig.  4. 


CANTILEVER  DESIGN  (1904) 
Ftg.   5. 

Suspension  Design. — The  system  of  trusses  adopted  for  the  sus- 
pension design  (Fig.  3)  is  that  of  an  inverted  three-hinged  spandrel- 
braced  arch  suspended  from  hinged  towers.  The  upper  chord  or  chain 
of  eye-bars  follows  very  nearly  the  ecjuilibrium  polygon  for  dead  load. 
The  web  members  and  lower  chord  form,  with  the  main  chain,  the 
stiffening  trusses. 

Owing  to  the  hinge  at  the  center,  the  system  is  statically  determi- 
nate and  immune  to  settlements  of  the  foundations.    A  similar  system, 


1666  HELL  GATE   ARCH   BRIDGE  [Papers. 

but  without  the  center  hinge,  was  used  by  Mr.  Lindenthal  in  his 
design  for  the  bridge  over  the  St.  Lawrence  River,  at  Quebec,  made  in 
1898,  and  for  the  Manhattan  Bridge  over  the  East  River  in  New  York 
City.  This  system  has  been  fully  described  and  discussed  by  him,*  and, 
therefore,  will  not  be  further  explained  here. 

The  system  used  in  Mr.  Linden thal's  design  for  the  Quebec  Bridge, 
made  in  1910,f  although  similar  in  form,  differs  from  the  previously 
mentioned  system  in  that  its  two  chords  or  chains  form  intersecting 
catenaries  equi-distant  from  the  line  of  equilibrium  for  dead  load. 
This  system  is  applicable  to  very  long  spans  only,  where  the  tension 
in  the  chains  from  dead  load  cannot  be  reversed  by  the  live  load. 

In  the  design  for  the  Hell  Gate  Bridge  a  hinge  was  provided  at 
the  center,  as  it  was  not  known  whether  solid  rock  foundations  could 
be  obtained  at  reasonable  depth.  Wherever  the  piers  rest  on  unyield- 
ing foundations,  it  is  preferable  to  omit  the  hinge.  In  comparison 
with  the  bridge  types  shown  in  Figs.  4  and  5,  the  suspension  type, 
with  its  graceful  outlines,  possesses  unquestionably  the  advantage  of 
more  pleasing  and  monumental  appearance.  The  anchorage  masonry 
and  the  main  towers  give  opportunity  for  architectural  treatment. 
The  appearance  would  be  improved  by  a  slight  increase  in  the  length 
of  the  end  span. 

In  point  of  rigidity,  the  cantilever,  in  general,  is  superior  to  the 
suspension  bridge.  However,  with  the  system  of  stiffening  trusses 
selected  for  this  design  and  the  great  sag  of  the  chains  (one-sixth  of 
the  span  length),  the  deflections  of  the  suspension  bridge  are  reduced 
to  about  one  and  one-half  times  those  of  the  cantilever.  This  greater 
deflection,  however,  is  no  serious  disadvantage  in  a  bridge  of  such 
size  and  capacity,  in  which  the  dead  load  is  more  than  twice  as  much 
as  the  maximum  assumed  live  load  and  more  than  four  times  the 
live  load  under  average  traffic  conditions.  Moreover,  in  a  suspension 
bridge,  the  deflections  from  live  load  are  free  from  that  jerkiness 
which  is  the  disagreeable  characteristic  of  deflection  in  the  cantilever 
bridge  system. 

Although  unusual,  the  erection  of  the  eye-bar  chain  suspension 
bridge,  without  falsework  in  the  center  span,  is  entirely  feasible,  and 
does  not  present  more  serious  difficulties  than  that  of  a  cantilever. 

*  Transactions,  Am.  Soc.  C.  E5.,  Vol.  LV  (December,  1905). 
t  Engineering  News,  November  23d,  1911. 
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It  was  piirticularly  for  its  nioiiiiincntal  cliaracter,  together  with  its 
apparriitly  smaller  eost,  that  tlie  stiffened  suspension  bridge  was  rec- 
onniieuded  by  the  designer  for  adoption  in  preference  to  the  other 
types,  and  it  would  undoubtedly  have  been  executed  had  construction 
been  started  at  that  time  and  had  not  certain  conditions  developed 
later  which  led  to  the  study  and  final  adoiition  of  the  arch  type. 

Continuous  Truss. — In  point  of  rigidity,  the  continuous  truss 
(Fig.  4)  is  superior  to  the  cantilever  and  suspension  type.  As  regards 
appearance,  however,  this  design  is  the  least  satisfactory.  Both  for 
economy  and  appearance  the  design  could  be  improved  by  depressing 
the  top  chord  so  as  to  make  the  height  at  the  middle  of  the  center 
span  about  two-thirds  of  that  over  the  main  piers,  and  by  using  a 
single  instead  of  the  antiquated  double  web  system.  In  any  case, 
however,  the  appearance  would  be  that  of  a  utilitarian  structure. 

The  common  objection  to  a  bridge  of  this  type  is  that  the  trusses 
are  statically  indeterminate  and  may  be  affected  seriously  by  settle- 
ments of  the  foundations.  Where  solid  foundations  can  be  reached 
at  reasonable  depth,  this  objection,  however,  is  not  valid,  and  this  type 
may  be  found  to  be  cheaper  and  more  suitable  than  other  types  if 
esthetic  considerations  are  of  no  importance.  The  erection  of  a  con- 
tinuous truss  bridge,  being  similar  to  that  of  a  cantilever,  does  not 
present  unusual  difficulties. 

Cantilever  Design. — The  cantilever  design  (Fig.  5)  is  similar  to 
that  shown  in  Fig.  2,  except  that  slender  hinged  towers  take  the  place 
of  the  imsightly  braced  towers  of  the  latter  design.  Although  superior 
in  appearance  to  many  existing  cantilever  bridges,  both  designs  pro- 
duce the  effect  of  utilitarian  structures  inherent  to  cantilever  bridges. 
There  is  no  opportunity  for  monumental  towers  or  abutments  at  the 
ends,  because  the  absence  of  a  large  horizontal  thrust  or  pull  does 
not  justify  a  large  mass  of  masonry  at  those  points,  as  in  the  case  of 
an  arch  or  a  suspension  bridge. 

The  hinged  towers  in  the  design  (Fig.  .5)  are  a  distinct  improve- 
ment over  the  braced  towers,  in  that  they  eliminate  dangerous  sec- 
ondary stresses  which  are  caused  in  the  case  of  the  latter.  A  further 
decided  improvement  as  regards  appearance,  rigidity,  and  permanence, 
and,  therefore,  fully  justifying  the  slightly  greater  expense,  would  be 
the  substitution  of  solid  masonry  piers  for  the  steel  towers  below  the 
bottom  chord  of  the  trusses.     Such  piers  have  the  further  advantage 
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that  the  longitudinal  forces  from  braking'  and  traction  can  be  trans- 
mitted tlirotigh  them  to  the  foundations  on  the  shortest  way  and 
without  increasing  appreciably  the  size  of  the  piers.  In  the  design 
(Fig.  5)  the  anchor  arms  have  the  proper  length,  whereas  in  the 
design  (Fig.  2),  they  are  too  long,  both  as  regards  economy  and  as 
the  ends  are  subject  to  reversal  of  reaction  from  live  load  which  causes 
objectionable  "hammering." 

Conditions  Which  Led  to   Investigation  of  Arch   Type. 

In  1905  the  line  of  the  railroad  on  Wards  Island  was  moved  far- 
ther north,  in  order  to  keep  it  a  greater  distance  from  the  State  Hos- 
pital buildings  there.  This  resulted  in  a  sharp  3°  10'  curve  extending 
at  both  ends  almost  to  the  shore  line  of  the  island.  A  long  shore  span 
such  as  would  have  been  required  for  a  cantilever  or  suspension 
bridge  would  have  necessitated  a  still  sharper  curve,  which  was  not 
desirable  on  account  of  the  heavy  grade. 

Moreover,  in  the  case  of  a  cantilever  or  suspension  bridge,  it  would 
have  been  necessary,  in  order  to  keep  the  span  length  down  to  850  ft., 
to  place  the  main  piers  close  to  the  shore  lines.  On  the  Long  Island 
side  this  would  have  necessitated,  at  considerable  additional  expense, 
the  shifting  landward  of  the  boulevard  which  runs  along  the  river 
shore,  and  would  undoubtedly  have  been  objected  to  by  the  City 
authorities. 

These  conditions  induced  Mr.  Lindenthal  to  investigate  a  single- 
span  arch  bridge  design.  For  an  arch,  the  location  of  the  Long 
Island  abutment  on  the  land  side  of  the  boulevard  was  the  proper  one, 
the  span  length  of  about  1  000  ft.  being  determined  by  the  clear  height 
of  135  ft.  which  was  required  by  the  Government  for  navigation  and 
had  to  be  maintained  for  the  full  width  between  the  established  bulk- 
head lines.  By  that  time,  also,  preliminary  borings  had  been  com- 
pleted, giving  more  accurate  information  as  to  the  soil  conditions. 
These  borings  indicated  that  solid  foundations,  which  are  necessarj' 
to  resist  the  tremendous  thrust  of  an  areli  of  such  great  span,  could 
be  had  at  reasonable  depth. 

Comparison  of  Arch  with  Cantilever  and  Suspension  Types. 
Comparison  in  cost  with  the  suspension  and  cantilever  designs  indi- 
cated a  saving  in  favor  of  the  arch.     The  estimated  weight  of  steel- 
work of  the  arch,  using  carbon  steel  only,  was  about  13  000  tons,  as 
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compared  with  liUUU  and  17  (HJU  tmis  i'oi'  the  suspension  and  cantilever 
designs,  respectively.  As  actually  built,  the  arch  is  probably  no 
cheaper  than  a  cantilever  or  suspension  bridge  under  the  same  condi- 
tions, because  the  saving  in  steelwork  was  practically  offset  by  the 
greater  cost  of  the  more  elaborate  towers  adoi)ted  in  the  final  design, 
and  by  the  greater  cost  of  foundations,  due  to  the  unfavorable  soil  con- 
ditions encountered  on  the  Wards  Island  side. 

Had  the  arch  abutments  been  designed  to  satisfy  only  the  static 
ri'([uirenients,  a  substantial  saving  in  favcir  of  the  arch  would  have 
resulted,  and,  of  course,  still  more  so,  if  it  had  been  possible  to  give 
the  arch  a  span  of  only  850  ft.  These  conditions,  together  with  the  con- 
siderations for  appearance,  finally  led  to  the  adoption  of  the  arch  type. 

The  two  masonry  towers  placed  at  each  end  of  the  bridge  are  an 
architectural  necessity.  Without  them,  the  arch  would  lose  much  of 
its  monumental  character  and  be  reduced  to  a  utilitarian  structure 
similar  to  the  cantilever.  The  towers,  however,  have  their  static  func- 
tion also.  With  their  great  weight,  they  steepen  the  resultant  arch 
thrust  and  thereby  limit  the  size  of  the  deep  foundations  to  a  minimum. 
They  also  facilitated  and  cheapened  the  erection  of  the  arch  to  a  con- 
siderable extent.  Aside  from  the  considerations  which  favored  it  in 
this  case,  the  arch  type,  as  finally  adopted,  possesses  over  the  suspen- 
sion and  cantilever  types  the  advantages  of  greater  rigidity,  its  vertical 
deflection  under  live  load  being  only  about  two-thirds  of  that  of  the 
cantilever.  The  deflections,  which  are  maximum  at  the  quarter-points 
of  the  arch  span,  are  not  greater  than  those  at  the  center  of  a  simple 
span,  which  is  well  kno^^^l  as  the  stiffest  type  of  bridge. 

The  secondary  stresses,  also,  are  small  in  an  arch  of  the  adopted 
type,  and  very  much  smaller  than  in  most  cantilever  bridges,  although 
this  depends  very  much  on  the  truss  system  and  the  method  of  erection. 

The  economy  of  an  arch  depends  largely  on  the  method  of  erection. 
An  arch  is  erected  either  on  falsework  (which  was  out  of  question  in 
this  case)  or  by  the  cantilever  method,  being,  in  the  latter  case,  held 
by  the  temporary  back-stays.  These  back-stays  may  require  con- 
siderable extra  material,  and  may  thus  impair  the  economy  of  the 
arch,  unless  the  configuration  of  the  ground  is  such  that  they  can  be 
made  of  short  ties  and  anchored  cheaply  in  solid  rock. 

This  was  not  possible  in  the  case  of  the  Hell  Gate  Bridge.  How- 
ever, the  adjoining  viaduct  spans,  the  floor  system,  suspenders,  and 
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other  parts  of  the  arch  bridge  proper  afforded  in  this  case  ample  ma- 
terial to  make  up  the  temporary  back-stays  and  anchorages,  so  that 
only  little  extra  material  had  to  be  used.  This  cheapened  the  erection 
very  considerably.  The  erection  on  the  cantilever  principle  presents 
no  more  serious  problems  than  that  of  a  cantilever  proper;  on  the  con- 
trary, the  final  erection  adjustments  are  simpler  in  the  case  of  the  arch. 

Two  Comparative  Designs  of  Arch  Type. 

Two  designs  for  an  arch  bridge  were  made  by  Mr.  Lindenthal  in 
1905.  Fig.  6  represents  the  two-hinged  crescent  arch,  as  used,  for 
instance,  for  the  railroad  bridges  over  the  Garabit  Valley,  in  France, 
and  over  the  Douro  River,  in  Portugal,  with  spans  of  541  and  525  ft., 
respectively.  Fig.  7  represents  the  two-hinged,  spandrel-braced  arch, 
similar  to  the  bridges  over  the  Rhine  at  Diisseldorf  and  Bonn,  which 
have  spans  of  595  and  614  ft.,  respectively.  The  two  designs  were 
made  for  the  same  loads  and  specifications  as  the  cantilever  or  sus- 
pension designs,  but  ordinary  carbon  steel  was  assumed  throughout, 
because,  at  prevailing  prices,  nickel  steel  ($40  per  ton  higher  than 
carbon  steel)  did  not  seem  to  offer  any  saving.  The  estimated  weight 
of  steelwork  was  slightly  in  favor  of  the  crescent  arch,  but  the  spandrel- 
braced  arch  offered  greater  advantages  for  the  cantilever  erection. 
Although  both  designs  are  pleasing  in  appearance,  the  spandrel  arch, 
owing  to  its  height  increasing  from  the  center  toward  the  ends,  is  more 
expressive  of  rigidity  than  the  crescent  arch,  the  ends  of  which  appear 
to  be  unnaturally  slim  in  comparison  with  the  great  height  at  the  center. 
The  tliree-hinged  arch  was  not  considered.  It  is  not  cheaper  than 
the  two-hinged  arch,  and  is  not  as  rigid.  The  fact  that  the  two-hinged 
arch  is  statically  indeterminate  is  frequently  cited  as  an  objection  to 
that  type.  This  is  not  justified.  There  is  no  more  uncertainty  in  the 
stress  distribution  in  that  tyi^e  than  in  a  so-called  statically  deter- 
minate structure  with  riveted  connections,  and  even  pin  connections 
do  not  remove  the  uncertainty,  as  is  now  well  recognized.  Moreover, 
if  desired,  it  is  always  possible,  as  has  been  done  in  the  case  of  the  Hell 
Gate  Bridge,  to  erect  the  two-hinged  arch  so  that  it  is  statically  de- 
terminate for  dead  load.  This,  however,  is  a  convenience  in  erection 
rather  than  an  advantage  as  regards  stress  action.  Of  course,  the 
above  characteristic  of  the  two-hinged  arch  is  a  serious  objection  where 
no  solid  foundations  can  be  obtained,  because  of  the  uncertainty  of 
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stresses  which  may  be  prodiiccd  by  a  spreading  of  the  foundations.     A 
two-hinged  arch  required  unyielding  abutments. 

Modifications  in  Adopted  Arcli  Design. 

The  spandrel-braced  arch  type  was  finally  adopted.  Before  the 
design  was  worked  out  in  detail,  the  top  chord  was  changed  by  giving 
it  a  slight  reversal  of  curve  toward  the  ends,  in  order  to  provide  for  a 
stout  portal  and  wind  bracing  for  the  top  chords,  and  also  improve 
the  silhouette  of  the  arch.  The  towers  were  increased  in  height,  and 
their  architectural  features  modified. 

In  1907,  the  design  of  the  tower  shown  in  Fig.  8  was  submitted  to 
the  Municipal  Art  Commission  of  ]^ew  York.  This  Commission, 
although  not  objecting  to  the  design  as  a  whole,  disapproved  of  the 
decorative  features  of  the  towers  and  their  bases.  The  towers  then 
received  several  further  modifications  until,  in  1912,  shortly  before 
construction  started,  the  design  illustrated  in  Fig.  9  was  finally 
adopted.  The  tower  in  this  design  represents  a  great  improvement 
over  that  shown  in  Fig.  8,  being  more  impressive  in  outline  and  simpler 
in  architectural  ornament  and,  therefore,  more  in  harmony  with  the 
simple,  imposing  forms  and  lines  of  the  bridge  proper. 

It  should  also  be  mentioned  that,  in  1910,  the  steel  superstructure 
was  re-designed  to  carry  Cooper's  E-60  loading  and  a  solid  ballasted 
floor.  This  loading  had  already  been  adopted  by  a  number  of  railroads, 
including  the  New  York,  New  Haven  and  Hartford  Railroad,  which 
is  to  use  the  bridge.  High-carbon  steel  was  adopted  in  place  of  the 
ordinary  structural  steel.  This  last  design,  moreover,  was  based  on 
special  rules  of  design  prepared  by  Mr.  Lindenthal,  as  abstracted  here- 
inafter. These  resulted  in  a  heavier  floor  system,  a  stronger  connec- 
tion, and  heavier  details  throughout.  Four  lines  of  stringers  and 
floor-beam  brackets,  strong  enough  to  carry  trolley  trafiic,  were  pro- 
vided outside  of  the  trusses.  These  modifications  increased  the  total 
weight  of  the  steelwork  to  18  900  tons. 

4. — General  Arrangement,  Proportions,  and  Cost  of  Arch  Bridge. 

The  Hell  Gate  Bridge,  as  built  (Plate  XVII),  is  a  two-hinged 
spandrel-braced  arch,  carrying  four  tracks.  Its  general  proportions 
were  dictated  partly  by  local  conditions  and  partly  by  the  require- 
ments for  economy  and  rigidity.     The  artistic   outlines  of  the  steel 
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superstrufturi'  arc  the  result  of  the  proper  interpretation  of  the 
economic  and  engineering-  requirements  of  the  structiu'c. 

Span  LetKjth  and  Rise* of  Arch. — The  span  length  is  1  UlT  ft.  be- 
tween faces  of  masonry  towers  at  track  level,  995  ft.  li  in.  between 
centers  of  bearings  on  skewbacks,  and  9T7  ft.  G  in.  between  centers  of 
hinges.  The  lengtli  was  determined  indirectly  by  the  clear  height  of 
1.'35  ft.  above  mean  higli  water,  as  prescribed  by  the  War  Department, 
an<l  which  had  to  be  maintained  for  a  width  of  about  700  ft.  between 
tlie  established  bulkhead  lines.  The  upper  corners  of  this  clearance 
rectangle  fixed  the  intersection  points  of  the  floor  with  the  bottom 
chord,  and  thus,  in  combination  with  the  chosen  rise  and  form  of  arch, 
fixed  the  location  of  the  abutments.  The  Long  Island  abutment  had 
to  be  placed  so  as  to  clear  the  "boulevard"  which  runs  along  the 
shore  line. 

The  exact  rise  of  the  center  line  of  the  bottom  chord  is  228  ft. 
%\l  in.  above  the  centers  of  bearings  on  skewbacks,  and  220  ft.  0  in. 
above  the  centers  of  hinges,  which  gives  a  ratio  of  rise  to  span  length 
of  1:4.5.  This  ratio  is  about  the  most  economical  under  the  given 
conditions.  The  weight  of  an  arch  of  this  type  and  length  varies  inap- 
preciably for  variations  in  rise  between  one-sixth  and  one-fourth  of 
tlie  span,  the  absolute  minimum  being  probably  nearer  the  lower  value. 
The  greater  rise  in  this  case  secured  greater  economy,  because,  for  the 
given  length  between  the  intersection  points  of  the  lower  chord  and 
the  floor,  a  flatter  arch  would  have  required  a  longer  span  and,  there- 
fore, more  metal  and  more  expensive  abutments  and  foundations. 

Shape  of  Bottom  Chord. — The  panel  points  of  the  bottom  chord 
lie  on  a  parabola,  this  being  the  line  of  equilibrium  of  the  bottom 
chord  as  an  independent  arch  rib,  when  covered  with  a  uniform  load 
over  the  whole  span.  To  approach  this  condition,  as  nearly  as  possible, 
and  thus  secure  for  each  truss  a  massive  arch  rib  expressive  of  great 
stren^lh,  and  transmit  the  loads  in  the  most  direct  way  to  the  abut- 
ments, the  trusses  were  designed  and  erected  to  act  as  three-hinged 
arches  for  the  entire  weight  of  steelwork,  the  joint  at  one  of  the  center 
panel  points  of  the  bottom  chord  acting  as  the  middle  hinge.  This 
arrangement  is  conducive  to  economy  and  rigidity. 

Height  of  Arch  Trusses,  and  Shape  of  Top  Chord. — The  total  height 
of  the  arch  trusses  from  center  of  hinge  to  center  of  top  chord  at  the 
middle  of  the  span  is  2G0  ft.  2.i;   in.,  and  tlie  total  height  of  the  steel 
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superstructure  above  mean  high  Tvater  is  305  ft.  The  height  of  the 
trusses  at  the  quarter  points  of  the  span,  where  the  greatest  deflections 
occur,  was  chosen  at  60  ft.,  or  slightly  more  than  one-fourth  of  the  rise 
of  the  bottom  chord.  This  proportion  of  height  to  rise  insures  ample 
rigidity.  Besides,  it  is  sufficient  to  keep  the  maximum  live-load 
stresses  in  the  bottom  chord  approximately  within  the  stresses  from 
live  load  covering  the  whole  span,  and,  therefore,  no  extra  material  is 
required  in  the  bottom  chord  for  the  otherwise  large  stresses  from 
partial  live  load. 

On  the  other  hand,  for  a  greater  proportion  of  height  to  rise  than 
that  chosen,  the  aggregate  weight  of  the  top  chord  and  web  members 
increases,  and  the  weight  of  the  bottom  chord  remains  nearly  constant. 

The  height  of  the  trusses  was  decreased  toward  the  center  to  40  ft. 
2|  in.,  or  approximately  one-twenty-fourth  of  the  span  length,  so  as 
to  reduce  the  temperature  stresses,  which  are  greatest  at  the  center. 
The  height  of  140  ft.  at  the  ends  of  the  trusses  was  determined  by  the 
necessity  for  rigid  portals  between  the  end  posts  above  the  track  floor. 
These  assumptions  for  height  resulted  in  the  slightly  reversed  curve 
of  the  top  chord,  which  produces  a  very  pleasing  sky  line. 

Width. — The  width  of  60  ft.  between  centers  of  trusses  resulted 
from  the  required  clear  width  of  53  ft.  for  the  four  tracks  (the  dis- 
tance between  centers  of  tracks  being  13  ft.)  and  an  allowance  of 
7  ft.  for  the  width  of  the  bottom  chord  at  its  intersection  with  the  floor. 
This  width,  being  one-sixteenth  of  the  span  length,  was  sufficient  for 
lateral  stability  and  rigidity,  and  therefore  it  was  not  necessary  to 
spread  the  trusses  or  to  place  them  in  inclined  planes.  To  obtain  great 
lateral  rigidity  of  the  susi>ended  floor  and  an  economical  floor  wind 
truss,  however,  the  latter  is  made  93  ft.  wide,  its  chords  being  placed 
16J  ft.  outside  of  the  main  trusses  and  carried  by  cantilever  extensions 
of  the  floor-beams. 

Weh  System  and  Panel  Length. — The  web  system  consists  of  a  single 
line  of  verticals  and  diagonals,  the  latter  falling  toward  the  center  of 
the  span,  as  commonly  used  in  arch  bridges  of  this  type.  The  system 
is  simple,  economical,  and  free  from  large  secondary  stresses.  There 
are  twenty-three  equal  panels,  each  42i  ft.  long.  For  a  two-hinged  arch, 
an  odd  number  of  panels  produces  a  better  appearance  than  an  even 
number.  The  panel  length  was  chosen  with  a  view  to  obtain  the  most 
economical  floor  and  truss  web   system.     The  latter  was   secured  by 
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making-  the  avenig'c  inclination  of  the  diagonals  about  45°  with  the 
horizontal. 

General  Arrangement  of  Arch  Bracing. — The  transverse  bracing 
between  the  two  trusses  comprises  a  lateral  system  along  the  top  chords, 
a  lateral  system  along  the  bottom  chords,  and  sway-frames  and  portals 
in  the  planes  of  the  first  five  verticals  at  each  end  of  the  span.  Sway- 
frames  between  the  other  truss  verticals  and  between  the  floor  sus- 
penders have  been  omitted  purposely,  as  they  are  not  needed  and  would 
have  to  be  very  heavy  to  resist  the  stresses  from  unequal  deflection  of 
the  two  trusses  under  one-sided  load.  The  top  lateral  truss  is  assumed 
to  transmit  its  reactions  to  the  portals  between  the  end  posts  and 
through  these  and  the  sway-frames  below  the  floor  to  the  bearings. 
The  wind  forces  which  act  along  the  bottom  chords  are  transmitted 
through  the  bottom  lateral  truss  directly  to  the  arch  bearings.  Owing 
to  the  polygonal  shape  of  the  chords,  components  of  the  lateral  stresses 
are  transmitted  into  the  main  trusses  at  each  panel  point,  which, 
although  small,  had  to  be  considered  in  proportioning  the  truss  mem- 
bers. At  the  intersections  of  the  floor  with  the  bottom  chord,  the 
lateral  bracing  between  these  chords  had  to  be  interrupted  to  provide 
the  necessary  head-room  above  the  floor.  Stiff  portals  were  substituted 
for  the  laterals  at  these  points,  and  the  chords  were  proportioned  for 
the  additional  bending  stresses. 

General  Arrangement  of  Floor  System. — The  floor  system  (Plates 
XX  and  XXIY)  comprises  the  following  parts : 

1. — A  floor-beam  at  each  panel  point,  rigidly  framed  into  the  trusses 
at  the  first  four  verticals  at  each  end  of  the  span  and  hung  from  the 
trusses  by  suspenders  in  the  middle  portion  of  the  span. 

2. — Eight  lines  of  railroad  stringers,  6  ft.  6  in.  apart,  framed  into 
the  floor-beams  and  braced  together  in  pairs  for  each  track  by  top  and 
bottom  laterals  and  sway-frames.  Each  pair  carries  a  concrete  trough 
which  supports  the  ballasted  track. 

3. — Four  lines  of  sidewalk  stringers,  one  pair  outside  of  each  track, 
framed  into  cantilever  extensions  of  the  floor-beams.  These  stringers 
support  only  a  light  sidewalk,  but  are  made  strong  enough  to  carrj- 
the  trolley  line  which  wa«  contemplated. 

4. — Two  lines  of  lattice  girders,  one  on  each  side  of  the  floor,  placed 
16J  ft.  outside  of  the  center  line  of  the  main  truss,  and  carried  at  the 
end  of  the  floor-beam  extensions.     The  function  of  these  girders  is  to 


1680  HELL   GATE    AECII   BRIDGE  [Papers. 

screen  the  floor  system  and  thus  secure  a  more  uniform  and  neat  ap- 
pearance. At  the  same  time,  these  g-irders  act  as  railings,  and  their 
bottom  chords  form  the  chords  of  the  floor  lateral  truss. 

5.- — A  floor  lateral  truss  to  resist  the  wind  and  lateral  forces  which 
act  on  the  trains  and  floor. 

6. — Two  "braking  girders",  one  at  each  intersection  of  the  floor  with 
the  main  trusses.  These  girders  transmit  the  longitudinal  forces  from 
braking  and  traction  from  the  stringers  to  the  main  trusses,  and  thus 
eliminate  serious  horizontal  bending  of  the  floor-beams. 

Provision  for  Expansion  of  Floor. — The  floor  had  to  have  at  least 
one  expansion  joint  at  or  between  its  intersections  with  the  bottom 
chord  (Panel  Points  6,  Plates  XVII  and  XX),  so  as  not  to  be  strained 
by  temperature  changes  or  deformation  of  the  arch  trusses. 

The  expansion  of  the  floor  for  a  change  in  temperature  of  zt  72° 
Fahr.  is  dz  -1.1  in.,  but  this  is  partly  offset  by  an  increase  of  d=  1.6  in. 
in  the  distance  between  Points  6,  due  to  the  temperature  deformation 
of  the  arch  truss,  leaving  a  movement  from  the  normal  position,  of 
zh  4.1  =F  l.<>  =  =t  2.5  in.,  which  had  to  be  provided  for  at  the  expansion 
joint.  The  effect  of  a  maximum  live  load  covering  the  entire  span  is 
to  open  the  joint  by  0.1  in.,  which  is  negligible. 

In  deciding  on  the  location  of  the  expansion  joint,  the  following 
conditions  had  to  be  taken  into  consideration : 

Pirst. — To  secure  the  greatest  lateral  rigidity,  the  floor  lateral  sys- 
tem should  be  such  as  to  cause  the  least  lateral  deflections. 

Second. — To  avoid  large  stresses  in  the  stringers  and  their  connec- 
tions from  the  longitudinal  force,  the  distance  between  the  expansion 
joint  and  the  braking  girder  should  be  as  small  as  possible. 

Third. — The  floor  suspenders  should  be  subject  to  the  least  possible 
bending  in  the  plane  of  the  truss  from  the  expansion  of  the  floor. 

To  meet  all  these  conditions,  the  expansion  joint  was  placed  at 
Panel  Point  12,  six  panels  from  the  Wards  Island  end.  At  the  cor- 
responding Point  12  on  the  Long  Island  side,  the  floor  laterals  are 
rigidly  connected  at  the  center  of  the  floor-beam,  but  the  wind  chords 
are  cut,  so  as  to  secure  hinge  action  of  the  floor-lateral  truss.  The 
latter,  therefore,  forms  a  three-span  cantilever  truss  with  a  suspended 
span  between  Points  12,  Cantilever  Anns  12 — 6,  and  Anchor  Arms 
6—0. 
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The  suspended  span  delivers  its  reactions  to  the  eantiU'ver  arms  l)y 
a  fixed  connection  of  tlie  diaii'onals  at  the  center  of  Floor-beam  12 
(Lonp:  Island  side)  and  a  sliding  bearing  at  the  center  of  Floor-beam 
12  (Wards  Island  side).  The  reactions  at  Points  6  are  transmitted 
to  the  bottom  cJiord  lateral  system  and,  through  this,  to  the  arch  bear- 
iniis.  The  reactions  of  the  floor-lateral  truss  at  the  ends  are  trans- 
mitted to  the  sway-frames  between  the  end  posts  and,  through  these, 
to  the  bearings. 

The  longitudinal  force  from  Part  0 — 12  (Wards  Island  side)  is 
transmitted  to  the  braking  girder  at  6  (Wards  Island  side),  and  the 
force  from  Part  12  (Wards  Island  side)  to  0  (Long  Island  side)  is 
transmitted  to  the  braking  girder  at  6  (Long  Island  side).  The  stringer 
connections  to  the  floor-beams  are  made  strong  enough  to  resist  safely 
the  longitudinal  force  in  addition  to  the  vertical  shear. 

Cost. — The  Hell  Gate  Bridge  contains  approximately  110  000  cu. 
yd.  of  masonn,'  in  the  towers  and  foundations  and  19  400  tons  of  steel 
in  the  steel  superstructure.  (Detailed  quantities  are  given  under  the 
respective  headings.) 

The  cost  of  construction  is  approximately  as  follows: 

Towers  and  foundations $1  TOO  000 

Steel  superstructure 1  900  000 

Concrete  flooring  and  tracks 100  000 

Total $3  700  000 

5. — ]\L\soxRY  Towers  axd  Fouxdations. 

The  massive  masonry  towers  which  flank  the  steel  arch  greatly  en- 
hance the  appearance  of  the  bridge  and  give  it  its  monumental  char- 
acter. They  also  give  expression  to  the  solidity  of  the  abutments  to 
resist  the  great  thrust  of  the  arch.  Without  the  towers,  the  statically 
trained  eye  would  want  that  expression  of  stability,  because  of  the  com- 
parative flatness  of  the  shores. 

This  static  requirement,  however,  is  not  merely  an  apparent  one. 
Preliminary  wash-borings  indicated  that  the  foundations  had  to  go  to 
considerable  depth,  at  least  on  the  Wards  Island  side.  There  having 
been  doubt  as  to  the  reliability  of  the  wash-borings,  the  depth  of  rock 
was  established  later  by  core-borings  at  from  55  to  140  ft.  below  mean 
high  water  line.     To  restrict  the  size  of  the  foundation  to  a  inininnnn. 
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it  was  necessary  to  provide  above  the  ground  a  mass  of  masonry,  the 
weight  of  which,  combined  with  the  inclined  reaction  of  the  arch, 
would  give  a  steep  resultant,  passing  well  within  the  middle  third  of 
the  foundation  area,  so  that  the  edge  pressure  could  be  kept  within 
permissible  limits. 

To  be  expressive  of  their  purpose,  the  towers  were  designed  archi- 
tecturally as  massive  masonry  blocks  with  simple  outlines  and  plain 
structural  ornamentation  (Fig.  10).  In  working  out  the  architectural 
form  and  details  of  the  towers,  Mr.  Lindenthal  had  the  valuable  as- 
sistance and  advice  of  Mr.  Henry  Hornbostel  as  Consulting  Architect. 

Towers,  Above  Foundations. — Plate  XVIII  shows  the  type  of  con- 
struction of  the  towers  above  the  foundations.  The  dimensions  of  the 
towers  are  103  by  139  ft.  at  the  ground  level  and  diminish  along  para- 
bolic lines  to  61  by  105  ft.  at  the  top.  The  total  height  above  ground 
is  220  ft.,  and  the  extreme  height  above  bottom  of  foundation  is  345  ft. 
Each  tower  has  a  solid  base,  which  acts  as  an  abutment  for  the  arch 
bearings  and  distributes  the  pressure  over  the  foundations.  On  the 
Long  Island  side,  the  base,  with  the  foundation  course,  forms  a  mono- 
lithic slab,  140  by  104  ft.,  with  an  average  thickness  of  49  ft.,  and  rests 
on  gneiss  bed-rock,  which  was  encountered  at  from  15  to  38  ft.  below 
the  surface,  and  was  reached  by  open  excavation.  The  maximum 
foundation  pressure  is  8J  tons  per  sq.  ft.  On  the  Wards  Island  side, 
the  base  is  140  by  119  ft.  and  40  ft.  thick,  and  rests  on  the  caisson 
foundation  described  subsequently. 

Above  this  base,  and  up  to  the  track  floor,  the  towers  are  of  hollow 
cellular  construction,  consisting  of  the  four  exterior  walls  and  three 
interior  walls  parallel  to  the  tracks.  Above  the  track  floor,  the  trans- 
verse walls  are  pierced  by  a  main  arch  over  the  four  tracks,  and  two 
smaller  side  arches  over  the  footwalks.  The  longitudinal  walls  have 
also  an  arch  opening  for  architectural  reasons.  The  towers  are  topped 
by  a  flat  roof  surrounded  by  an  ornamental  balustrade.  Stairs  lead 
from  an  entrance  at  the  ground  level  through  the  base  and  interior 
vaults  to  the  track  floor  and  roof,  and  also  to  the  ends  of  the  top 
chords  of  the  steel  arch.  The  towers  are  of  concrete  with  granite  fac- 
ing. The  concrete  is  well  reinforced  with  vertical  and  horizontal  steel 
rods  in  order  to  prevent  temperature  and  shrinkage  cracks.  The  track 
floor  and  roof  are  heavily  reinforced  with  steel  girders.     The  Snare  and 


Pa,.ns.| 


IIKLL   GATE    ARCH    HIUDGE 


1G83 


Fig.    10. — IjO.ng  Island  Tower  of  Hell  Gate  Bhidge. 
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Triest  Company  was  tlit^  contractor  for  the  towers  above  tlie  bases,  and 
the  Kyan  Constrnction  Corporation  for  tlie  bases. 

]Viiids  Island  'rower  Foundation. — On  the  Wards  Ishxnd  side,  the 
tower  base  rests  on  twenty-one  concrete  caissons,  all  sunk  by  the  ])neu- 
niatic  process  to  depths  varying  from  37  to  107  ft.  below  mean  high 
wiit.T.  which  is  I'O  ft.  below  the  ground  surface.  (Plate  XIX.)  The 
caissons  are  arranged  in  five  rows  parallel  to  the  axis  of  the  bridge. 
Each  outer  row  and  the  middle  one  consists  of  five  cylindrical  caissons, 
18  ft.  in  diameter,  which  are  calculated  to  carry  only  vertical  pressure. 
Each  of  the  two  other  rows  consists  of  three  rectangular  caissons,  30 
by  41  ft.,  which  are  interlocked  by  concrete  keys  extending  nearly  the 
full  depth  of  the  caissons.  These  two  rows  of  caissons  thus  form  two 
rectangular  blocks,  30  by  125  ft.,  which  are  calculated  to  resist  entirely 
the  horizontal  pressure  from  the  arch.  They  exert  a  maximum  edge 
pressure  on  the  rock  foundation  of  20  tons  per  sq.  ft.,  if  skin  friction 
and  buoyancy  are  neglected.  The  space  for  the  keys  was  excavated  and 
filled  with  concrete,  partly  with  and  partly  without  the  use  of  air  pres- 
sure, after  the  caissons  had  been  sunk  to  their  final  depth. 

The  dissection  of  the  foundation  into  twenty-one  individual  caissons 
was  advisable  on  account  of  the  large  size  of  the  tower  base  and  the 
greatly  varying  depth  to  solid  rock.  The  formation  of  the  bed-rock 
below  Wards  Island  is  very  peculiar.  One  of  the  lines  of  cleavage 
between  the  dolomitic  limestone  formation  and  the  gneiss  rock  which 
run  parallel  with  the  East  River,  appears  to  pass  right  under  the  Wards 
Island  tower.  About  45%  of  the  foundation  on  the  river  side  is  on 
limestone  and  about  25%  on  the  land  side  is  on  gneiss.  Between  these 
two  rock  formations  there  is  a  crevasse  of  unknown  depth  and  of  from 
15  to  60  ft.  width.  Its  sides  are  almost  vertical,  corresponding  to  the 
vertical  stratification  of  the  rock.  The  crevasse  is  filled  mostly  with 
red  clay  and  some  boulders.  The  clay  is  practically  impervious  to 
water,  which  is  shown  by  the  fact  that  the  excavation  was  in  part  car- 
ried on  with  an  air  pressure  of  only  18  lb.  at  a  depth  of  100  ft.  below 
water  level,  and,  for  some  caissons,  to  18  ft.  below  the  cutting  edge. 
In  its  natural  state,  the  clay  is  very  hard  and  has  a  high  bearing 
capacity,  but,  in  water,  it  dissolves  readily. 

Three  of  the  fifteen  cylinder  cais.sons  rest  entirely  on  this  clay,  at 
depths  of  from  94  to  123  ft.  below  the  surface,  where  there  is  no  danger 
of   disturbance.      Under   the   rectangular   caissons,   the   crevasse   was 
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bridged  over  by  a  concrete  arch  which  was  built  at  considerable 
risk  below  the  cutting  edge  of  the  caissons.  For  this  purpose,  the 
caissons  were  supported  temporarily  by  pilasters  of  rubble  masonry 
built  down  to  the  intrados  of  the  arch  previous  to  the  excavation  for 
the  latter  (Plate  XIX).  All  caissons  are  of  1:2:4  concrete,  well 
reinforced  horizontally  and  vertically  with  steel  rods.  Details  of  the 
working  chambers  and  cutting  edge  are  shown  in  Fig.  11. 

Owing  to  the  unusual  and  difficult  character  of  the  Wards  Island 
foundation,  the  Company  decided  to  do  the  work  with  its  own  forces, 
under  the  direction  of  the  Chief  Engineer.  P.  G.  Brown,  M.  Am.  Soc. 
C.  E.,  as  Managing  Engineer,  was  in  immediate  charge  of  this  work. 
Quantities. — The  two  towers  contain  approximately  110  000  cu.  yd. 
of  masonry,  of  which  28  000  cu.  yd.  are  in  the  Wards  Island  foundation. 
The  principal  quantities  are: 

Concrete   (1 :  2  :  4  and  1 :  2^  :  5) 99  000  cu.  yd. 

Granite    11  000  cu.  yd. 

Steel  reinforcement   1  000  tons 

Structural    steel    500  tons 

6. — Details   of   Design,   and   Weight   of    Steel    Superstructure   of 
Hell  Gate  Bridge. 

The  details  of  design  of  the  steel  superstructvire  have  been  worked 
out  to  conform  primarily  to  the  requirements  for  strength  and  rigidity 
and  next  for  neat  appearance,  without  extra  expense  for  structural 
ornamentation.  Stress  sheets  and  complete  detailed  plans  were  pre- 
pared by  the  Consulting  Engineer,  on  which  the  Contractor  was 
required  to  base  his  working  drawings,  and  he  was  therein  given 
opportunity  to  utilize  his  experience  in  fabrication,  erection,  special 
devices,  and  working  methods.  This  is  the  proper  procedure  in  the 
case  of  a  large  bridge  in  which  many  details  are  of  unusual  dimen- 
sions and  composition. 

Sections  of  Truss  Members. — The  make-up  of  the  sections  of  the 
truss  members  was  largely  governed  by  the  necessity  for  riveted  con- 
nections. Pin  connections  were  not  considered.  They  are  objection- 
able in  members  subject  to  reversal  of  stress,  as  they  impair  the 
rigidity  and  durability  of  the  bridge.  Because  of  the  riveted  con- 
nections, the  number  of  webs  of  all  members  was  limited  to  two.  Fig. 
12  shows  the  typical  sections  of  the  various  truss  members. 
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liollum  Chord  iSection. — 'J'Ir'  bottom  chord  has  a  closed  double- 
box  section,  consisting  of  two  vertical  webs,  top  and  bottom  covers, 
and  a  solid  horizontal  diaphragm  along  the  center  line  of  the  chord. 
The  effective  gross  area  varies  from  929  sq.  in.  at  the  crown  to  1  392 
sq.  in.  at  the  bearings.  With  the  exception  of  the  bottom  chord  of 
the  new  Quebec  Bridge,  of  1  800  ft.  span,  w^hich  has  a  maximum  section 
of  1  902  sq.  in.,  the  Hell  Gate  Bridge  has  the  largest  chord  section  so 
far  built.     The  width  of  the  chord  is  G  ft.  6^  in.  throughout. 

The  depth,  from  out  to  out  of  covers,  increases  gradually  from  7  ft. 
0}  in.  at  the  crown  to  a  maximum  of  10  ft.  9|  in.  at  the  bearings,  the 
greatest  depth  over  all  being  11  ft.  4:i  in.  In  that  way  the  thickness 
of  web  was  kept  uniform,  and  the  bottom  chord,  as  the  carrying  mem- 


Owing  to  the  number  of  illustrations  in  this  paper,  it  has  not  been 
possible  to  prepare  Plates  XX,  XXII,  XXIX,  and  XXXI  in  time  for 
publication  in  this  number  of  Proceedings.  They  will  be  added  when 
the  paper  is  published  finally  in  Transactions;  and,  before  the  paper 
is  presented,  copies  will  be  available  for  those  who  wish  to  discuss  it. 


IS  superior  to  sections  inaue  up  oi  lwu  or  inure  weuo  cuimcctcu  u.y 
latticing  and  tie-plates,  but  it  is  adapted  only  to  heavy  chords  or  posts 
of  large  bridges,  for  which  it  can  be  made  of  sufficient  dimensions  to 
allow  access  to  the  inside  for  the  purpose  of  riveting,  inspection,  and 
painting. 

A  further  lunisual  feature  of  these  chords  is  that  their  main  webs, 
and  the  web  of  the  center  diaphragm,  are  single  plates  of  the  extraor- 
dinary thickness  of  2  in. 

Large  compression  members  are  undoubtedly  stronger  when  made 
up  of  single  thick  plates  than  of  several  thin  plates  tack-riveted 
together;  besides,  many  rivets  are  saved  by  using  single  thick  plates. 
It   is   frequently   maintained  that  better  material  is   obtained   in   the 
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liaUom  Chord  Section. — The  bottom  chord  has  a  closed  double- 
box  section,  consisting  of  two  vertical  webs,  top  and  bottom  covers, 
and  a  solid  horizontal  diaphragm  along  the  center  line  of  the  chord. 
The  effective  gross  area  varies  from  929  sq.  in.  at  the  crown  to  1  392 
sq.  in.  at  the  bearings.  With  the  exception  of  the  bottom  chord  of 
the  new  Quebec  Bridge,  of  1  800  ft.  span,  which  has  a  maximum  section 
of  1  902  sq.  in.,  the  Hell  Gate  Bridge  has  the  largest  chord  section  so 
far  built.     The  width  of  the  chord  is  6  ft.  6i  in.  throughout. 

'J'he  depth,  from  out  to  out  of  covers,  increases  gradually  from  7  ft. 
Oi  in.  at  the  crown  to  a  maximum  of  10  ft.  9f  in.  at  the  bearings,  the 
greatest  depth  over  all  being  11  ft.  4i  in.  In  that  way  the  thickness 
of  wob  was  kept  uniform,  and  the  bottom  chord,  as  the  carrying  mem- 
ber, was  given  an  expression  of  strength  which  is  very  satisfactory 
from  an  architectural  point  of  view.  The  depth  of  the  chord  at  the 
bearings  was  made  as  large  as  transportation  from  shop  to  site  would 
permit,  and,  even  then,  special  low  cars  were  required. 

Each  web-plate  between  two  panel  points  had  to  be  made  up  of 
four  pieces,  shop-spliced  longitudinally  along  the  center  line  of  the 
member  and  vertically  at  tlie  center  of  tlie  panel.  To  jirevent  dis- 
tortion, each  chord  member  is  stiffened  by  five  pairs  of  transverse 
diai)hragms. 

The  section  of  the  bottom  chord,  as  previously  described,  marks 
a  radical  departure  from  usual  practice.  For  effectiveness  to  resist 
buckling,  the  circular-tube  section,  as  used  in  the  Forth  Bridge,  is 
theoretically  the  best,  but  its  fabrication  is  too  costly  for  American 
practice.  The  rectangular  closed-box  section,  if  properly  stiffened, 
is  superior  to  sections  made  up  of  two  or  more  webs  connected  by 
latticing  and  tie-plates,  but  it  is  adapted  only  to  heavy  chords  or  posts 
of  large  l)rid8es,  for  which  it  can  be  made  of  sufficient  dimensions  to 
allow  access  to  the  inside  for  tlie  ])urpose  of  riveting,  inspection,  and 
painting. 

A  further  unusual  feature  of  these  chords  is  that  their  main  webs, 
and  the  web  of  the  center  diaphragm,  are  single  plates  of  the  extraor- 
dinary thickness  of  2  in. 

Large  compression  members  are  undoubtedly  stronger  when  made 
up  of  single  thick  plates  than  of  several  thin  plates  tack-riveted 
together;  besides,  many  rivets  are  saved  by  using  single  thick  plates. 
It   is   frequently  maintained  that  better  material   is   obtained   in   the 
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thinner  than  in  the  thicker  plates.  This  was  not  substantiated  by 
the  great  number  of  specimen  tests  made  for  the  Hell  Gate  Bridge 
from  material  varying  from  ^  in.  to  2  in.  in  thickness.  In  general, 
the  thick  material  showed  as  high  elastic  properties  and  ultimate 
strength  as  the  thinner  material  rolled  from  the  same  heat. 

The  tests*  made  by  the  Society's  Special  Committee  on  Steel 
Columns  and  Struts  show  a  marked  falling  oif  in  the  compressive 
strength  of  heavy  columns  in  comparison  with  light  columns  of 
approximately^  the  same  outside  dimensions.  It  would  be  wrong,  how- 
ever, to  conclude  that  this  is  due  to  the  thicker  metal  in  the  heavy 
columns.  It  would  seem  to  be  due  rather  to  the  less  efficient  distribu- 
tion of  metal  in  the  heavier  columns.  If  the  heavy  columns  had  been 
built  up  of  several  thin  plates,  tack-riveted  together,  their  compres- 
sive strength  would  probably  have  been  even  less.  Comparative  tests, 
to  throw  light  on  this  question,  would  be  highly  desirable. 

Top  Chord  and  Web  Members. — The  top  chord  and  web  members 
have  a  rectangular  box  section  with  two  solid  webs  parallel  to  the 
plane  of  the  truss.  The  top  chord  and  end  posts  are  properly  provided 
also  with  a  solid  cover.  All  open  sides  have  stiff-angle  latticing 
(Plates  XXI  and  XXII).  The  section  of  the  top  chord  ranges  from 
315  to  386  sq.  in.,  and  has  a  uniform  depth  of  4  ft.,  except  in  the  end 
panel,  where,  for  better  appearance,  and  to  allow  sufficient  height  for 
entrance  at  the  tower,  the  chord  tapers  to  54  ft.  From  the  end  a 
stair  leads  through  the  chord  to  its  top,  along  which  two  light  hand- 
rails are  provided. 

The  sections  of  the  web  members  increase  from  126  sq.  in.  at  the 
crown  to  315  sq.  in.  at  the  end,  and  the  depth  increases  correspond- 
ingly from  42  to  60  in.  A  good  section  for  compression  members  of 
moderate  area  is  that  of  the  two  vertical  posts,  2-3  and  4-5,  below  the 
floor,  each  flange  consisting  of  two  angles.  The  latticing  connects 
only  to  the  inside  angle,  but  its  stresses  are  transmitted  to  both  angles 
through  short  tie-plates  placed  across  the  two  angles  (Plate  XXII). 
Floor  Suspenders. — The  suspenders,  which  carry  the  floor  between 
its  intersections  with  the  trusses,  have  an  I-section  with  a  single  web, 
48  in.  wide,  placed  at  right  angles  to  the  plane  of  the  truss.  For 
appearance,  and  to  prevent  large  bending  stresses  in  the  suspenders, 
due  to  the  longitudinal  expansion  and  contraction  of  the  floor,  they 
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WL-re  purposely  made  slentler  in  elevation.  To  prevent  bending  stresses 
in  the  suspenders,  due  to  the  vertical  deflection  of  the  floor-beams 
and  the  horizontal  deflection  of  the  floor-lateral  truss,  the  suspenders 
are  connected  to  the  floor-beams  at  the  bottom  and  to  the  trusses  at 
the  top  with  IG-in.  pins  placed  parallel  to  the  plane  of  the  truss  (Plate 
XXII). 

Latticing  of  Tniss  Members. — Since  the  failure  of  the  Quebec 
Bridge  in  1907,  increased  attention  has  been  given  to  the  latticing  of 
compression  members,  which  has  led  to  marked  improvement  in  this 
respect.  Numerous  tests,  and  a  number  of  failures  tliat  have  occurred 
since,  have  given  further  proof  that  inadequate  latticing  greatly  re- 
duces the  buckling  strength,  of  compression  members.  It  is  now 
generally  recognized  that  the  latticing  has  a  distinct  static  function, 
and  bears  a  certain  relation  to  the  dimensions,  shape,  and  area  of 
section  of  the  member. 

The  following  simple  and  easily  remembered  rule  was  applied  in 
proportioning  the  latticing  in  the  Hell  Gate  Bridge  and  Approaches: 

"The  latticing  and  its  connections  shall  be  designed  to  resist  at 
any  section  at  right  angles  to  the  axis  of  the  member  a  shearing  force, 
in  pounds,  at  least  equal  to  300  times  the  gross  area  of  the  member, 
in  square  inches." 

Stilf-angle  latticing  was  used  throughout,  with  a  minimum  'Jiick- 
ness  of  i  in.,  and  at  least  two  rivets  for  each  angle.  Flat  lattice  bars 
in  heavy  compression  members  are  objectionable,  as  they  have  little 
resistance  against  compression.  They  are  easily  beiit  in  handling  the 
members,  and,  even  if  subsequently  straightened,  as  is  a  too  common 
practice,  they  constitute  a  permanent  defect  in  a  bridge. 

Special  attention  was  given  to  uniformity  and  the  neat  appearance 
of  the  latticing.  Main  truss  members,  as  well  as  laterals,  have  double 
lattice  angles  with  an  inclination  of  about  45°  to  the  axis  of  the 
member.  One  of  each  pair  of  lattice  angles  is  spliced  at  the  inter- 
section by  a  square  plate  (Plates  XXI  and  XXII).  All  latticing 
is  placed  inside  the  flange  angles.  The  tie-plates  are  as  near  as  prac- 
ticable to  the  end  of  the  member,  in  any  case,  well  within  the  edge  of 
the  gusset-plate,  and  all  cover-plates  of  the  bottom  chord  are  continuous 
across  the  panel  point,  being  notched  out  for  the  gusset-plates.  This 
is  an  important  improvement  over  the  very  common  practice  of  stop- 
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ping  tie-plates  or  cover-plates  outside  of  the  gusset,  thus  leaving  the 
flange  of  the  member  unsupported  for  a  considerable  length. 

Riveted  Connections  and  Splices  of  Truss  Members. — As  yet,  little 
is  known  about  the  correct  distribution  of  stresses  in  a  riveted  con- 
nection. In  proportioning,  the  favorable  assumption  of  uniform  dis- 
tribution of  stresses  among  all  rivets  of  a  connection  is  made,  and  the 
secondary  stresses  in  the  rivets  caused  by  the  stiffness  of  the  connec- 
tions is  generally  disregarded,  on  the  assumption  that  they  are  fully 
covered  by  the  margin  of  safety  of  the  main  stresses.  In  view  of  the 
unusually  large  connections  and  splices  in  the  main  trusses  of  the  Hell 
Gate  Bridge,  it  was  important  to  guard  against  local  over-stressing. 

The  following  requirements,  as  quoted  from  the  "Rules  of  Design," 
governed  the  detailing  of  the  connections  and  splices: 

"The  strength  of  connections  shall  be  sufficient  to  develop  the  full 
strength  of  the  member,  even  though  the  computed  stress  is  less,  the 
kind  of  stress  to  which  the  member  is  subjected  being  considered. 

"Truss  members  with  alternating  axial  stresses  caused  by  live  load 
(including  impact)  shall  be  proportioned  for  the  stress  requiring  the 
larger  sections.  The  connections  and  splices  shall  be  proportioned 
for  the  larger  stress  plus  50%  of  the  smaller  stress  of  opposite  sign. 

"All  joints  in  riveted  work,  whether  in  tension  or  compression,  shall 
bfc  fully  spliced,  except  when  differently  noted  on  drawings. 

"Rivets  carrying  calculated  stress,  and  having  a  grip  which  exceeds 
four  diameters,  shall  be  increased  in  number  1%  for  each  additional 
4  in.  of  grip. 

"Wlaere  splice-plates  are  not  in  direct  contact  with  the  parts  which 
they  connect,  the  number  of  rivets  on  each  side  of  the  joint  shall  be 
increased  over  the  number  theoretically  required  to  the  extent  of  one- 
tliird  of  the  nmnber  for  each  intervening  plate. 

"Rivets  carrying  strain  and  passing  through  fillers  shall  be  in- 
creased 100%  in  number,  if  the  thickness  of  the  filler  is  equal  to  the 
diameter  of  the  rivet,  the  increase  in  number  being  proportionately 
more  or  less  as  the  filler  shall  be  more  or  less  thick  than  the  diameter 
of  the  rivet." 

The  further  rule  was  observed  to  connect,  or  splice,  each  individual 
part  of  the  section  of  a  member  as  directly  as  possible,  so  as  to  avoid 
the  transfer  of  stresses  through  other  parts.  Typical  connections  are 
shown  in  Figs.  13,  14,  15,  and  16. 

The  connections  at  each  panel  point  are  made  witli  two  gusset- 
j)lates,  1  in.  thick  in  the  middle  panels  and  If  in,  in  the  panels  nearer 
the  ends.     The  largest  of  these  are  120  by  If  in.  by  17  ft.  6  in.  and 
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12G  by  Ig  in.  by  14  ft.  6  in.,  and  mark  the  limits  of  present  rolling 
mill  capacities. 

The  general  sclieme  in  detailing  the  connections  of  the  web  mem- 
bers to  the  gussets  was  as  follows:  The  web-plate  of  the  member  is  in 
the  same  plane  and  has  the  same  thickness  as  the  gusset-plate.  It  is 
cut  oil"  at  the  edge  of  the  gusset  and  spliced  to  the  latter  by  a  splice- 
plate  on  each  side.  The  flange  angles,  however,  extend  as  far  as  pos- 
sible over  the  gusset,  their  outstanding  flanges  being  connected  by  lug- 
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angles.  This  type  of  connection  is  efficient  and  economical,  as  most 
of  the  rivets  are  in  double  shear,  and  the  size  of  the  gusset  is  reduced 
to  a  minimum.  On  account  of  the  re-entrant  joints,  this  connection 
caused  some  inconvenience  in  erection,  but  no  serious  difficulties  were 
encountered.  The  splice-plates  were  shop-riveted  to  the  member,  but, 
to  allow  them  to  spring  slightly  in  entering  the  member,  the  two  rows 
of  rivets  nearest  the  edge  of  the  gusset-plate  were  left  for  field  driving. 
The  top  and  bottom  chords  have  a  butt  joint  at  every  panel  point 
on  the  intersection  of  the  axes  of  the  truss  members.     The  connection 
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to  the  f?usset  is  similar  to  the  one  described  for  the  web  raombors, 
except  that  the  web  is  placed  alongside  of  the  gusset,  and  as  all  sur-h 
parts  of  the  section  which  are  not  in  the  plane  of  the  gusset,  extend 
to  the  joint.  Splice-plates  are  placed  on  each  side  of  the  web  and  on 
both  sides  of  the  tlange  material.  Thus,  again,  most  rivets  are  in 
double  shear,  and  the  gusset  is  utilized  as  a  splice-plate. 

The  top  chords  have  full  bearing  at  the  joint  and,  in  addition,  are 
fully  spliced  as  regards  area,  section  modulus,  and  value  of  the  con- 
necting rivets.  This  was  necessitated  at  a  few  joints  on  account  of 
tension  stresses.  However,  it  also  conforms  to  the  best  modem  practice 
of  splicing  compression  members  fully,  and  not  relying  on  their  bearing 
at  the  joint.  A  splice  is  not  only  subject  to  the  direct  compression 
stresses,  but  also  to  bending  stresses,  due  to  the  function  of  the  chord 
as  a  continuous  column  and  to  the  sec- 
ondary bending  moments  caused  by  the 
rigidity  of  the  connections.  Moreover,  ex- 
perience has  shown  that,  xmless  the  chords 
are  very  carefully  assembled  at  the  shop, 
no  reliance  can  be  placed  on  getting  i)er- 
fect  bearing  at  the  joints. 

Joints  in  Bottom  Chords. — An  un- 
usual type  of  joint  was  adopted  for  the 
bottom  chord.  The  end  of  one  of  the  chord 
members  meeting  at  a  joint  was  faced 
to  a  perfect  plane,  and  that  of  the  other  member  was  faced  to  three 
planes,  as  shown  exaggerated  in  Fig.  17,  so  that,  when  adjoining 
chord  members  were  assembled,  the  joint  was  tight  only  over  the 
middle  third  of  the  depth  of  the  chord,  and  each  outer  third  formed 
a  wedge-shaped  opening  ^  in.  wide.  These  openings  gradually  closed 
iluring  erection  as  the  stress  increased  and  as  the  assembling  bolts  and 
drift-pins  were  gradually  replaced  by  rivets. 

The  purpose  of  this  joint  was  to  concentrate  the  bearing  pressure 
over  the  middle  part  of  the  joint,  and  thus  avoid  dangerous  edge 
pressures.  Experience  with  other  large  bridges  fully  justified  this 
precaution,  especially  on  account  of  the  unusual  width  of  these  chords. 
The  fact,  however,  that  the  chords  were  planed  with  an  accurate, 
specially  built,  planing  machine,  and  were  assembled  carefully  at  the 
shop,  accounts  for  the  accuracy  with  which  they  fitted  together  in  the 
field. 


JOINT  OF  BOTTOM  CHORD 
Fig.   17. 
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The  outer  thirds  of  the  joints  are  spliced  100%;  the  middle  third 
is  spliced  only  about  50  per  cent.  The  aggregate  area  of  the  splicing 
material  of  the  whole  joint  is  between  70  and  80%  of  the  effective 
area  of  the  chord,  but  its  section  modulus  is  nearly  equal  to  that  of 
the  main  section.  Counting  in  the  bearing  area  of  the  middle  third 
of  the  main  section,  the  total  resisting  area  at  the  joint  is  from  110 
to  120%  of  the  chord  section. 

Size  of  Rivets. — In  conformity  with  the  great  size  and  thickness 
of  the  individual  parts  making  up  the  members,  and  to  reduce  the 
size  of  the  gusset-plates  and  splice  material  to  a  minimum,  it  was 
necessary  to  use  rivets  of  the  largest  practicable  size.  Accordingly, 
li-in.  rivets  were  chosen  for  the  bottom  chords  throughout,  and  for 
the  field  connections  of  all  other  truss  members.  These  rivets  have 
grips  up  to  9§  in.  All  other  rivets  in  the  top  chords,  web  members, 
floor-beams,  track  stringers,  and  in  the  heavier  laterals  are  1  in.  in 
diameter.     The  rest  are  |  in.  and  less. 

Lateral  and  Sway  Bracing  Between  Trusses. — Each  panel  of  the 
top  and  bottom  lateral  truss  has  two  intersecting  rigid  diagonals, 
designed  to  resist  both  tension  and  compression  (Plate  XXI).  There 
are  no  transverse  struts,  except  at  the  panel  points  near  each  end, 
where  they  form  the  top  and  bottom  struts  of  the  sway-frames  or 
portals.  This  lateral  system  is  more  rigid  and  economical  than  one 
with  struts  and  slender  diagonals  designed  to  resist  tension  only. 
All  sway-frames  have  single  intersection  diagonals.  All  laterals  and 
members  of  the  sway-frames  have  a  box  section,  with  two  or  three 
solid  webs,  or,  in  the  case  of  the  bottom  laterals  in  the  three  end 
panels,  one  solid  middle  diaphragm.  All  open  sides  have  stiff  angle 
latticing. 

All  solid  web-plates  are  in  planes  parallel  to  the  plane  of  the  lateral 
truss  or  frame  to  which  they  belong,  so  that  the  laterals  can  resist 
effectively  the  secondary  moments  and  shears  due  to  the  distortion  of 
the  lateral  truss.  This  principle  is  well  recognized  in  the  design  of 
main  trusses,  and  is  equally  applicable  to  the  design  of  bracing  in 
large  bridges. 

Laterals  are  commonly  proportioned  to  resist  the  stresses  from  wind 
and  other  lateral  forces.  The  fact  is  generally  overlooked  that  the 
lateral  system  between  compression  chords  bears  to  these  chords  the 
same  relation  as  the  latticing  to  the  different  ribs  making  up  a  com- 
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jiression  meniber.  It  forms  with  tlic  chords  a  column,  which  must  be 
stronj^  enough  to  resist  hitenil  buckling  as  a  whole,  and  it  is  evident 
that  inadequate  laterals  may  impair  considerably  the  strength  of  the 
bridge  as  a  whole. 

A  simple  approximate  rule,  similar  to  that  mentioned  for  the  pro- 
portioning of  the  latticing,  can  be  applied  to  the  lateral  system,  as 
follows: 

If  a  is  the  aggregate  gross  section  of  the  compression  chords  of 
iill  trusses,  in  square  inches  (if  the  chord  section  varies,  an  average 
value  may  be  taken),  the  transverse  shearing  force  for  which  the 
laterals  in  any  panel  and  their  connections  should  be  designed  is, 
approximately,  in  pounds,  S  =  400  a,  330  a,  and  300  a,  if  the  lateral 
sj'stem  connects  two,  three,  or  four  trusses,  respectively. 

It  is  not  necessary  to  combine  this  force  with  the  shear  from  the 
assumed  wind  or  other  lateral  forces,  but  the  laterals  and  their  con- 
nections should  be  strong  enough  to  resist  either.  This  prevents  the 
laterals  from  being  made  too  light  where  the  wind  stress  is  small. 

Arch  Bearings. — The  four  arch  bearings  are  of  cast  steel  (Fig.  13). 
Each  bearing  has  to  transmit  to  the  granite  skewbacks  a  total  reaction 
of  30  262  000  lb.,  or  700  lb.  per  sq.  in  on  a  bearing  area  17  ft.  6  in. 
square.  The  upper  shoe,  which  is  bolted  to  the  end  of  the  bottom 
chord,  consists  of  two  castings,  each  w^eighing  30  tons.  The  lower 
face  of  this  shoe  is  perfectly  jjlane,  and  bears  against  the  convex 
cylindrical  surface  of  the  lower  shoe.  This  type  of  bearing  produces 
a  rocking  motion  with  little  friction  under  the  deformation  of  the 
arch. 

The  radius  of  the  cylindrical  surface  is  ?-  =  1 150  in.  The  maxi- 
mum angular  motion  under  live  load  is  approximately  1°  30'  up  or 
down,   which  produces  an  eccentricity  of  only  2.5   in.     The  pressure 

30  274  000        ^  ,  ^  ,    „ 

per    linear   incli    of    line  of   contact  is  p   =  — =  201  000   lb. 

lib 

Owing  to  tlie   elasticity    of   the  metal,  the    contact   is   actually  over  a 

rectangular  area,  the  width  of  which  is  approximately  h  =  \j^Er  —  9-5  in., 

wherein  E  is  the  modulus  of  elasticity  of  tlie  material. 

The  pressure  per  square  inch  increases  from  zero,  at  the  edge  of 

this  area,  to  a  maximum  of  s  =  0.42        'P  ^  =  34  500  lb.  per  sq.  in., 
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at  the  center  of  the  bearing.  The  average  pressure  is  27  500  lb.  per 
sq.  in.,  which  is  safe. 

The  maximum  tangential  force  is  3  570  000  lb.,  or  12%  of  the  nor- 
mal pressure,  and  is  easily  resisted  by  the  friction.  However,  to  pre- 
vent displacement  of  the  upper  shoe,  four  steel  dowels,  5^  in.  in 
diameter,  are  set  into  the  lower  shoe  and  engage  holes  in  the  upper 
shoe. 

The  lower  shoe  consists  of  eleven  castings,  arranged  in  three  tiers, 
in  which  the  joints  between  the  individual  castings  are  placed  alter- 
nately parallel  and  at  right  angles  to  the  plane  of  the  truss,  so  as  to 
insure  proper  distribution  of  the  pressure.  A  1-in.  steel  plate  is  placed 
between  the  lower  shoe  and  the  masonry.  Sixteen  anchor-bolts,  2J  in. 
in  diameter  and  10  ft.  long,  secure  the  lower  shoe  to  the  masonry. 

The  total  weight  of  one  complete  bearing  is  248  tons.  For  better 
appearance,  the  whole  bearing  is  enclosed  in  a  steel  hood,  which  pro- 
duces the  effect  of  a  massive  pedestal.  !N^o  mortar  or  other  bed  was 
used  between  the  base  plate  and  the  masonry.  The  skewbacks  were 
carefully  dressed  to  a  perfect  plane  on  which  dry  cement  powder  was 
evenly  distributed,  before  the  base  plate  was  placed,  so  as  to  fill  out 
any  unevenness.  The  holes  for  the  anchor-bolts  were  drilled  to  a 
template  after  the  exact  location  of  the  bearings  had  been  fixed. 

The  failure  of  the  suspended  span  of  the  Quebec  Bridge,  during 
its  erection  in  1916,  which  is  ascribed  to  the  breaking  of  one  of  the 
cast-steel  bearings,  has  brought  to  the  foreground  the  question  as  to 
v/hether  cast  steel  is  a  suitable  material  for  bridge  construction. 

Cast  steel  for  bearings  has  the  advantage  that  it  can  be  built  into 
forms  and  thicknesses  for  which  riveted  work  is  impracticable.  Large 
steel  castings,  however,  are  difficult  to  make.  Experience  has  shown 
that  unless  great  care  is  taken  in  casting  the  metal,  internal  defects 
may  develop,  which  are  difficult  to  detect.  Further,  unless  properly 
annealed,  as  soon  as  the  cores  are  removed,  or  after  any  subsequent 
local  heating,  internal  stresses  will  remain  in  the  casting,  and  may  be 
large  enough  to  cause  breakage  under  slight  shock.  This  applies 
particularly  to  complicated  castings,  or  castings  in  which  the  metal 
varies  considerably  in  thickness  and,  therefore,  does  not  cool  uniformly. 

Simplicity  and  uniform  thickness,  therefore,  should  be  the  aim  in 
designing  the  castings.  Provision  should  also  be  made  to  insure  quick 
removal  of  the  cores;  otherwise,  their  resistance  to  the  free  shrinkage 
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of  tlie  metal,  while  it  cools,  may  cause  serious  stresses  in  the  latter 
and  permanent  defects  which  may  not  be  removed  by  the  subsequent 
aiiiicaliiiji'.  Bearings  wliieh  have  to  distribute  a  concentrated  load 
nvcr  a  CLTtain  area  should  have  a  height  of  at  least  one-half  the  width 
of  the  bearing  area  and  be  safely  proportioned  for  the  bending  and 
shearing  stresses.  If  these  precautions  are  taken  in  the  design  and 
manufacture,  and  scrupvdous  inspection  is  exercised,  there  need  not 
be  any  apprehension  concerning  the  use  of  cast  steel  for  bearings. 

Stringers  and  Floor-Beams. — Typical  details  of  the  floor  system 
are  shown  in  Plates  XXII  and  XXIII.  The  railroad  stringers  are 
G  ft.  deep,  and  of  the  ordinary  make-up.  They  are  framed  into  the 
floor-beams.  The  connection  was  designed  to  allow  the  stringers  to 
be  swung  into  place  after  the  floor-beams  were  erected.  The  stringers 
are  connected  in  pairs  by  top  and  bottom  lateral  bracing  and  two 
sway-frames  in  each  panel. 

I'he  floor-beams  are  heavy  box  girders,  with  two  webs,  8|  ft.  deep. 
The  webs  are  joined  by  top  and  bottom  cover-plates,  42  in.  wide,  and 
by  vertical  diaphragms  in  the  lines  of  the  stringers  and  horizontal 
diaphragms  opposite  the  floor-lateral  connections.  On  the  suspended 
portion  of  the  floor  the  floor-beams  are  continuous  between  railing 
girders  and  connected  to  the  floor  suspenders  by  16-in.  pins.  At  the 
four  end  panel  points,  the  floor-beams  are  framed  into  the  truss  ver- 
ticals, and  separate  cantilever  brackets  are  provided  on  the  outside. 
One  of  the  floor-beams  weighs  86  tons. 

Floor-Lateral  Truss  and  Bralcing  Girders. — The  floor-lateral  truss 
is  in  the  plane  of  the  bottom  flanges  of  the  railroad  stringers,  the 
diagonals  being  riveted  to  the  stringers  at  intersection  points  and 
also  to  the  floor-beams.  The  diagonals  take  tension  and  compression. 
Each  diagonal  consists  of  a  horizontal  web-plate  with  two  or  four 
angles  riveted  to  its  lower  side  (Plate  XXIII).  On  accoimt  of  the 
great  unsupported  length  between  the  outer  stringer  and  the  wind 
chord,  the  diagonals  are  stiffened  in  that  portion  by  a  latticed  strut 
V'arallel  with  and  2  ft.  above  the  diagonal,  and  connected  to  the  latter 
by  lattice  angles. 

At  the  expansion  joint  of  the  floor,  the  two  diagonals,  on  the 
sliding  side,  are  connected  to  a  horizontal  gusset-plate  which  slides 
longitudinally,  but  transmits  the  lateral  reaction  to  a  bracket  attached 
to  the  center  of  the  floor-beam   (Plate  XXTTT).     The  chords  of  the 
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floor-lateral  truss  which  form  the  bottom  chords  of  the  railing  girders 
liave  the  shape  of  an  inverted  T,  the  vertical  web-plate  forming  the 
gusset  for  the  web  members  of  the  railing  girder.  To  reduce  the 
unsupported  length  of  this  chord  between  floor-beams,  the  railing 
girder  is  connected  with  the  highway  stringers  by  intermediate 
brackets,   one  opposite  each   stringer   cross-frame    (Plate   XXII). 

The  two  braking  girders  at  the  intersections  of  the  floor  with  the 
trusses  are  horizontal,  single-web  plate  girders,  8  ft.  wide,  and  placed 
immediately  below  the  floor  laterals  (Plate  XXIII).  These  girders 
are  rigidly  framed  into  the  bottom  chords  of  the  arch  trusses  (Fig. 
14)  to  which  they  deliver  their  reactions.  Each  railroad  stringer  is 
connected  to  the  braking  girder  by  a  vertical  diaphragm. 

Steel  Weights. — The  weight  of  the  steel  superstructure  of  the  Hell 
Gate  Bridge  is  made  up  as  follows : 

Stringers     4  010  000  lb. 

Floor-beams    3  870  000  " 

Railing  girders  with  wind  chords 635  000  " 

Floor  laterals  and  braking  girders.  .  .  .  575  000  " 

Total   floor   system 9  090  000  lb. 

Arch    trusses ' 21  640  000  " 

Floor  suspenders 1  380  000  " 

Arch   bracing 3  670  000  " 

Bearings    1  990  000  " 

Total   steel   weight 37  770  000    lb. 

or  an  average  of  37  000  lb.  per  lin.  ft.  of  bridge.  This  does  not  include 
470  tons  of  I-beams  in  the  concrete  floor-slabs. 

7. — Camber  and  Deformation  of  Arch  Trusses. 
For  a  large  bridge  of  unusual  design,  an  investigation  of  the 
elastic  behavior  of  its  trusses  under  load  is  essential  for  a  proper  judg- 
ment of  its  merits.  The  elastic  line  gives  at  once  an  indication  of  the 
comparative  rigidity  of  a  bridge,  and  as  to  whether  and  where  large 
secondary  stresses  may  occur.  Further,  the  calculation  of  the  greatest 
deflection  is  necessary  for  determining  the  proper  camber,  in  order  to 
satisfy  clearance  conditions  under  the  bridge,  and  to  establish  the 
desired  grade  of  the  floor. 
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Camber. — The  arcli  trusses  of  the  Hell  Gate  Bridge  were  cambered 
lor  dead  load  only  by  increasing  or  decreasing  the  "geometric  length" 
of  each  member,  including  the  floor  suspenders,  by  an  amount  equal — 
but  opposite — to  its  change  in  length  from  its  dead-load  stress,  so  that, 
under  full  dead  load,  the  trusses  would  assinne  their  true  "geometric 
form",  for  wliich  the  stresses  are  calculated.  This  is  the  proper  method 
of  cambering  large  bridges.  There  was  no  need  for  cambering  the 
trusses  for  live  load,  as  the  deflections  have  only  a  negligible  influence 
on  the  direct  stresses  in  the  truss  members.  The  only  object  was  to 
prevent  the  top  of  rail  from  sagging  below  a  horizontal  line  under  full 
live  load  and  extreme  low  temperature,  and  this  was  accomplished  by 
establishing  an  initial  vertical  curve  for  the  top  of  rail. 

Deflections. — Plate  XXIV  shows  the  assumed,  initial  vertical  curve, 
and  gives  a  siunmary  of  the  vertical  deflections  for  the  points  along  the 
top  of  rail.  In  the  calculation  for  the  deflections,  the  "gross  area"  of  all 
members  was  assumed,  and  the  influence  of  the  details,  and  of  the 
rigidity  of  the  connections,  was  neglected.  The  modulus  of  elasticity 
was  assumed  to  be  30  000  000  lb.  per  sq.  in.,  and  the  linear  temperature 
expansion  as  0.0000065.  The  effect  of  the  elastic  deformation  of  the 
web  members  on  the  deflections  of  an  arch  of  this  type  is  very  consid- 
erable, especially  for  partial  load,  and  cannot  be  neglected. 

Dead-Load  Deflections. — The  maximum  vertical  deflection  of  the 
floor,  due  to  the  total  dead  load  (average  51000  lb.  per  ft.  of  bridge), 
from  the  theoretical  cambered  iX)sition,  is  8.35  in.  at  Panel  Point  22 
(Wards  Island  side)  and  7.13  in.  at  Panel  Point  22  (Long  Island  side). 
This  difference  for  the  two  sidas,  and  the  kink  at  Panel  Point  22, 
Wards  Island  side,  in  the  cambered  position,  is  due  to  the  fact  that,  in 
its  cambered  position,  the  truss  forms  an  unsymmetrical,  three-hinged 
arch,  and  was  erected  as  such,  the  hinge  being  at  Panel  Point  22, 
Wards  Island  side,  whereas,  in  the  final  position,  the  arch  was  to 
assume  its  true  geometric  form,  which  is  symmetrical  about  the  center. 

Live-Load  Deflections. — Plate  XXIV  (6)  shows  the  elastic  lines  of 
the  floor  for  a  live  load  of  12  000  lb.  per  ft.  of  truss  covering  one  half 
span  and  the  whole  span,  respectively,  and  also  the  lines  connecting 
the  extreme  positions  of  the  panel  points  under  most  unfavorable 
positions  of  the  load.  The  greatest  downward  deflection  is  5.19  in.,  or 
.jijj^  of  the  span  length,  and  occurs  at  about  the  quarter  point  of  the 
span  under  a  load  covering  about  one-half  of  the  span.     The  quarter 
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point  on  the  other  half  of  the  span  rises  3.46  in.  under  the  same  loading 
condition.  The  greatest  deflection  at  the  center  is  3.82  in.,  or  ^-^xjtt 
of  the  span  length,  and  occurs  under  a  load  covering  approximately 
the  middle  half  of  the  span.  The  maximum  live-load  deflection  at  the 
center  of  a  cantilever  bridge  of  the  same  span  and  loading  would  be 
about  8  in.,  and  that  of  a  simple  span  about  5  in. 

The  elastic  lines  are  smooth  curves,  or  rather  polygons,  free  from 
local  kinks,  such  as  occur  at  the  hinges  of  cantilevers  or  three-hinged 
arches.  They  are  also  free  from  sharp  corners,  such  as  are  produced 
over  the  intermediate  supports  of  cantilevers,  or  at  every  panel  point 
of  trusses  with  subdivided  panels.  From  this  it  may  be  concluded  that 
the  secondary  stresses  in  the  arch  trusses  are  comparatively  small, 
which  fact  is  substantiated  by  the  calculations  of  these  stresses,  as 
given  in  Appendix  B. 

Temperature  Deflections. — A  change  in  temperature  from  the  nor- 
mal (60°  Fahr.)  produces  an  elastic  line  of  approximately  parabolic 
shape  with  greatest  ordinate  at  the  center  of  the  span  (Plate  XXIV 
(c)).  The  latter  rises  or  falls,  respectively,  by  0.T4  in.  for  each  degree 
of  rise  or  fall  in  temperature,  the  total  deflection  for  a  change  of  72° 
Fahr.  being  ±  5.3  in.,  or  ^-^-^^  of  the  span  length.  This  additional 
deflection  from  temperature  change  is  not  objectionable,  as  it  has  no 
bearing  on  the  rigidity  of  the  bridge.  The  temperature  deformation  is 
the  residt  of  the  change  in  length  of  each  member,  first,  due  to  uncon- 
strained expansion  or  contraction,  and,  second,  due  to  the  elongation 
or  compression  from  temperature  stress.  The  former  effect  raises  or 
lowers  each  point  in  proportion  to  its  height  above  the  bearings. 

8. — Material. 
Quality  of  Steel. — All  material  in  the  steel  superstructure  of  the 
Hell  Gate  Bridge  and  Approaches  is  rolled,  forged,  or  cast  steel,  made 
by  the  open-hearth  process. 

The  following  four  grades  of  steel  were  used : 
a. — Hard  steel  for  all  rolled  parts  and  pins  of  the  Hell  Gate  Arch 

Bridge ; 
h. — Structural  steel  for  all  rolled  parts  and  pins  of  the  Hell  Gate 

Arch  Bridge; 
c. — Kivet  steel  for  all  rivets; 
d. — Cast  steel  for  all  castings  for  bearings,  etc. 


PLATE   XXIV. 
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Those  different  grades  had  to  conform  to  the  chemical  and  physical 
roquirenients  given  in  Table  1. 

TAlil.K  1. — Chemical  and  Physical  Requirements  for  Steel. 


basic. 


Phosphorus,  max.  ]  ^^fj 
Sulphur,  max 


Ultimate  tensile  strength,  ^  max 

in    pounds  per    square^  desireil. 
inch I  min 


Yield  point,  min 

^,„ „,.:„„   „,:„   )  in  2  in.  for  east  steel. . 

Elongation,  mm.  j  ^^  ^  ^^  ^^^  ^^^^^  g^^^, 

Character  of  fracture 


Cold  bend  without  fracture 


Hard 
steel. 


0.04 
0.06 


0.05 


76  000 
71  000 
66  000 


Silky. 


Structural 
steel. 


0.04 
0.06 


0.05 


70  000 
66  000 
62  000 

35  000 


22% 

Silky. 

180°  around 
pin  of  thick- 
ness of 
test  piece. 


Rivet 
steel. 


0.04 
0.04 

0.04 

.58  000 

50  000 

28  000 


289^0 

i    Fine, 
I    silky. 


180° 
flat. 


Cast 
steel. 


0.05 
0.08 


0.05 


65  000 
33  000 

20% 

Silky  or  fine 
granular. 

00°  around 
pin  ot  thick- 
ness of  test 
piece. 


*  Minimum  elongation  for  "hard  steel"  :  1  400  000  divided  by  ultimate  strength 
tor  thicknesses  up  to  and  including  %  in.  ;  1%  less  for  each  additional  %  in.  in  thick- 
ness, with  a  limit  of  16%  for  thicknesses  up  to  and  including  2  in.  and  15%  for  thick- 
nesses greater  than  2  in. 

Cold-bend  test  for  "hard  steel"  :  180°  around  a  pin  of  double  the  thickness  of  the 
test  piece  for  material  up  to  and  including  %  in.,  180°  around  a  pin  three  times  that 
thickness  for  material  of  greater  thickness  than  %   in. 

The  chemical  analysis  was  made  from  test  ingots  during  the  casting 
of  the  melt,  and  included  the  determination  of  carbon,  manganese,  and 
silicon,  in  addition  to  phosphorus  and  sulphur.  The  carbon  ranged 
between  0.27  and  0.34%  in  the  hard  steel  and  between  0.23  and  0.28% 
in  the  structural  steel,  and  manganese  from  0.52  to  0.64  and  0.36  to 
0.61%,  respectively.  Special  stress  was  laid  on  sufficient  discard  being 
made  from  the  ingot  to  insure  sound  material  free  from  piping  and 
excessive  segregation. 

The  physical  tests  were  made  on  standard  test  specimens  cut  from 
the  rolled,  forged,  or  cast  piece,  in  the  latter  two  cases  after  annealing. 
The  specifications  required  that  at  least  two  tensile  and  two  bending 
tests  be  made  from  each  heat  of  25  tons  or  less,  at  least  three  tests  from 
each  heat  up  to  40  tons,  and  four  tests  for  heats  exceeding  40  tons.  If 
the  material  rolled  from  the  same  heat  varied  in  thickness  |  in.,  or 
more,  the  foregoing  number  of  tests  were  to  be  made  from  the  thickest 
as  well  as  from  the  thinnest  pieces.    In  all  about  7  000  tests,  covering 
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accepted  heats  only,  were  made,  or  an  average  of  eight  tests  per  100 
tons. 

Full-Sized  Eye-Bar  Tests. — About  1  900  tons  of  structural  steel  eye- 
bars,  IG  in.  wide  and  from  1|  to  21  in.  thick,  with  forged  heads  37J  in.  in 
diameter,  and  16-in.  pin-holes  were  used  in  the  Little  Hell  Gate  Bridge. 
Twenty-one  full-sized  bars  were  tested,  after  annealing,  and  had  to  show 
the  following  results :  Ultimate  strength :  56  000  to  68  000  lb.  per  sq. 
in. ;  elastic  limit :  minimum,  o3  000,  and  maximum,  38  000  lb.  per  sq.  in. ; 
minimum  elongation  in  10  ft. :  12  per  cent. 

Table  2  gives  a  summary  of  the  full-sized  tests,  together  with  the 
corresponding  ynannealed  specimen  tests. 

TABLE  2. — Results  of  Twenty-One  Full-Sized  Eye-Bar  Tests. 


Annealed  Full-Sized 
Bars. 


Min. 


Ultimate  strength,  in  pounds 

per  square  ioch !  .W  500 

Elastic  limit,  in  pounds  per 

square  inch 

Elongation :    percentage 

10  in 

Elongation :    percentage 

12  in 

Reduction:  percentage... 


32  900 
17.8 


31.6 
29.1 


61  800 
34  600 

22.8 

39.3 
36.0 


Max. 


64  7u0 

36  200 

29.8 

49.8 
43.2 


Unannealed  Specimen. 


Min. 


64  300 
35  700 


in  8  in.,  21.2 
30.0 


Aver- 
age. 


C7  8(X) 
38  800 


26.4 
36.9 


Max. 


72  600 
41  000 


30.0 
43.0 


y  S  =  0- 
^>  '^  S 

j^  a  »  g 


6  000 
4  200 


All  specimens  broke  in  the  body  of  the  bar. 

Selection  of  High-Carhon  Steel  for  Arch  Bridge. — A  high-grade 
carbon  steel  was  adopted  for  the  Hell  Gate  Bridge,  principally  because 
it  permitted  higher  unit  stresses,  which  resulted  in  a  considerable 
saving  in  steel.  The  consequent  saving  in  cost  was  offset  only  to  a 
small  extent  by  the  slightly  greater  unit  price  of  hard  steel  over  ordi- 
nary structural  steel.  This  slightly  greater  price  is  not  due  so  much  to 
greater  cost  of  manufacture  at  the  mill  and  shop  as  to  the  fact  that, 
for  any  special  steel,  the  quantity  to  be  scrapped  on  account  of  not  ful- 
filling the  requirements,  is  greater  than  for  ordinary  material.  The 
contractor  was  given  the  option  of  furnishing,  at  the  same  price,  either 
hard  or  structural  steel  for  the  floor  system  and  suspenders,  which 
l)arts  have  been  designed  with  the  unit  stresses  allowed  for  structural 
steel.  He  preferred,  however,  to  use  the  same  material,  'that  is,  hard 
steel,  for  the  whole  bridge.     Further,  with  ordinary  steel,  the  sections 
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of  truss  members,  gusset-plates,  splices,  and  size  of  rivets  would  have 
become  much  larger  and,  in  some  cases,  excessive.  Even  with  the  hard 
steel  as  used  the  diniensious  of  some  of  these  details  are  up  to  the 
l)ractie'ablo  limits. 

The  hard  steel  showed  an  clousatiou  of  generally  more  than  20% — 
in  till'  average  about  25% — and  an  average  reduction  of  45%,  and  no 
ilitlioulties  were  experienced  in  complying  with  the  bending  test.  This 
proves  that  the  material  is  tough  and  ductile.  It  required  specially 
hard  tools  for  drilling  and  reaming,  and  these  operations  were  some- 
what slower  than  with  ordinary  carbon  steel,  but  otherwise  no  serious 
difficulties  were  experienced  in  the  fabrication. 

Adaptahilitt/  of  Alloy  Steel. — The  use  of  nickel  steel  for  the  arch 
trusses  was  also  taken  into  consideration,  but  it  was  found  that,  with 
permissible  unit  stresses  50%  higher  than  for  structural  steel,  there 
would  have  been  no  saving  in  cost.  The  unit  price  for  nickel  steel 
obtaining  at  that  time  was  about  $40  per  ton  higher  than  for  carbon 
steel.  Moreover,  unless  nickel  steel,  or  any  other  alloy  steel,  would 
have  resulted  in  an  appreciable  saving,  or  other  important  advantages, 
carbon  steel  would  still  have  been  given  the  preference.  Carbon-steel 
trusses,  on  account  of  their  greater  weight  or  inertia  and  smaller  elastic 
deformations,  are  less  subject  to  vibrations  from  live  load,  and,  conse- 
({uently,  insure  greater  stiffness  and  permanency.  Moreover,  as  the 
proportion  of  their  dead  weight  to  live  load  is  greater,  they  will  sus- 
tain safely  a  comparatively  greater  future  increase  in  live  load  than 

alloy  steel. 

9. — Loads  and  Unit  Stresses. 

The  safety  and  useful  life  of  a  bridge  depend  essentially  on  the 
proper  assumption  and  co-ordination  of  the  various  loads  and  per- 
missible unit  stresses.  In  the  design  of  bridges  of  ordinary  span 
and  capacity,  the  assumption  of  loads  and  unit  stresses  is  a  matter 
of  well-established  routine,  whereas,  for  a  large  bridge,  for  which 
there  are  few  or  no  precedents,  it  is  a  complex  problem,  which  must 
be  solved  largely  by  judgment.  The  more  accurate  and  complete  the 
load  assumptions,  the  higher  can  be  the  permissible  unit  stresses. 
It  is  safer  and  more  in  conformity  with  true  economy  to  make  sure 
that  under  the  most  unfavorable,  but  possible,  conditions  and  com- 
l)inations  of  loading  the  elastic  limit  of  the  material  or  a  comparatively 
high  proportion  thereof  will  not  be  exceeded,  than  to  trust  to  ordinary 
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loading  conditions  and  low  unit  stresses  and  allow  a  large,  but 
uncertain,  margin  of  safety.  This  principle  has  been  followed  in  the 
design  of  the  Hell  Gate  Bridge.  All  possible  forces  have  been  taken 
into  consideration,  namely,  dead  load,  live  load,  vertical  impact,  lateral 
force  or  impact,  longitudinal  force  from  traction  and  braking  of  trains, 
wind  pressure,  and  forces  due  to  change  in  temperature,  and  compara- 
tively high  unit  stresses  (from  five-eighths  to  three-fourths  of  the 
minimum  elastic  limit)  have  been  allowed  for  the  combination  of 
these  forces. 

Dead  Load. — Before  determining  on  the  final  sections  of  the  truss 
members,  the  dead  load  was  carefully  calculated  and  checked.  From 
the  preliminary  designs  and  detailed  drawings  the  panel  concentrations 
were  ascertained  very  closely.  After  the  work  had  been  let  a  recal- 
culation was  made  from  drawings  worked  out  by  the  contractor 
sufficiently  in  detail  to  allow  the  ordering  of  material  therefrom. 

The  dead  load,  in  pounds  per  linear  foot  of  bridge,  is  made  up  as 
follows : 

Tracks    and   ballast 4  900  lb. 

Steel  concrete  and  timber  flooring 8  100     " 

Conduits,   cables,   wires,   etc 1 000     " 

Total  tracks  and  flooring,  etc 14  000   lb. 

Steelwork,    average 37  000     " 


Total  average  dead  load  per  foot  of  bridge.  ...   51  000  lb. 

The  dead  load  assumed  for  the  final  calculation  is  51  900  lb.  average, 
and  varies  from  45  000  lb.  at  the  center  to  62  000  lb.  at  the  ends. 
The  excess  over  the  actual  dead  load  is  due  to  the  excess  of  the  assumed 
over  the  actual  weight  of  the  conduits.  For  the  weight  of  steelwork 
(exclusive  of  steel  in  floor  slabs),  the  stresses  have  been  calculated  by 
assuming  the  arch  trusses  to  be  three-hinged,  under  which  condition 
they  were  erected  (middle  hinge  at  bottom  chord,  Point  22,  Wards 
Island  side,  Plate  XX).  The  stresses  for  the  remainder  of  the  dead 
load,  as  well  as  for  all  other  forces,  have  been  calculated  for  the  final 
two-hinged  condition. 

Live  Load. — The  arch  bridge  and  approaches  are  designed  for  the 
following  live  load: 
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1. — All  bridges  and  viaducts  of  the  approaches,  and  the  floor  sys- 
tem and  floor  suspenders  of  the  arch  bridpre,  for  Cooper's  E-GO  on 
each  of  the  four  tracks,  or  an  alternative  three-axle  load  of  70  000  lb. 
on  each  axle  wherever  this  causes  greater  stresses  (Fig.  18). 

•2. — The  arch  trusses  for  a  uniform  load  of  6  000  lb.  per  ft.  of 
track,  or  24  000  lb.  per  ft.  of  bridge,  placed  in  the  most  unfavorable 
position  in  either  a  single  stretch  or  in  two  separated  stretches,  when 
the  latter  condition  gives  a  greater  stress. 

The  assumption  of  a  uniform  train  load  for  the  arch  trusses,  instead 
of  the  engine  concentrations,  was  justified  in  view  of  the  highly  im- 
probable, and  almost  impracticable,  condition  of  maximum  engine  and 
car  loads,  in  the  most  unfavorable  position  simultaneously  on  all 
four  tracks.     This  hypothetical  condition  would  have  required  addi- 
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DIAGRAM  OF- ASSUMED  LIVE  LOAD 
Fig.  is. 

tions  up  to  about  5%  to  the  sections  of  some  of  the  truss  members. 
An  E-75  loading  on  each  track  in  the  most  mifavorable  position,  but 
without  impact,  would  have  increased  the  sections  of  a  few  of  the 
heaviest  bottom  chord  members  by  not  more  than  3J%,  the  sections 
of  all  the  other  members  being  ample.  Such  a  heavy  load,  if  at  all 
possible,  with  present  limits  of  gauge  and  clearance,  represents  prob- 
ably the  heaviest  future  freight  trains,  and  as  these  will  move  com- 
paratively slowly,  the  impact  effect  of  which  on  the  truss  members  will 
be  negligible,  it  is  considered,  therefore,  that  the  bridge  will  carry 
safely  any  possible  future  moving  load. 

Impact. — The  impact  stresses,  or  vertical  dynamic  effects  of  the 
locomotives  and  cars,  have  been  determined  according  to  Lindenthal's 
formula,  as  published  and  fully  explained  in  an  article*  by  its  author. 

*  Engineering  News,  August  1st,  1912. 
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Since  the  appearance  of  that  article,  the  formula  has  been  modified 
slightly  so  as  to  be  applicable  automatically  to  bridges  having  two  or 
more  tracks. 

The  formula  in  its  final  form,  applied  to  E-60  loading,  is : 

1200  +  - 

I^^^X " 

£>  +  L         600  +  4a 

wherein,   D  =  stress  from  dead  load,  in  pounds, 

L  =  stress  from  live  load,  in  pounds. 

a  =  length  of  train  behind  locomotive  tender  for  position  of 

maximum  stress,  in  feet, 

n  =  number  of  tracks  loaded  for  maximum  stress. 

The  modification  of  the  formula  consists  of  the  introduction  of  the 
value,  n,  and  is  based  on  the  assumption  of  full  impact  from  the 
locomotives  on  all  tracks,  but  impact  from  the  cars  on  one  track  only. 
The  principal  object  sought  in  deriving  this  formula  was  that  it  should 
be  applicable  equally  to  all  kinds  of  bridges,  of  the  shortest  as  well 
as  the  longest  spans,  to  bridges  with  open  or  solid  ballasted  floors,  and 
to  steel  or  concrete  bridges;  whereas  most  of  the  existing  formulas 
have  only  limited  usefulness,  particularly  the  widely  adopted  formula 
of  the  American  Railway  Engineering  Association.  The  latter  formula 
gives  excessive  results  for  long  spans  and  heavy  ballasted  bridges, 
and  insufficient  values  for  very  short  stringers,  rails,  ties,  etc.,  on 
which  the  dynamic  efi'ect  of  the  driving  wheels  is  unquestionably 
more  than  100  per  cent.  Lindenthal's  formula,  in  combination  with 
the  comparatively  high  permissible  unit  stresses,  secures  economical 
and  well-proportioned  structures.  Seemingly,  it  is  complicated,  but, 
by  tabulation  or  graphical  diagram,  its  application  is  very  simple. 

Lateral  Force  from  Live  Load.— The  lateral  force  or  lateral  impact, 
due  to  the  swaying  motion  of  fast-moving  trains  on  tangents,  or  the 
centrifugal  force  on  curves  up  to  2°,  has  been  assumed  at  600  lb.  per 
lin.  ft.  of  single  track.  For  curves  sharper  than  2°,  300  lb.  were 
added  for  each  additional  degree  up  to  6  degrees.  These  forces  were 
increased  by  50%  for  each  additional  track.  This  gave,  for  a  four- 
track  bridge  on  tangent,  a  total  lateral  force  of  1  500  lb.  per  ft. 

The  lateral  force  occurs  simultaneously  with  the  live  load,  and  may 
act  at  the  same  time  as  the  wind  pressure,  and  it  is  proper,  therefore, 
to  provide  for  it  in  the  proportioning  of  the  laterals  as  w^ell  as  the 
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main  truss  members.  The  foregoing  value  of  the  Literal  force,  for 
a  four-track  structure,  is  probably  higher  than  any  which  may  ever 
actually  occur,  but  it  tends  to  secure  a  strong  and  rigid  lateral  system 
along  the  floor.  As  far  as  the  writer  knows,  this  is  the  first  attempt 
to  make  adequate  provision  for  the  lateral  force  from  trains  on 
tangents,  and  to  separate  it  clearly  from  the  wind  pressure.  The 
American  Kaihvay  Engineering  Association  Specifications  of  1914, 
in  this  case,  would  call  for  a  total  combined  lateral  and  wind  force 
of  only  800  lb.  per  lin.  ft.  of  floor. 

Wind  Pressure. — Wind  pressure  was  assumed  as  a  moving  load 
of  500  lb.  per  lin.  ft.  of  bridge  at  track  level,  irrespective  of  the 
umnber  of  tracks,  plus  a  static  load  of  30  lb.  per  sq.  ft.  on  all  such 
vertical  surfaces  of  the  unloaded  bridge  as  are  exposed  at  an  angle 
of  between  20°  above  and  20°  below  the  horizontal,  or  at  an  angle  of 
45°  from  the  axis  of  the  bridge.  This  resulted,  for  the  Hell  Gate 
Arch,  in  an  average  wind  pressure  of  600  lb.  per  lin.  ft.  of  horizontal 
projection  of  top  chord,  1  000  lb.  per  lin.  ft.  of  horizontal  projection 
of  bottom  chord,  and  1  500  lb.  per  lin.  ft.  of  floor  (inclusive  of  the 
500  lb.  moving  wind  pressure),  or  a  total  of  3  100  lb.  per  lin.  ft.  of 
bridge.  Adding  to  this  the  lat^al  force  of  1  500  lb.,  it  is  seen  that, 
with  a  total  force  of  4  600  lb.  per  ft.  of  bridge,  ample  lateral  strength, 
rigidity,  and  stability  are  secured. 

Longitudinal  Force  from  Traction  and  Brahing. — The  longitudinal 
force,  acting  along  the  rail,  from  traction  and  braking  has  been 
assumed  either  at  15  000  lb.  for  each  of  the  eight  driving  axles  of  the 
two  locomotives  (25%  of  the  load  on  each  driving  axle),  or  at  1  000 
lb.  per  lin.  ft.  of  train  (approximately  15%  of  the  average  weight 
of  the  train),  whichever  gave  the  greater  results.  For  the  four-track 
bridges  this  force  was  assumed  as  acting  on  two  tracks  only,  in  view 
of  the  practical  impossibility  of  its  acting  simultaneously  on  all  four 
tracks  in  the  same  direction. 

Recent  tests  with  improved  air-brake  equipment,  yielding  a  con- 
siderably increased  brake  power,  have  led  to  suggestions  that  structures 
be  designed  for  a  higher  braking  force  than  has  been  the  practice 
heretofore.  The  eifect  of  the  more  powerful  brakes,  that  is,  the  greater 
force  exerted  by  the  brakes  to  the  wheels,  is  to  reduce  the  time  in 
which  a  stop  can  be  made  without  causing  dangerous  slipping  of  the 
wheels  on  the  rails;  in  other  words,  the  braking  force  between  wheel 
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and  rail  attains  its  maximum  value  in  a  shorter  time.  Its  amount, 
which  depends  solely  on  the  friction  between  rail  and  wheel,  is  not 
increased.  For  reasons  of  safety,  the  action  of  the  brakes  will  never 
be  so  sudden  that  the  braking  force  at  the  rail  acts  with  impact,  that 
is,  the  braking  force  can  always  be  regarded  as  a  static  force  which 
increases  gradually  to  its  maximum  value. 

The  friction  between  wheels  and  rails  has  been  determined  variously 
at  from  15  to  30%  of  the  total  vertical  load  on  the  wheels  to  which 
brakes  are  applied,  the  percentage  depending  on  the  smoothness  of  the 
rail  surface  under  varying  climatic  conditions.  As  the  greatest  possible 
braking  force  of  the  two  heaviest  trains  will  rarely,  if  ever,  be  applied 
to  the  bridge,  the  assumed  longitudinal  force  appears  to  be  ample, 
no  matter  how  efficient  the  brake  equipment  may  be  made  in  the 
future. 

Temperature  Stresses. — The  stresses  from  temperature  have  been 
determined  for  a  variation  of  db  72°  Fahr.  from  the  normal  temperature 
of  60°  Fahr.  The  temperature  stresses  are  greatest  in  the  center 
panels  of  the  top  chord  of  the  arch  trusses,  where  they  attain  values 
of  4  000  lb.  per  sq.  in.,  or  about  40%  of  the  live-load  stresses. 

Total  Stresses. — All  members  were  proportioned  for  the  following 
combination  of  stresses : 

1. — For  members  which  carry  dead  and  live  load,  the  "total  stress" 
was  obtained  by  adding  the  stresses  from  dead  load  (D),  live  load 
(L),  impact  (I),  lateral  force  (Lat.),  and  the  so-called  "excess  stress" 
(Exc).  This  excess  stress  is  the  sum  of  the  stresses  from  wind  pres- 
sure (W),  braking  force  (5),  and  temperature  (T),  less  20%  of  the 
sum  (D  -\-  L  -\-  I  -\-  Lat.).  This  is  equivalent  to  allowing  up  to  25% 
higher  unit  stresses  for  the  sum  (D  +  L -\-  I  -\-  Lat.  +  W  +  B  +  T) 
than  for  the  previously  mentioned  "total  stress",  the  percentage  de- 
creasing with  increasing  value  oi  (W  -\-  B  -{-  T). 

2. — For  members  which  carry  no  dead  and  live  load,  the  "total 
stress"  was  made  equal  to  (W  -\-  B  +  T  +  Lat.).  The  "total  stress," 
divided  by  the  permissible  unit  stress,  gave  the  minimum  required 
area. 

Permissible  Unit  Stresses. — The  permissible  unit  stresses  assumed 
are  given  in  Table  3. 

The  stresses  in  Table  3  are  higher  than  those  allowed  by  most 
specifications,    notably   those   of   the   American   Railway   Engineering 
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TAHLK  ;{. — Pekjiissiule  Unit  Stresses  Assumed. 


Fnr  Triiqqpq  ftiiil         For  Approach  Spans 
Brl^n^of  HelKiate    and  Floor  System  and 
BraLinKor^HeiH.ate      suspemlers  of  Hell 
Gat«  BridRe. 
(Structural  steel). 
In  pounds  per  square 
inch. 


Bridge. 
(Hard  steel). 
In  pounds  per 
square  inch. 


Axial  tension,  net  section 

24  000 

20  000 

Bending  on  extreme  fiber  of  beams. 

girders. 

and  steel  castings,  net  section 

20  000 

Axial  compression,  net  section  : 

'    =^    20 

24  000 

20  000 

(a)  Closed  section,  or    section 

r 

with  two  diaphragms,  or  . 
one  diaphragm  and   two 

40 

23  000 

19  000 

60 

22  000 

17  000 

planes  of  latticing | 

80 
100 

20  000 
18  000 

15  000 
14  000 

120 

15  000 

12  000 

1=    20 

23  000 

20  000 

(b)  Half-open  section,  with  one  1 

r 

cover  and  one  latticing,  ! 

40 

22  000 

18  000 

or  with    one  diaphragm   i 

60 

20  000 

16  000 

without  latticing 1 

80 

18  000 

14  000 

100 

10  000 

13  000 

120 

14  000 

11  000 

1=    20 

22  000 

19  000 

(c)  Open  section,  with  two  or  j 

40 

20  000 

17  000 

more  planes  of  latticing  .  i 

60 

18  000 

15  000 

80 

16  000 

13  000 

1 

100 

14  000 

12  UOO 

I 

120 

12  000 

10  000 

Shearing  stress  : 

On  plate  girder.i?,  net  section 

15  000 
12  000 

15  000 

Field  rivets  and  turned  bolts 

Bearing  stress  : 

Pins 

24  000 

30  000 

20  000 

Shop  rivets 

Field  rivets  and  turned  bolts 

24  000 

Pressure  on  : 

Expansion  rollers  per  linear  inch. 

Diameter  of  rollei 

,  in  inches,  X  1  000 

8U0 
600 

800 

Concrete  masonry 

800 

Association.  In  combination  with  Lindenthal's  impact  formula,  how- 
ever, they  result  in  heavier  bridges  for  spans  up  to  about  250  ft. 
and  lighter  ones  for  longer  spans.  The  assumption  of  the  permissible 
compression  stress  per  unit  of  net  area,  that  is,  with  rivet  holes 
deducted,  is  unusual.  Most  specifications  base  the  compression  stress 
on  the  gross  section,  the  assumption  being  generally  made  that  the 
rivet  shanks  replace  the  compression  value  of  the  metal  cut  out 
for   the  holes.      This   assumption    is   proper,   provided   the   rivet  fills 
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the  hole  perfectly,  and  its  metal  has  the  same  elastic  properties 
as  that  of  the  member.  To  a  certain  extent,  also,  the  friction  of 
the  rivet  heads  on  the  member  makes  up  for  loss  in  compression 
strength  due  to  the  holes. 

These  conditions,  however,  are  not  always  fulfilled,  and,  moreover, 
compression  members  are  subject  to  shearing  stresses  and,  near  the 
point  of  failure,  possibly  even  to  tension  stresses,  both  of  which 
cannot  be  resisted  by  the  rivets,  or  only  to  a  limited  extent.  It 
is  evident,  therefore,  that  rivet  holes,  even  after  riveting,  decrease 
the  strength  of  a  compression  member.  This  decrease  may  not  be 
appreciable  in  ordinary  compression  members  in  which  the  rivets 
have  short  grips,  generally  fill  the  holes  well,  and  develop  a  com- 
paratively high  friction  under  their  head.  It  is  to  be  assumed,  how- 
ever, that  in  heavier  members  the  decrease  in  strength,  due  to  the 
holes,  is  greater  on  account  of  the  longer  grip  of  the  rivets  and  the 
probability  of  less   perfect  rivets. 

The  extent  to  which  compression  members  are  weakened  by  the 
holes  can  only  be  determined  by  a  systematic  series  of  comparative 
tests,  embracing  both  light  and  heavy  sections.  In  the  absence  of 
sufficient  experimental  data,  it  is  advisable  to  remain  on  the  safe  side. 

Another  unusual  feature  of  these  specifications  is  the  diversity  of 
permissible  stresses  for  different  types  of  compression  members,  greater 
stresses  being  allowed  for  members  having  solid  diaphragms  or  cover- 
plates  than  for  those  having  flanges  which  are  connected  by  latticing. 
The  usual  compression  formulas  do  not  discriminate  in  this  respect, 
the  only  provision,  in  most  specifications,  is  that  the  portion  of  the 
flange  between  connections  of  the  latticing  shall  be  as  strong  as 
the  member  as  a  whole.     This  is  usvially  interpreted  to  mean  that  the 

ratio,      ,   of  that  portion  of  the  flange  shall  not  be   less   than   for   the 
r 

member  as  a  whole,  and  implies  that  the  strength  of  the  member  is 

I  I 

the  same  for  any    value,     ,  of  the  flange,  within   the  value,  -,  of  the 
r  '  r 

member  as  a  whole.  This  assumption  is  fallacious.  The  flange  of  a 
member,  subject  to  buckling,  should  have  an  unreduced  compressive 
value,  the  same  as  the  flange  of  a  beam  subject  to  bending.  If  it 
has  not,  that  is,  if  the  flange  itself  has  a  reduced  buckling  strength, 
then  the  strength  of  the  compression  member  as  a  whole  is  doubly 
reduced. 
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Tlion'  are  other  weaknesses  of  iiitesiral  parts,  such  as  insufficient 
thickness  of  webs,  cover-plates,  outstanding  flanges  of  angles,  excessive 
rivet  pitch,  etc.,  all  of  which  tend  to  reduce  the  strength  of  a  com- 
pression nu'inhcr  as  a  whole.  It  is  evidently  impossible  to  cover  all 
these  influences  by  cut-and-dried  rules  or  formulas,  particularly  in 
view  of  the  lack  of  sufficient  comparative  experimental  data,  but  it  is 
obvious  tliat  some  distinction  sliould  be  made  in  tlie  permissi])le  unit 
stresses  for  different  tyjjes  of  sections,  types  of  latticing,  etc.,  and  not 

I 
nierclv  tor  different  vahies  of  the  ratio,     . 

r 

Secondary  Stresses. — Care  was  taken  in  designing  and  detailing 
all  the  bridges  to  avoid  large  secondary  stresses  and,  in  a  few  cases, 
wlicre  this  was  not  possible,  additions  to  the  sections  were  made. 

In  tlic  Hell  Gate  Arch  the  maximmn  calculated  secondary  stresses 
which  occur  simultaneously  with  the  maximum  primary  stresses  are 
as  follows,  in  pounds  per  square  inch: 

Combined  dead 
Dead  load.  Live  load.  and  live  load. 

Bottom  chord =t  1  300  zt  1  300  ±  2  100 

Top  cliord +  2  100  It  3  100  +  5  200 

—  2  500  —  5  600 

Diagonals it  5  000  ±  2  800  tz  6  300 

Verticals    z±z  2  200  ±:  4  400  ±  4  800 

These,  being  extreme  fiber  stresses,  can  safely  be  assumed  to  be 
covered  by  the  margin  of  safety  of  the  primary  or  axial  stresses,  es- 
pecially as  the  greatest  secondary  stresses  occur  in  members  which  have 
considerable  excess  of  section.  Moreover,  stress  measurements  made 
during  and  after  erection  indicate  that  the  actual  secondary  stresses 
are  below  the  calculated  ones. 

Xo  attempt,  therefore,  was  made  in  the  fabrication  and  erection  of 
the  trusses  to  eliminate  or  even  reduce  the  secondary  stresses.  In 
fact,  this  would  have  been  a  very  difficult  problem  on  account  of  the 
rigidity  of  the  members,  particularly  of  the  bottom  chord.  This  ques- 
tion is  discussed  more  fully  under  "Workmanship  and  Fabrication." 

Erection  Stresses. — The  greatest  stresses  in  the  arch  trusses  during 

erection   were:   +  is  (idd  and  —  lO  ()00  lb.  per  sq.  in.    (      =  4C  )  from 
dead  load  and  erection  traveler  without  wind,  and  -{-  20  400  and  —  19  700 
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I 


lb 


per  sq.  in.  /  —  =  46  )  from  the  dead  load,  traveler,  and   an  assumed 

wind  pressure  of  30  lb.  per  sq.  ft.  of  exposed  surface. 

These  stresses  were  well  within  the  safe  limits  allowed  for  the 
total  stresses  in  the  completed  bridge.  Only  in  the  end  panel  of 
the  top  chord  was  the  erection  stress  greater 'than  the  total  stress  in 
the  permanent  bridge,  but  these  members  required  a  certain  minimum 
section  which  was  sufficient  for  the  erection  stress.  No  extra  metal 
was  required,  therefore,  in  the  arch  trusses  for  erection  purposes.  The 
maximum  values  allowed  for  the  erection  stresses  without  wind  in 
the  temporary  back-stays  (structural  steel)  were  the  same  as  those 
allowed  for  the  total  stresses  in  the  finished  structures  (20  000  lb.  per 
sq.  in.  tension)  and  25%  more  with  a  wind  pressure  of  30  lb.  per  sq.  ft. 
of  exposed  surface  (25  000  lb.  per  sq.  ft  tension). 

10. — Workmanship  and  Fabrication. 

The  specifications  were  prepared  by  the  Consulting  Engineer  with 
a  view  to  securing  the  best  class  of  workmanship  which  current  prac- 
tice and  possible  improvement  therein  would  admit.  The  steelwork 
for  the  arch  bridge  was  manufactured  at  the  Ambridge  Plant  of  the 
American  Bridge  Company,  whose  shop  management  gave  careful  study 
to  new  shop  methods  and  the  use  of  more  efficient  tools  and  machinery, 
as  necessitated  for  the  unprecedented  work. 

Punching,  Reaming,  and  Drilling. — The  punching,  reaming,  and 
drilling  of  rivet  holes  was  governed  by  the  following  clauses  in  the 
specifications : 

"Steel  up  to  and  including  a  thickness  of  ^  in.  may  be  punched 
without  subsequent  reaming,  unless  the  same  shall  be  necessary  to 
insure  smooth  holes  of  the  assembled  parts  to  be  riveted  together. 

"Steel  up  to  and  including  |  in.  in  thickness  shall  be  punched 
with  holes  |  in.  smaller  and  then  reamed  after  assembling  ^^  in. 
larger  than  the  nominal  size  of  the  rivets  shovpu  on  the  drawings. 

"Structural  steel  up  to  and  including  I  in.  in  thickness  may  be 
punched  and  reamed,  provided  that  in  no  instance  shall  the  punched 
rivet  hole  be  more  than  |^  in.  in  diameter  in  steel  f  in.  thick.  This 
applies  to  any  diameter  of  rivet,  whether  i  in.  or  larger.  After  assem- 
bling the  holes  shall  be  reamed  out  for  the  removal  of  the  bruised  metal 
to  a  diameter  ^^  in.  larger  than  the  nominal  size  of  the  rivet.  A  misfit 
or  overlapping  of  the  punched  holes  in  the  assembled  pieces  greater 
than  yi^  in.  will  not  be  allowed,  and  wiien  the  Engineer  is  satisfied, 
after   reasonable   trial,   that   the   punching   is   not   within    that   limit 
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of  at'Ciiracy  then  punching  must  be  discontinued  and  the  holes  drilled 
as  per  paragraph  55. 

"Kivet  holes  of  more  than  f  in.  in  thickness  shall  be  either  drilled 
from  the  solid  ^\  in.  smaller  and  then  reamed  after  asseml)ling  j^,, 
in.  larger  than  the  nominal  size  of  the  rivets  shown  on  the  drawings, 
or  the  rivet  holes  shall  be  drilled  from  the  solid  after  assembling 
^\  in.  larger  thau  the  nominal  size  of  the  rivet. 

"Rivet  holes  in  members  composed  of  material  of  two  or  more 
thicknesses,  any  one  of  which  is  greater  than  f  in.,  shall  be  punched 
or  drilled,  respectively,  as  specified  in  paragraphs  54  and  55,  and 
after  assembling  reamed  to  proper  size,  or  the  rivet  holes  shall  be 
drilled  from  the  solid  after  assembling  ,\,  in.  larger  than  the  nominal 
size  of  the  rivet. 

"All  reaming  or  drilling  of  holes  in  assembled  parts  shall  be  done 
with  the  various  pieces  bolted  together  in  their  respective  relative 
and  exact  positions.  After  reaming,  every  hole  shall  be  entirely 
snuiutli.  showing  that  the  reaming  tool  has  everywhere  touched  the 
metal. 

"All  drilling  and  reaming  of  holes  shall  be  done  dry  with  self- 
hardening  tool  steel. 

■'After  the  drilling  or  reaming  is  completed,  a  special  reamer  shall 
be  run  over  both  edges  of  every  rivet  hole  to  remove  the  sharp  edges 
and  burrs  and  make  a  fillet  of  -^^  in.  deep  in  each  rivet  head.  When 
necessary  the  work  shall  be  taken  ajiart  and  any  shavings  between 
pieces  carefully  removed." 

On  account  of  the  thick  material  composing  the  truss  members 
of  the  arch  bridge,  nearly  all  the  holes  in  these  members  had  to  be 
drilled.  The  general  procedure  w-as  as  follows:  After  the  holes  had 
been  laid  out  with  wooden  templates  and  punch  marked,  from  10 
to  15 7c  of  aU  of  them  were  drilled  from  solid  to  a  diameter  of  |,l  in. 
The  parts  were  then  assembled  and  bolted  up  with  |-in.  tack-bolts. 
All  the  other  holes  were  then  drilled  from  the  solid  to  full  size,  except 
those  for  the  field  rivets,  which  were  also  drilled  to  a  diameter  of 
IJ  in.  The  holes  of  the  |-iu.  tack-bolts  were  then  reamed  to  full  size, 
the  bolts  being  gradually  replaced  by  larger  ones,  and  finally  the 
sharp  edges  of  the  holes  were  reamed  off.  The  member  was  then 
riveted. 

For  the  bottom  chord  members  of  the  arch,  the  two  webs  with 
their  flanges  had  first  to  be  assembled  and  riveted  separately  and 
then  joined  and  riveted  to  the  middle  diaphragm  and  finally  the  top 
and  bottom  cover-plates   were   added.     All   reaming   and   drilling   of 
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the  hard  steel  was  done  with  tools  of  special  high-speed  steel.  Lubri- 
cating with  oil  was  not  permitted,  but  it  was  found  necessary  to 
use  occasionally  a  few  drops  of  soap  water  to  reduce  the  friction, 
particularly  in  drilling  through  thick  material. 

Rivets  and  Biveiing. — There  are,  in  the  whole  arch  bridge,  about 
840  000  shop  rivets  and  334  000  field  rivets,  of  which  400  000  are 
1^  in.  in  diameter.  Most  of  the  1-  and  l|-in.  shop  rivets  were  driven 
with  hydraulic  riveting  machines  having  a  pressure  capacity  of  100 
tons  (100  lb.  per  sq.  in.).  The  output  of  one  of  these  machines  is  about 
3  500  rivets  per  day.  For  all  heavy  field  rivets  and  such  shop  rivets 
as  could  not  be  driven  with  pressure  machines,  pneumatic  riveting 
hammers  of  the  No.  90  Boyer  type  with  9-in.  stroke  and  pneumatic 
buckers-up  were  used.  The  points  of  the  long  rivets  had  to  be  dipped 
in  water,  after  heating,  so  as  to  insure  more  complete  upsetting  of 
the  shank  before  the  head  was  formed. 

The  specifications  required  the  rivets  to  be  of  such  a  diameter  that 
it  was  necessary  to  force  them  into  the  holes  with  a  hammer  when  hot. 
Experience  has  shown  that  rivets  which  drop  easily  into  the  holes 
when  hot,  especially  those  of  long  grij)  exceeding  about  three  times 
the  diameter,  cannot  be  relied  on  to  fill  the  holes  completely  after 
upsetting.  Such  rivets  may  seem  tight  when  tested  with  a  hammer, 
but  when  cut  out  often  show  incomplete  upsetting  near  the  middle 
of  the  shank  and  toward  the  shop-formed  head.  The  specifications 
further  prescribed  that  rivets  with  a  grip  equal  to,  or  exceeding,  four 
times  the  nominal  diameter  should  be  tapered  so  that  the  base  of 
the  rivet  should  be  g\  in.  larger  and  the  point  ^\  in.  smaller  than  the 
nominal  diameter. 

Experiments  showed  that  such  rivets,  when  smooth  and  of  perfect 
size,  and  the  holes  exactly  ^\  in.  larger  than  the  nominal  diameter 
of  the  rivets  or  ^\  in.  larger  than  the  actual  diameter  at  the  base,  can 
be  driven  without  scraping  the  hot  metal  of  the  shank  and  forming 
a  film  under  the  rivet  head  and  fill  the  holes  more  perfectly  than 
ordinary  cylindrical  rivets.  It  was  found,  however,  that  allowance 
had  to  be  made  for  the  irregularity  in  diameter  of  rivets  and  holes  due 
to  the  rapid  wear  of  the  rivet  dies  and  the  drills.  After  extended  experi- 
ments, the  following  size  and  shape  was  finally  adopted  for  the  l^-in. 
rivets  (Fig.   19):  Minimum  diameter  under  the  head,  1/^  i"-,  tapered 
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down  to  1,1  i'  in.  in  a  distance  ol'  from  .")  to  {]  in.  Ironi  tlic  head,  depend- 
ing on  the  length  of  the  rivets,  the  rest  of  the  shank  being  cylindrical. 

The  rivets  were  required  to  be  perfectly  round,  and  free  from 
loose  scale  and  projecting  fins,  and  before  they  were  entered  into 
the  holes,  the  scale,  formed  in  heating,  had  to  be  carefully  scraped  off. 
To  produce  perfectly  round  and  smooth  rivets,  it  was  found  necessary 
to  deviate  from  the  ordinary  practice  of  upsetting  the  rivet  between 
dies  by  a  single  stroke  of  the  machine  and  cutting  it  off  at  the  same 
time  from  the  feeding  rod.  Pieces  of  the  proper  length  required  for 
the  various  rivets  were  cut  cold  from  the  rivet  rods  and,  after  heating, 
were  x^laced  individually  into  the  upsetting  machine.  Each  rivet  was 
given  at  least  two  strokes,  and  was  turned  after 
each  stroke,  so  as  to  make  it  perfectly  round  and 
press  do^^^l  the  projecting  fins  which  form  in 
the  first  stroke  at  the  joint  between  the  dies. 
Further,  by  more  careful  individual  handling 
of  the  rivets  in  the  heating  furnace,  it  was  pos- 
sible to  avoid  the  scale  which  often  forms  on 
the  rivets  due  to  improper  heating  when  handled 
in  bulk.  Whatever  slight  scale  was  left  was 
removed  by  running  the  finished  rivets  through 
a  rumbling  process  and,  where  necessary,  pro- 
jections were  removed  by  grinding. 

Planing  Ends  of  Chord  Members. — Great 
care  was  taken  to  secure  perfect  planing  of  the 
ends  of  the  chords.  The  planing  was  done  by 
a  Berraet  Miles  horizontal  and  vertical  planer 
which  was  especially  erected  for  this  work.  It  is  mounted  on  a  rotary 
platform,  and  has  a  cutting  range  of  12^  ft.  horizontally  and  lOi  ft. 
vertically. 

The  three-faced  joint  of  the  bottom  chord  members  was  obtained 
by  facing  the  member  first  to  a  single  plane  for  the  full  width.  In 
this  condition  the  chord  member  was  assembled  in  the  truss,  and  after 
the  truss  had  again  been  taken  apart  the  two  outer  thirds  of  the 
face  of  the  chord  were  planed  to  the  required  bevel.  About  1  in.  of 
metal  was  cut  away  at  each  face,  first  by  a  roughing  cut  parallel  to 
the  vertical  webs,  and  then  by  a  horizontal  finishing  cut.     The  length 
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of  the  members  had  to  be  accurate  within  ^\  in.  and  the  bevels  of  the 
faces  within  30  sec.  (=  ^\  in.  in  10  ft.). 

Assembling  Arch  Trusses. — Complete  or  partial  assembling  of 
riveted  trusses,  or  of  continuous  chords  of  pin-connected  trusses,  is 
gradually  becoming  the  ordinary  method  in  American  practice,  at  least 
for  important  work.  With  improved  facilities  for  assembling  large 
trusses  at  the  shop,  the  reaming  and  drilling  of  the  field  connections 
can  be  done  cheaper  than  by  the  formerly  prevailing  practice  of  reaming 
or  drilling  to  iron  templates.  The  assembling  at  the  shop,  moreover, 
insures  greater  accuracy  and  decreases  the  chances  for  errors  or  un- 
foreseen difficulties,  with  the  resulting  delays  and  added  expenses,  in 
the  field. 

As  the  complete  assembling  of  the  arch  trusses  would  have  required 
a  very  large  space,  and  corresponding  facilities  for  handling  the 
members,  the  Bridge  Company  was  permitted  to  assemble  the  truss 
m  sections  of  four  panels,  the  last  panel  of  each  section  being  again 
assembled  with  the  following  three  panels. 

Each  truss  section  was  laid  out  carefully  in  the  bridge  shop  yard 
to  the  correct  cambered  form  with  a  transit.  The  members  were 
supported  by  timber  grillages  of  sufficient  bearing  area  to  prevent 
excessive  settlements.  Levels  were  taken  each  morning  before  any 
work  was  done  to  make  sure  that  the  truss  section  was  in  a  perfect 
plane  during  the  drilling  of  the  holes.  The  members  were  handled 
with  a  gantry  crane  of  130  ft.  span  and  150  tons  lifting  capacity 
(Fig.  20).    This  crane  was  erected  specially  for  this  work. 

As  previously  mentioned,  all  holes  for  the  field  connections  were 
drilled  to  a  diameter  of  \l  in.  from  the  solid,  and  |-iu.  bolts  were 
used  for  assembling.  After  a  truss  section  was  assembled,  the  holes 
were  drilled  to  full  size  with  long  high-speed  drills  which  reached 
through  both  webs.  The  f-in.  bolts  were  gradually  replaced  by  larger 
ones  as  the  drilling  progressed,  so  as  to  keep  the  members  and  gussets 
always  firmly  tied  together.  Before  the  members  were  taken  apart,  the 
field  connections  were  match-marked  carefully  and  the  marks  were 
recorded  on  a  chart  for  the  use  of  the  field  force.  Fig.  21  shows  the 
special  lifting  device  used  for  handling  the  heavy  chords. 

Only  the  best  class  of  labor  was  employed  on  this  work,  and  the 
bridge  shop  deserves  full  credit  for  its  excellent  work,  which  mani- 
fested itself  in  the  accuracy  and  expediency  with  which  the  members 
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Pig.   20. — AssKMBLiNG  Akch   Trusses  at   Shop,   for   Hkll   Gate    Brii)gk. 


Fic;.   ui.--  I'.nTTiiM  Chord  Section  with  Lifting  Device,  Hkll  Gate  Bridge. 
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wvvv  I'lTc'tc'd  in  the  field.  The  250-ton  cast-steel  boafinpcs  (Fip:'.  22) 
were  coinijletely  fitted  tofjether  at  the  shoj). 

An(/lcs  Between  Truss  Members  and  Jierels  of  Joints. — In  tlio 
liihrieation  of  large  riveted  trusses,  careful  consideration  must  be  }j;iven 
til  the  (juestion  as  to  whether  the  angles  between  members  and  tlie 
hevels  of  faced  ends  of  chord  members  shall  be  made  to  conform  to 
tlie  "cambered",  or  to  the  "geometric",  or  some  other  form  of  the 
truss.  The  method  to  be  used  depends  essentially  on  the  desirability 
of  r(>ducing  the  secondary  stresses,  and  therefore  on  the  kind  and 
system  of  truss. 

If  the  angles  are  laid  out  to  the  geometric  form  of  truss,  that  is, 
tlie  form  which  the  truss  is  expected  to  assume  after  completion,  it  is 
possible  to  reduce  the  secondary  stresses  considerably.  This  method, 
therefore,  is  advisable  for  trusses  with  high  secondary  stresses,  such 
as  cantilevers  or  continuous  trusses. 

If  the  angles  are  made  to  conform  to  the  cambered  form  of  truss, 
that  is,  the  form  which  the  truss  would  assume  when  entirely  relieved 
of  stress,  the  secondary  stresses  are,  theoretically,  fully  developed.  This 
method  was  used  for  the  Hell  Gate  Bridge,  as  the  secondary  stresses 
are  negligible,  and  because  this  method  has  the  following  important 
iidvantages: 

First,  the  whole  truss  or  any  number  of  panels  can  be  completely 
Itut  together  at  the  shop,  with  tight  joints,  and  the  holes  for  the  con- 
nections can  be  reamed  or  drilled  while  the  truss  is  thus  assembled, 
with  the  greatest  possible  accuracy  and  least  chance  of  errors. 

Second,  when  the  truss  members  are  erected  in  the  field,  the  holes 
of  the  connections  should  match  perfectly,  and  the  joints  should  be 
tight,  without  initial  bending  of  the  members.  The  riveting  of  the 
connections  can  start  at  once,  if  desired,  or  the  holes  can  be  filled  tem- 
jjorarily  with  tight-fitting  drift-i)ins  and  bolts  to  ijrevent  motion  of  the 
ends  of  the  member  during  the  deformation  of  the  truss.  Tliis  secures 
the  greatest  safety  and  expediency  in  erection. 

11. — Erectiox  of' Hell  Gate  Bridoe. 

Method  of  Erection. — As  is  necessary  in  the  case  of  a  large  bridge 
vihich  has  few  or  no  precedents,  the  question  of  erection  was  given 
thorough  consideration  by  the  Consulting  Engineer,  who  prepared 
g(  ncral  erection  jilans  and  stress  sheets  before  the  design  was  finally 
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decided  upon.  These  plans  indicated 
that  the  erection  of  the  arch  was 
economically  feasible,  although  in- 
volving operations  of  unprecedented 
character  and  magnitude.  The  river 
conditions,  as  outlined  heretofore, 
excluded  the  use  of  falsework  in  the 
river,  except  for  a  very  short  dis- 
tance from  each  abutment.  Erec- 
tion on  the  cantilever  principle,  with 
the  use  of  temporary  back-stays,  was 
the  only  practicable  alternative. 
However,  as  natural  anchorages  in 
solid  rock  for  the  back-stays  were 
not  available  at  reasonable  depth 
below  the  surface,  the  scheme  pro- 
vided for  artificial  anchorages  in  the 
form  of  huge  counterweights  to 
which  the  back-stays  could  be  at- 
tached. To  transmit  the  horizontal 
pull  of  the  back-stays  to  the  abut- 
ment towers,  where  it  could  find  re- 
sistance, struts  had  to  be  provided 
along  the  ground  surface  between 
the  counterweights  and  the  towers. 
To  render  this  method  economical, 
it  provided  for  the  temporary  use 
of  parts  of  the  permanent  bridge  in 
the  back-stays. 

The  general  features  of  this 
scheme  were  adopted  by  the  erectors, 
the  American  Bridge  Company,  with 
whom  the  responsibility  for  the 
erection  properly  rested.  The  erec- 
tors' plans,  which  were  prepared 
with  a  view  to  secure  perfect  safety 
during  erection,  were  approved  by 
the  Consulting  Engineer  after  thor- 
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oujrh  oxaniination  and  indopendent  calculation  of  all  erection  stresses 
and  deflections.  The  general  scheme  of  erection,  as  used,  is  illustrated 
by  Fig.  24. 

The  Bridge  Company  resorted  to  a  very  skillful  utilization  of 
available  parts,  not  only  of  the  arch  bridge  proper,  such  as  floor 
stringers,  suspenders,  etc.,  but  also  of  the  plate-girder  approaches, 
for  the  construction  of  the  back-stays  and  counterweights.  Only 
the  connections  between  members,  some  light  bracing,  and  a  number 
of  short  eye-bar  links  were  made  of  extra  material,  and  even  of  this 
a  considerable  tonnage  had  been  used  previously  on  other  erection 
work. 

The  total  weight  of  steel  in  the  back-stays,  for  both  sides  together, 
amounted  to  15  500  tons,  of  which  only  about  2  300  tons  are  not 
utilized  in  the  permanent  structure.  The  total  weight  of  the  arch 
which  had  to  be  supported  by  the  back-stays  amounted  to  14  500  tons, 
caused  a  maximum  pull  of  6  500  tons  in  each  back-stay,  and 
necessitated  a  maximum  counterweight  of  5  300  tons  on  each  side. 
The  heaviest  pieces  which  had  to  be  lifted  as  units,  the  bottom  chord 
members  of  the  arch,  weighed  180  tons. 

Bach-Stay  Trusses. — The  back-stays  on  the  two  sides  of  the  river 
were  not  alike,  on  account  of  different  configuration  of  the  surface, 
and  also  because  the  Long  Island  back-stay  had  to  carry  twelve 
panels  of  the  arch  while  the  Wards  Island  back-stay  carried  only 
eleven.  Each  back-stay  consisted  of  two  separate  back-stay  trusses 
placed  in  the  respective  planes  of  the  two  arch  trusses  (60  ft.  apart 
on  centers).  These  trusses  were  designed  to  resist  safely,  under 
the  most  unfavorable  erection  conditions,  their  own  weight,  that  of 
the  arch  trusses,  travelers,  and  other  erection  equipment,  and  a  wind 
pressure  of  30  lb.  per  sq.  ft.  of  exposed  area.  Each  back-stay  truss 
consisted  of  the  following  essential  parts  (Fig.  24)  : 

1. — The  lower  back-stay  chord,  BDl,  which  held  the  arch  truss 
at  the  end  Panel  Point  1  of  the  top  eliord  during  the  erection  of  the 
first  six  panels.  Except  for  the  short  eye-bar  links  at  the  connection 
to  the  truss,  this  back-stay  chord  consisted  of  two  lines  of  plate 
girders  with  an  aggregate  net  section  of  316  sq.  in.  The  erection  of 
the  arch  beyond  the  sixth  panel,  with  only  the  lower  back-stay  chord 
acting,    would   have   required   an    excessively   large   section    for   this 
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back-stay  and  considerable  extra  material  in  the  top  chord  of  the 
arch  trusses.     It  was  necessary,  therefore,  to  provide: 

2. — An  upper  back-stay  chord,  DFll,  which  held  the  arch  truss 
at  Panel  Point  11  during  the  erection  of  the  remaining-  panels,  and 
the  closure  of  the  arch.  Part,  DF,  of  this  chord  was  similar  to  the 
lower  chord,  and  part,  Fll,  consisted  of  three  lines  of  floor  suspenders. 
Both  parts  of  this  chord  were  connected  to  a  shoe  on  top  of  the 
column,  EF,  by  short  eye-bar  links,  FFl  and  FF2. 

3. — The  bottom  strut,  AB,  which  had  to  transmit  the  horizontal 
component  of  the  back-stay  chord  to  the  abutment  tower,  was  made 
up  of  four  lines  of  floor  stringers,  braced  together  laterally,  and 
supported  by  timber  grillages.  It  had  a  maximum  section  of  290 
sq.  in. 

4:. — The  vertical  post,  CD,  had  to  carry  the  vertical  component 
from  the  lower  tension  chord.  The  chord  was  seated  on  the  post 
by  a  roller  nest  in  order  to  prevent  serious  stresses  in  the  longitudinal 
bracing  between  posts. 

5. — The  vertical  post,  EF,  which  was  seated  on  top  of  the  masonry 
tower  at  track  level  had  to  transmit  the  vertical  component  from 
the  upper-tension  chord.  It  acted  as  a  rocker,  having  been  provided 
with  pin  bearings  at  top  and  bottoin.  This  member  had  the  largest 
section,  348  sq.  in.,  and  was  made  up  of  four  lines  of  viaduct  girders 
with  their  bracing. 

All  other  vertical  posts,  made  up  mostly  of  pairs  of  floor  stringers, 
carried  only  the  weight  of  the  chords  and  the  traveler.  All  posts 
were  well  braced  in  pairs  longitudinally  and  transversely,  and  thus 
formed  rigid  towers  and  bents.  The  bearings  of  the  arch  trusses 
were  provided  with  temporary  eye-bar  anchorages  (Fig.  2G)  to  prevent 
sliding  on  the  skewbacks  during  the  early  stages  of  erection  when 
the  reaction  had  the  steepest  inclination. 

Counterweights. — The  counterweights  were  carried  on  top  of  the 
rear  ends  of  the  back-stay  trusses,  which  rested  on  a  grillage  founda- 
tion. On  the  Long  Island  side  the  counterweight  was  made  up  of 
three  layers  of  viaduct  girders  (Fig.  25).  The  upper  layer  formed 
a  box  which  was  filled  with  earth  taken  from  the  excavation  for  the 
bottom  strut.  The  earth  was  filled  in  gradually  as  the  erection 
proceeded  so  that  there  was  always  ample  margin  of  safety  against 
uiilift  and  at  the  same  time  safe  pressure  on  the  foundation. 
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Fig.  26. — Hell  Gate  Bridge  :  Erection  Stage,  April  1st,  1915,  Long  Island  Side. 
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The  coiinterweijilit  on  tlic  "Wards  Island  side  was  similar,  except 
tliat,  on  account  of  lack  of  sufficient  earth  excavation,  the  necessary 
woiji'ht  was  made  up  by  additional  viaduct  girders  and  flooring 
I-beams. 

To  allow  free  expansion  and  contraction  of  the  back-stay  trusses, 
and  thus  prevent  large  temperature  stresses,  the  ends  of  the  back- 
stay trusses  under  the  counterweights  rested  on  roller  bearings.  Pro- 
vision was  also  made  to  raise  the  counterweights  to  proper  height 
by  eight  500-ton  hydraulic  jacks  (four  under  each  truss)  so  as  to 
offset  settlements  of  the  foundations.  These  jacks,  having  been 
gauged  for  pressure,  served  at  the  same  time  as  a  check  for  the 
weight  of  the  earth  fill. 

S  000-Ton  Hydraulic  Jacls. — Adjustment  of  the  arch  trusses  in 
height  was  required  at  various  erection  stages.  For  this  purpose  a 
powerful  hydraulic  jack  (Fig.  23)  was  placed  at  the  top  of  each 
of  the  four  erection  posts,  EF  (Fig.  24).  Each  jack  had  a  lifting 
capacity  of  3  000  tons  under  a  water  pressure  of  about  5  000  lb.  per 
.  sq.  in.  The  cast-iron  jack  plungers  had  a  diameter  of  39  in.  and 
a  maxinmm  stroke  of  2G  in.  The  cylinders  were  of  cast  steel,  and 
each  one  was  tested  at  the  United  States  Government  testing  plant 
to  its  full  capacity.  When  operated,  the  plunger  acted  against  the 
cast-steel  shoe  on  top  of  the  post,  raising  or  lowering  it  as  desired, 
and  thereby  raising  or  lowering  the  arch  trusses  or  rather  revolving 
them  around  their  bearings.  As  the  shoe  was  raised  or  lowered,  shim 
plates  were  inserted  or  removed  from  between  the  shoes  and  their 
original  bearings  on  the  post,  so  that  the  jacks  could  be  relieved  after 
the  jacking  operation  was  completed. 

General  Er^ctioii  Procedure. — The  diagrams  on  Plate  XXV 
illustrate  the  general  procedure  and  the  progress  of  erection.  The 
erection  was  to  be  carried  out  simultaneously  from  both  sides  of  the 
river,  but,  on  account  of  delays  in  the  construction  of  the  deep  founda- 
tion of  the  Wards  Island  tower,  erection  on  that  side  was  started  4^ 
months  later  than  on  the  Long  Island  side.  It  was  timed,  however,  so 
that  the  two  halves  of  the  arch  were  completed  simultaneously.  The 
erection  of  each  half  span  proceeded  in  the  following  order  (Fig.  24)  : 

1, — Placing  of  compression  chords  of  back-stay,  on  the  previously 
graded  surface,  with  a  60-ton  locomotive  crane. 
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2. — Erecting  bottom  layer  of  counterweight  girders  and  on  top  of 
these  the  back-stay  traveler,  T^,  with  a  30-ton  stiff-leg  derrick  placed 
back  of  the  counterweight. 

3. — Erecting  lower  part,  BDl,  of  back-stay  with  the  back-stay 
traveler,  T^,  which  moved  along  the  top  of  the  back-stay. 

4. — Erecting  arch  traveler,  T .„  on  top  of  lower  tension  chord  of 
back-stay  by  the  traveler,  T^. 

5. — Setting  of  bearings  for  arch  bridge,  and  erecting  first  six  panels 
of  arch  trusses,  bracing,  and  floor-beams,  by  the  traveler,  T^,  which 
moved  along  the  top  chord  of  the  arch.  At  the  same  time  the  traveler, 
T^,  completed  the  erection  of  the  upper  part,  DF ,  of  the  back-stay,  and 
portion  of  the  tie,  F-11,  by  advancing  on  top  of  the  back-stay  as  far  as 
the  point,  F.  The  front  portion  of  the  tie,  F-11,  was  erected  by  a 
derrick  mounted  on  the  rear  end  of  the  traveler,  T.,. 

6. — Connecting  the  upper  chord,  i'^-ll,  to  Panel  Point  11  of  the  arch, 
and  raising  the  point,  F,  with  the  hydraulic  jacks  until  the  lower 
chord,  B-1,  was  relieved  of  its  stress  and  disconnected. 

7. — Continuing  erection  of  arch  trusses  and  bracing  to  the  center 
(eleven  panels  on  Wards  Island  side  and  twelve  panels  on  Long  Island 
side)  leaving  a  small  gap  between  the  two  ends  (at  bottom  chord 
point  22  ^YI). 

8. — Lowering  Points  F  with  the  hydraulic  jacks  until  the  trusses 
became  self-supporting  three-hinged  arches. 

9. — Moving  the  travelers,  T.,,  back  to  Panel  Point  11,  where  they 
started  the  removal  of  the  forward  stay  and  the  erection  of  the  floor 
suspenders  and  floor-beams,  proceeding  again  toward  the  center.  (The 
stringers  could  not  be  erected  in  this  operation  because  they  formed 
the  compression  chords  of  the  back-stays  and  were  at  that  time  not  yet 
dismantled.) 

10. — Dismantling  of  back-stays  and  back-stay  travelers  in  the  re- 
verse order  in  which  they  had  been  erected. 

11. — Erecting  stringers,  railings,  and  floor  bracing  of  arch  by  the 
traveler,  T".,,  from  the  center  toward  the  ends.  The  end  panels  of  the 
floor  were  erected,  and  the  travelers,  T^,  were  dismantled  later  by  a 
derrick  set  up  at  the  end  of  the  top  chord. 

12. — Connecting  up  of  top  chord  and  diagonals  in  the  center  panel 
so  as  to  transform  the  trusses  into  two-hinged  arches. 
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Fr!.  27. — Hell   Gate   Bridge  :   Erection   Stage,  August   18th,   1915, 
Wards  Island  Side. 


Fig.  28. — Hell   Gate    Bridge:    Erection    Stage,    Septeaibiou   2d,    1915, 
Long  Island  Side. 
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13. — Placing  of  concrete  flooring,  ballast,  and  tracks,  after  the 
riveting  of  the  arch  trusses  had  been  completed. 

Erection  of  Truss  Members. — The  simplicity  and  uniformity  in  the 
design  of  the  various  truss  panels  greatly  facilitated  and  expedited 
the  erection.  The  typical  procedure  in  erecting  a  panel  of  the  arch 
was  as  follows:  The  two  bottom  chords  were  raised  into  position,  one 
at  a  time,  the  arch  traveler  standing  with  its  front  truck  at  the  end  of 
the  previously  completed  panel.  As  soon  as  a  chord  was  in  place,  the 
connection  at  the  rear  end  was  made  with  bolts  and  drift-pins,  and  then 
the  falls  were  released  and  the  chord  was  allowed  to  cantilcA'cr  out. 
The  gusset  and  splice- plates  at  the  front  end  of  the  chord  had  previ- 
ously been  bolted  to  the  chord  on  the  ground. 

Next,  the  diagonals  were  raised  and  connected  at  both  ends,  then 
followed  the  laterals  between  bottom  chords,  the  vertical  posts,  top 
chord  members,  and  last  the  sway-bracing  between  the  posts  and  the 
top  laterals,  only  one  member  being  raised  at  a  time.  On  account  of 
the  great  weight  of  the  chord  members  it  was  considered  that  better 
progress  could  be  made  by  raising  them  individually,  instead  of  in 
pairs,  and  therefore  the  traveler  had  been  designed  with  a  single  cen- 
tral boom. 

After  the  completion  of  a  panel,  the  traveler  was  moved  forward  to 
the  next  panel  point  and  blocked.  The  time  consumed  for  the  erec- 
tion of  a  panel  decreased  as  the  erection  advanced  toward  the  center, 
as  the  erection  gangs  became  more  experienced  and  the  members  de- 
creased in  weight.  It  took  about  3  weeks  to  erect  the  end  panel  on  the 
Long  Island  side,  and  the  tenth  panel  on  the  Wards  Island  side  was 
completely  put  up  in  7^  hours.  The  members  of  the  center  panel  were 
raised  jointly  by  both  arch  travelers,  the  latter  standing  with  their 
front  trucks  at  Points  21  (Fig.  29).  Owing  to  the  accuracy  of  the 
shop  work,  and  the  careful  assembling  of  the  trusses  at  the  shop,  no 
serious  difficulties  or  delays  were  experienced  in  making  the  connec- 
tions in  the  field,  notwithstanding  the  unusual  number  and  dimensions 
of  gusset  and  splice-plates  and  the  fact  that  no  clearance  had  been 
allowed  for  entering  parts. 

Deflections  and  Adjustments  of  Arch  Ti'usses  During  Erection. — 
During  their  erection,  the  arch  trusses  passed  through  the  following 
four  principal  and  distinct  static  conditions: 
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1. — Cantilever  condition.  During  erection  of  first  six  panels,  truss 
lield  at  end  of  top  chord  by  lower  back-stay  (Figs.  26  and  27). 

2. — Cantilever  condition.  During  erection  of  remaining  panels, 
truss  held  at  top  chord  Point  11  by  upper  back-stay  (Figs.  28  and  29). 

3. — Three-hinged  arch  condition.  Back-stays  released  and  trusses 
connected  at  bottom  chord  Point  22  Wards  Island  side,  which  acted 
as  hinge,  top  chord  23-23,  and  diagonal  23  Wards  Island  side — 22  Long 
Island  side  not  connected  at  23  Wards  Island  side  (Fig.  30).  Arch 
left  in  this  condition  until  all  steelwork  had  been  erected. 

4. — Final  or  two-hinged  arch  condition.  All  steelwork  erected  and 
all  members  of  the  center  panel  fully  connected. 

Each  transformation  from  one  to  the  next  of  these  principal  static 
conditions  marked  a  critical  erection  operation.  The  first  two  opera- 
tions required  adjustments  of  the  arch  trusses,  and  to  determine  the 
amounts  of  these  adjustments  it  was  necessary  to  calculate  the  deflec- 
tions of  certain  points  of  the  trusses  during  erection. 

To  obtain  a  clear  illustration  of  the  elastic  deformation  of  the 
trusses  during  erection,  and  for  the  purpose  of  comparison  with 
observations  in  the  field,  complete  deflection  diagrams  for  the  various 
erection  stages  were  prepared.  The  diagrams  for  the  principal  stages 
are  shown  on  Plate  XXVI.  The  deflections  of  the  arch  trusses  during 
the  cantilever  conditions  were  due.  first,  to  the  elastic  deformation  of 
the  trusses  themselves  from  dead  load  and  weight  of  traveler,  etc. ; 
second,  to  the  elastic  deformation  of  the  back-stays  from  the  same 
loads;  and,  third,  to  the  change  in  length  of  the  members  from  tem- 
perature changes.  These  deflections  were  very  considerable.  The 
total  deflection  of  the  bottom  chord  Point  22,  Wards  Island  side,  for 
instance,  under  the  extreme  cantilever  condition  and  at  normal  tem- 
perature (60°  Fahr.),  was  theoretically  as  follows: 

Wards  Island       Long  Island 
side.  side. 

Vertical   downward   deflection....         20.6  in.  ^     26.6  in. 
Horizontal  outward  deflection....  7.6  in.  8.1  in. 

At  a  temperature  of  30°  above  normal,  these  points  would  have 
moved  1.6  in.  farther  out,  which  would  have  resulted  in  an  overlap  of 
the  two  ends  of  about  19  in.  In  order  that  the  ends  of  the  two  arms 
should  clear  each  other  and  that  connection  at  the  center  could  be 
made  by  lowering  the  trusses,  it  was  necessary,  therefore,  to  erect  each 
half  in  a  raised  position  (revolved  around  its  end  bearing). 
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Fig.  29. — Erection  St.4ge.  September  30th,  1915.     Raising  Center  Piece  of 
Bottom  Chord,  Hell  Gate  Bridge. 


Fig.  30. — Hell  Gate  Bridge  :  Erection  Stage,  October  4th,  1915. 
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Fig.  31. — Hell  Gate  Bridge  :  Erection  Stage,  November  1st,  1915. 


Fi',.    ::-.      llKi.i,  (jAno   liRinGi:  :   Krkctio.x  Stage,  January  3d,   lOltJ. 
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Fiu.  33. — CoNNKCTixo  Bottom  Chord  Member,  Hei.i,  Gate  Bridge. 


Fig.  ;m. — Co.vNEcTiNG  Center  Panel  of  Bottom  Chord,  September  3uth,  I'-M." 
Hell  Gate  Bridge. 
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Fig.   35. — Heli.  Gat-e  Bridge  :  Center  Panel  Completely  Erected, 
October  4th,  1915. 


Fig.   36. — Hell  Gate  Bridge  :  Transportatio.n  ov  Bottom  Chord  Members. 
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This  position  was  detenninod  so  tluit.  jit  a  U'lnperature  of  30°  Fahr. 
;il>o\c  normal,  wliioh  was  considered  the  extreme  lilf?h  temperature  at 
wliieh  the  eonreetlon  mlfjht  have  to  be  made,  there  would  still  be  an 
"pcninfr  between  the  ends  of  the  two  arms  of  about  li  in.,  to  allow 
lor  discrei)ane.v  between  theoretical  and  actual  defleetions.  That  cor- 
responded to  an  opening:  of  4.8  in.  at  normal  temperature  and  8.1  in. 
at  ;5()°  below  nornml.  The  riiiscd  i>ositiou  of  the  trusses  was  established 
by  makinii-  tlie  eye-bar  links  of  the  back-stays  at  Points  F  shorter  than 
tlieir  geometric  lengtlis.  Link  FFi  was  shortened  by  r2j?y  in.  on 
the  Long  Island  side  and  by  11,',.  in.  on  the  AV'ards  Island  side,  and 
FF2  by  If  in.  on  both  sides.  All  other  members  of  the  back-stays 
were  made  to  their  true  geometric  length,  and  the  pin  at  Point  F 
was  assumed  to  be  raised  to  its  normal  or  geometric  elevation.  The 
lK)sition  for  that  extreme  cantilever  condition  (Stages  12  and  12a)  and 
for  normal  temperature  is  shown  (by  full  lines)  in  the  third  diagram 
on  Plate  XXVI.  The  positions  of  the  various  panel  points  are  given 
with  reference  to  the  geometric  position  of  the  arch  trusses  (shown 
by  dotted  lines). 

To  determine  the  required  range  of  adjustment  by  the  hydraulic 
jacks  at  Points  F,  that  is,  the  amount  by  which  Points  F  had  to  be 
lowered  by  the  jacks  to  close  the  opening  at  the  center  and  transform 
the  trusses  into  a  self-supporting  three-hinged  arch,  it  was  necessary 
to  calculate  the  position  of  the  trusses  for  the  latter  condition.  That 
position  is  shown  in  the  fourth  diagram  (Stage  13)  on  Plate  XXVI. 
This  diagram  shows  also  the  intermediate  position  (dash  and  dotted 
line)  which  the  trusses  assumed  when  the  ends  of  the  two  arms  just 
came  into  contact,  without  transmitting  any  stress.  From  the  com- 
mencement of  lowering  to  this  intermediate  stage  the  movement  of 
the  trusses  was  only  a  downward  rotation  around  their  bearings ;  during 
the  remainder  of  the  movement  the  trusses  changed  their  elastic  form, 
rising  in  the  center  about  l'[  in.  and  sagging  at  the  quarter  points 
about  3  in. 

To  determine  the  movements  taking  place  during  the  oi)eration 
of  releasing  the  lower  back-stay,  it  was  necessary  to  calculate  the 
l»ositions  of  the  trusses  immediately  before  and  after  this  operation. 
These  positions  are  shown  in  the  first  and  second  diagrams  on  Plate 
XXVI  (Stages  6  and  7).  The  position  at  Stage  7  is  obtained  from 
the  position  at  Stage  6  by  raising  Point  F  from  an  initial  low  position 
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to  the  normal  elevation  required  for  Stage  12.  To  keep  the  amount 
of  jacking  within  the  range  required  for  the  closing  operation,  it  was 
found  necessary  to  make  the  eye-bar  link,  l-g,  of  the  lower  back-stay 
shorter  than  its  geometric  length  by  5^  in.  on  the  Long  Island  side  and 
by  4^  in.  on  the  Wards  Island  side. 

During  the  first  part  of  the  movement  from  Stage  6  to  Stage  7, 
during  which  the  upper  back-stay  gradually  took  its  full  stress,  the 
trusses  changed  their  elastic  form;  during  the  second  part,  after  the 
lower  back-stays  had  been  disconnected,  the  trusses  merely  revolved 
around  tlieir  bearings.  The  intermediate  stage  is  not  shown  in  the 
deflection  diagrams.  The  total  vertical  movement  of  Panel  Point  11 
during  this  operation  was  9.6  in.  on  the  Long  Island  side  and  9.9  in. 
on  the  Wards  Island  side.  It  is  interesting  to  note,  also,  the  very 
considerable  horizontal  deflection  of  Points  F  at  the  top  of  the  back- 
stay column  during  this  operation,  amounting  to  10.4  in.  on  the  Long 
Island  side  and  11.2  in.  on  the  Wards  Island  side.  Fig.  37  shows  the 
theoretical  movements  of  the  hydraulic  jacks  and  the  positions  of  the 
pins,  F,  at  the  various  critical  stages. 

J  aching  Operation  for  Change  from  Lower  to  Upper  Bach- Stay. — 
When  Erection  Stage  6  (Plate  XXVI)  had  been  reached,  the  upper 
back-stay  was  connected  to  the  truss  at  Panel  Point  11,  with  a  slight 
play  between  the  connecting  pin  and  its  bearing  on  the  gusset-plates 
of  the  truss.  The  shoes  at  F  were  then  jacked  up  until  the  pin  at  11 
got  a  firm  bearing  and  the  upper  back-stay  began  to  take  stress  (Pig. 
37a).  Jacking  was  then  continued  until  the  upper  back-stay  had 
taken  full  stress  and  the  lower  back-stay  could  be  disconnected  (Fig. 
37&).  After  this  the  shoes  were  further  raised  to  their  normal 
elevation  (Fig.  37c),  corresponding  to  the  required  position  of  the 
trusses  for  Stage  7.  The  calculated  total  raising  of  the  shoes  was 
22^  in.  The  shims  between  the  shoe  and  their  original  bearings  on  the 
post  were  inserted  as  fast  as  the  jacking  proceeded,  and,  after  com- 
pletion of  the  jacking,  the  jacks  were  released. 

Actually,  the  procedure  on  the  Long  Island  side  differed  somewhat 
in  that  the  jacking  operation  was  discontinued  after  the  upper  tie 
had  taken  about  75%  of  its  stress.  Erection  was  then  continued  until 
the  seventh  panel  had  been  placed,  after  which  the  jacking  operation 
was  completed.  The  reason  for  this  procedure  was  that,  in  changing 
from  Stage  6  to  Stage  7,  the  foundation  pressure  under  the  counter- 
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DIAGRAM   OF  MOVEMENTS  OF  3000-TON 
HYDRAULIC  JACKS 


Normal  Local 


Location  of  Jack  Plunger 

to  connect  Upper  Back -stay  at 

Panel  Point  No.  11 

(a) 


Location  of  Jack  Plunger 

to  disconnect  Lower  Backstay  at 

Panel  Point  No.  1 

(6) 


Location  of  Jack  Plunger 

to  continue  erection  after  connection  of  Upper 

Back-stay  at  Panel  Point  No.  11.  and  disconnection 

of  Lower  Back-stay  at  Panel  Point  No.  1. 

(C) 


Location  of  Jack  Plunger 

to  disconnect  Upper  Back-«tay  at 

Panel  Point  No.  11. 

(d) 


Fig.   37. 
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weight  would  have  increased  from  2.0  to  3.9  -tons  per  sq.  ft.  This 
sudden  increase  might  have  caused  excessive  settlement,  as  the  ground 
was  comparatively  soft.  By  adding  the  seventh  panel  and  moving  the 
traveler  to  Panel  Point  15  before  completing  the  jacking,  it  was 
possible  to  keep  the  foundation  pressiire  within  ;]  tons. 

A  complete  record  of  this  jacking  operation  for  both  sides  is  given 
in  Tables  4  and  5.  It  shows  a  remarkable  coincidence  between  the 
jacking  heights  as  calculated  and  as  observed.  The  "effective"  jacking 
height,  that  is,  the  amount  of  jacking  from  the  moment  the  upper 
back-stay  started  to  take  stress  until  the  stress  in  the  lower  back-stay 
became  zero,  was  actually  11  in.  (north  truss)  and  llf  in.  (south 
truss),  on  the  Long  Island  side,  and  13  in.  (north  truss)  and  13  in. 
(south  truss),   on  the  Wards  Island   side,   as   compared   with   lOJ   in. 

TABLE   4. — Record  of    Jacking    for   Changing 


Date. 

Time. 

Aug.  28. 

Aug. 31. 

Sept.  2. 

Sept.  8. 
Sept.  9. 

8.45 
9.20 
9.33 
9.38 
9.41 

9.46 

Remarks. 


Stage  6  —Lower  stay  fully  stressed 

Slight  jacking  to  take  out  slack  ia  upper  stay. 

Continued  jacking  and  stopped  at 

Started  jacking  at 

Continued  jacking 

Continued  jacking 

Continued  jacking 

Cohtinued  jacking  and  stopped  at 

Jacks  lowered  to  bearing  on  shims 

Raised  jacks— 7  panels  ereeteil 

Continued  jacking  to  remove  pins  in  lower 
stay 

Total  effective  jacking  from  0  to  full  sires* 
in  upper  stay 

Continued  jacking  after  removing  pins  in 
lower  stay 

Raised  jack  to  level  up  pins  over  jacks  and 
at  Panel  Point  No.  11 


Height  of  Shims. 


Observed  : 


N. 
Truss. 


Inches. 


4Mt 

6 

5% 
141^ 
16?^ 
17,4 
1^% 

16% 
17 

13 

22-/,,, 
225i^ 


S. 
Truss. 


Inches. 


3%t 
5% 
Si'/io 
141^ 
153^4 
16^ 

ir^ 

16»4 

^m 

13M 

22% 
21% 


Calc. 


Inches. 


G% 


191^ 


19)^ 

13^ 
22J4 

23)4 


0 
14 
13 

77 

90 

97 

100 

93 
97 

100 


*  No  allowance  made  for  friction.     +  Interpolated,  not  observed.      t  Stress  falling  rapidly 
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(J.r()ii^  Island  side)  and  13 J  in.  (Wards  Island  side),  respectively,  as 
calculated.  The  tables  also  show  a  close  agreement  between  the  tension 
stresses  in  the  eye-bar  links  of  the  upper  and  lower  back-stays  as 
calculated  and  as  actually  observed  in  the  field  by  extensometer 
nieasiircnicnts.  This  proves  the  practicability  of-  such  measurements 
and  tlicir  Viilue  as  a  means  of  checking  stresses  for  similar  operations. 
'I'hc  dis^crcpancy  between  the  calculated  jack  i)ressures  and  the  values 
observed  on  the  pressure  gauge  is  due  to  the  friction  between  the 
jdunger  and  the  cylinder. 

Jacking  Operation  for  Closing  Arch. — The  closing  of  the  trusses 
at  the  center  and  their  transformation  from  cantilevers  into  three- 
hinged  arches  proceeded  as  follows:  As  the  Erection  Stages  12  (Wards 
Island  side)   and  12A    (Long  Island  side)    (Plate  XXVI)   had  been 

B.vtK-STAYS — Hell  Gate  Arch — Wards  Islaxd  Exd. 


Jack  Pressure. 

Tension  in  Lower  Stat 
(Eye-bar  Links). 

Tension  in  Upper  Stat 
(Ete-bar  Links). 

Meas. 

Calc* 

Observed: 

Calc. 

Observed : 

Calc. 

N. 
Truss. 

S. 
Truss. 

N. 
Truss. 

S. 
Truss. 

Remarks. 

Pounds 

per 

square 

inch. 

Bounds 

per 

square 

inch. 

Pounds 

per 

square 

inch. 

Pounds 

per 

square 

inch. 

Pounds 

per 
square 
inch. 

Pounds 

per 

square 

inch. 

Pounds 

per 

square 

iuch. 

Pounds 

per 

square 

inch. 

0 

0 

19  500 
19  500 
17  100 

19  950 
19  950 
17  000 

18  160 
18  160 
16  200 

0 

0 

1  050 

0 

0 

1  950 

0 

0 

1  050 

Before  any  jacking,  6  pan- 
els erected. 
Upper  stay  begins  to  act. 

In     this    condition    until 
Sept.  2d,  1915. 

500 
500 

220 

200 
1  200 
1  400 
1  500 
1  550 

1  480 
1  660 
1  710 

1  300 

11  400 J 
900 

2  400 

2  700 

150 
2  400 

4  300 

1  900 

600 

0 

1  500 

600 

0 

before  starting. 

1  500 

lower  stay. 
Extensometer  readings  in 

lower  stay. 
Extensometer  readings  in 

1  700 

1  725 

7  500 

8  500 

8  960 

9  250 

lower  stay. 
Lower  stay  "eye-bars  tested 

and   found    slac  k — 

Stage  7. 
In  this  condition  till  Sept. 

8th. 

1  600 
1  900 

7  6.50 

8  060 

2  000 

150 

10  200 

10  670 

Pins   removed   to  discon- 
nect lower  stay. 

2  050 

1  710 

Stage  8  —  Jacking    com- 

pleted. 
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reached,  the  jack  plungers  were  brought  to  bear  against  the  shoes  at 
Points  F,  which  were  in  the  position  shown  in  Fig.  37c,  and  lifted 
them  slightly  so  that  the  removal  of  the  shim  plates  from  under  the 
shoes  could  be  started.  The  jacks  were  then  lowered  until  the  bottom 
chords  came  into  contact  at  Point  22,  Wards  Island  side.  After 
lowering  a  little  farther,  so  as  to  produce  a  slight  initial  stress  in  the 
center  chord,  jacking  was  stopped.  The  connection  was  then  made  at 
22,  Wards  Island  side,  with  bolts  and  drift-pins.  The  jacks  were  tlien 
lowered  farther,  until  the  upper  back-stay  tie  was  relieved  of  stress 
(Fig.  S7d). 

Table  5  gives  the  record  of  this  operation,  and  shows,  again,  a 
close  agreement  between  the  calculated  and  actual  "effective"  jacking 
heights,  that  is,  the  amount  of  jacking  from  the  moment  the  ends  of  the 
two  arms  came  to  bear  to  the  moment  when  the  stress  in  the  back-stays 

TABLE  5. — PtEcoRD  OF  Jacking  Operation  for 


Date. 


Oct.  1, 1915. 


Time. 


9.35 
10.05 
10.23 
10.30 
10.53 

11.00 


11.28 
1.05 


2.15 


Summary . 


Stage  of  closing  operation. 


Position  of  jacks  unchanged  since  July  23, 
1915.  Started  to  raise  jacks  to  loosen  shim 
plates 

Shim  plates  loose.    Started  to  lower  jacks. . 

Stopped  lowering  to  bolt  diagonals  at  22  A.. . 

Started  lowering  again 

Stopped  lowering 

Raised  south  jack  to  match  elev.  of  S.  Truss 
of  23  A 

Started  lowering  again 


Chords  touching  at  22  A,  Temp.  56°  Fahr 

Stopped  lowering  to  bolt  connections  at  22  A 

Started  lowering  again  and  unloading  coun 

terweight 

f  Finished  lowering  jacks,  stays  14  in-  slack.  ] 

J  Arch  self-supporting,  3-hinged 

1  Total  settlement  of  counterweight,  N  =  3 
[     in.,S  =  l%in 


("Total  lowering  of  jacks  to   make  chords 
touch 


[Additional  lowering  to  release  stays. 


Height  of  Shims. 


Observed. 


N.  Truss.  S.  Truss 


Inches. 


22916 
24 

21^ 
21J4 


20^ 
19% 


4% 


21M0 
15 


Inches. 


22% 
23% 
2114 
2114 

2O8A0 

21 
20^ 

19M 

18H 

18M 


m 


Gale. 


Inches . 


ISis^a 

4^16 


14M 


*  Discrepancy  between  actual  and  calculated  due  to  trusses  being  lower  than  calculated 

before 
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became  zero.  This  height  was  actually  15  in.  at  both  trusses  on  the 
Lou^  Island  side  and  12,^^  in.  (north  truss)  and  12^'',.  in.  (south  truss) 
on  tlio  Wards  Island  side,  as  compared  with  14.f  in.  (Long  Island  side) 
and  12]''.  in.  (Wards  Island  side),  rt'S|)ectivt'ly,  as  calculated.  I'he 
opening  at  the  center,  before  lowering  started,  was  actually  4^^^^  in. 
at  a  temperature  of  50°  Fahr.,  as  compared  with  4;f  in.  as  calculated 
for  the  normal  temperature  of  60°  Fahr.  Panel  Points  22  were  found 
to  be  on  an  average  1  in.  lower  than  the  theoreticar  position,  which  is 
a  very  small  deviation  lor  such  a  great  span.  A  difference  in  tempera- 
ture of  10°  would  have  been  sufficient  to  produce  that  difference  in 
elevation. 

Weather  conditions  were  very  favorable  for  the  closing  operation, 
the  sky  having  been  covered  and  the  temperature  nearly  constant  at 
56°  Fahr.     Great  care  had  to  be  exercised  to  bring  the  ends  of  the  two 

Closing — Hell  Gate  xVrcii — Long  Island  End. 


* . 

DO, 

Jack 
Prbssurk. 

Opening  Bet.  Bottom 

CeoRns 

AT  Point  22. 

Elev.  of  Panel  Point 
22  L.  I. 

Ob- 
served. 

Calc.t 

Calc. 

o3 

Observed. 

Theo- 

Observed. 

Condition 
of 

S.  Truss. 

arch. 

S5 

Pounds  Pounds 

■    N.  Truss. 

A® 

a* 

square 
inch. 

square 
inch. 

Inches. 

Inches. 

Feet. 

Feet. 

Feet. 

4»A6 

3  o  <uo  b 

0 
0 

0 
0 

4M* 

H 

0 
0 

2  .x>^  . 

El  o     3   M  o 

,'■265.11 
■ — 5-265.14 

!       '■265.18 

'■ 265.21 

Relativ 

o 

L.  o 

oo 
a)  CO 

H 
'265! 19' 

'265!36" 
)n3. 

Stage  12  A. 

1  Trusses  in 
f     contact. 

0 

4  550 
3  950 
3  950 
3900 

4500 
3850 

3  850 

3  400 

3  400 

0 

4  600 
4  600 
4  (-00 
4  600 

4  600 
4  600 

4  600 

4  100 

4  100 
0 

265.14 
205.17 

265.21 

265.24 

e  Elevatic 

10 

10 

100 

3-hinged. 

—  IVie  in-  :  —h^n. 

0.0 

r 

1 

position.  t  No  correction  for  friction  of  jacks.  X  Calculated  for  opening  observed 

1  Qolrintr 


jacking 
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arms  into  perfect  contact,  and,  after  that,  it  was  important  to  insure 
the  simultaneous,  proportionate  lowering"  of  all  four  jacks,  as  otherwise 
serious  shearing-  stresses  might  have  been  caused  in  the  center  con- 
nection. This  was  secured  by  a  telephone  system  through  which  con- 
stant comniunication  was  kept  between  the  men  in  charge  at  the  tops 
of  the  erection  towers,  where  the  jacks  were  operated,  at  the  center  of 
the  arch,  and  at  the  main  field  office. 

During  the  release  of  the  back-stays  the  foundation  pressure  under 
the  counterweights  would,  without  reduction  of  the  latter,  have  been 
gradually  increased  from  2.0  to  7.8  tons  per  sq.  ft.  This  might  have 
caused  excessive  settlement  of  the  comparatively  soft  ground  on  the 
Long  Island  side  and  interfered  seriously  with  the  closing  operation. 
To  relieve  the  foundation  pressure,  the  removal  of  part  of  the  earth 
fill  from  the  counterweight  box  was  started,  therefore,  immediately 
after  the  trusses  had  come  into  contact,  and  was  kept  up  as  fast  as 
possible  while  the  arch  was  being  lowered  into  the  self-supporting  posi- 
tion. At  the  same  time,  levels  were  constantly  taken  to  observe  the 
settlements  which  took  place.  The  average  settlement  observed  was 
2^  in.,  which  was  not  sufficient  to  cause  any  disturbance  at  the  center. 
For  emergency  the  eight  500-ton  hydraulic  jacks  were  ready  to  raise 
the  counterweight,  if  this  had  become  necessary. 

The  engineers  and  field  force  of  the  American  Bridge  Company, 
particularly  C.  G.  E.  Larsson,  M.  Am.  Soc.  C.  E.,  Assistant  Chief  Engi- 
neer, who  took  personal  charge,  deserve  full  credit  for  the  well-organ- 
ized and  careful  manner  in  which  this  critical  operation  was  carried  out. 

Transforming  Trusses  from  Three-Hmged  Into  Two-Hinged 
Arches. — -The  transformation  of  the  trusses  from  three-hinged  into 
two-hinged  arches  required  the  connection  of  the  top  chord  and  one 
of  the  diagonals  of  the  center  panel  of  each  truss  at  normal  tem- 
perature (00°  Fahr.).  These  members  had  been  erected  immediately 
after  the  closing  of  the  arch,  but  had  been  left  bolted  at  one  end  and 
free  to  move  at  the  other. 

The  connection  at  the  free  end  required  drilling  the  rivet  holes 
from  the  solid,  and  riveting.  Although,  during  these  operations,  no 
elastic  deformations  of  the  arch  trusses  from  loads  took  place,  as  the 
members  were  to  be  connected  without  initial  stress  at  normal  tem- 
perature, it  was  to  be  expected  that,  during  the  drilling  and  riveting, 
which  work  took  several  days,  there  would  be  changes  in  temperature. 
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In  order  to  prevent  movements  of  tlie  connection  after  the  drilling  of 
Imlts  Imd  once  started,  the  Bridge  Company  resorted  to  an  ingenious 
(lt\  ice  t(i  hold  the  ends  in  place.  A  rod,  8  in.  in  diameter  and  16  ft. 
loiiji-.  of  sufficient  strength  to  resist  any  possible  tension  or  compres- 
sion from  changes  in  temperature,  was  introduced  into  each  top  chord, 
extending  across  the  open  joint  of  the  chord  at  Panel  Point  23,  Wards 
Island  side.  Each  end  of  the  rod  was  secured  with  double  nuts  to  a 
(liai)hragm  riveted  to  the  chord  (Fig.  38). 

On  a  favorable  day,  when  the  temperature  was  practically  normal 
and  uniform  over  the  whole  structure,  the  nuts  on  these  rods  were 
tightened,  with  a  slight  initial  stress  in  the  rods.  From  this  moment 
ail  stresses  were  taken  by  the  rods,  thus  relieving  the  ends  of  the 
chords  and  permitting  the  drilling  and  riveting  without  disturbance. 
The  rods  were  left  in  place,  and  therefore  partake  in  resisting  the  chord 
stresses. 

Field  Riveting,  Bolting,  and  Drifting.— K  total  of  333  960  field 
rivets,  or  about  17  per  ton  of  steelwork,  had  to  be  driven  in  the  Hell 
(Jate  Bridge,  not  including  those  driven  in  some  connections  of  the 
back-stays.  About  two-thirds  of  this  number,  or  202  404,  are  1^  in.  in 
diameter  and  have  grips  up  to  9|  in.  Their  shape  has  been  described 
under  "Workmanship  and  Fabrication."  The  connections  of  the  back- 
stay trusses  were  in  general  made  with  80%  of  drift-pins  and  20% 
of  bolts. 

All  truss  connections  were  made  temporarily  with  bolts  and  drift- 
l)ins.  From  25  to  60%  of  the  rivet  holes  were  filled  with  drift-pins  or 
a  number  sufficient  to  carry  the  entire  erection  stress.  About  50% 
of  the  holes  were  filled  with  bolts  to  tie  the  different  parts  firmly 
together.  The  bolts  were  not  supposed  to  transmit  any  stress.  The 
riveting  of  the  connection  of  the  web  members  and  of  the  six  end 
panels  of  the  top  chord  was  permitted  to  proceed  by  gradually  replac- 
ing the  pins  and  bolts  with  rivets  after  the  erection  had  proceeded  at 
least  three  panels  ahead.  The  riveting  of  the  bottom  chord  connections 
and  of  the  middle  panels  of  the  top  chord,  however,  was  deferred  until 
the  arch  had  become  self-supporting  and  tlie  bottom  chord  carried  the 
greater  part  of  the  dead  load.  The  object  was  to  allow  the  joints  of 
tliese  compression  chords  to  come  into  full  and  forcible  contact,  and 
transmit  a  greater  unit  stress  than  the  splicing  material  after  the 
riveting  had  been  completed.     As  the  bottom  chords  had  been  planed 
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at  one  end  t<>  a  three-plane  face,  as  explained  previously,  the  two  outer 
ihirds  of  eacli  joint  formed  wedgre-shapcd  openings  when  the  member 
was  put  in  place.  As  had  been  anticipated,  the  openings  j?radually 
closed  as  tlie  stress  increased,  and  i)articulurl.v  when  the  drift-pins 
were  rephiced  by  rivets.  It  may  be  assumed,  therefore,  that  the  bear- 
ing: stress  across  the  joint  from  dead  load  increases  from  nearly  zero 
at  the  edges  to  a  maximum  over  the  middle  third  of  the  joint,  and  that 
dangerous  edge  pressures  are  thus  avoided.  Part  of  the  dead-load 
stress,  of  course,  remained  in  the  splice  material,  as  the  gradual  replac- 
ing of  the  drift-pins  by  rivets  did  not  entirely  relieve  the  splice  material 
from  stress.  The  additional  stresses  from  live  load  and  other  forces 
are  shared  proportionally  by  the  full  joint  and  the  splice  material. 

All  field  riveting  was  done  by  pneumatic  hammers  with  ijneumatic 
buckers-up,  as  described  elsewhere.  Air  was  delivered,  with  a  pres- 
sure at  the  tool  of  about  120  lb.  per  sq.  in.,  from  two  compressors,  one 
on  each  side  of  the  river.  From  twelve  to  seventeen  riveting  gangs 
were  employed  on  the  bridge.  The  average  daily  output  for  rivets 
l.i  in.  in  diameter  was  135  per  gang  and  the  maximum  daily  output 
of  one  gang  was  356. 

Storing,  Shipping,  Unloading,  and  Handling  Steelwork. — Material 
from  the  shops  was  delivered  by  rail,  and  stored  at  the  Pennsylvania 
Railroad  freight  yards  at  Greenville,  N.  J.  Special  low  cars  were 
recpiired  for  the  transportation  of  the  heavy,  deep  chord  members 
(Fig.  30).  From  Greenville  the  material  was  re-shipped  on  car-floats  up 
the  East  River  to  the  bridge  site  as  needed  during  the  erection. 

On  both  shores  of  the  river  a  dock  had  been  built  for  unloading  the 
materials,  each  having  been  provided  with  a  65-ton  double,  stiff-leg 
derrick.  These  docks  were  also  used  for  delivering  materials  for  the 
masonry.  The  members  for  the  three  end  panels  of  the  arch  were 
raised  from  the  ground  or  dock  by  the  arch  traveler  (Fig.  26),  those 
for  the  other  panels  were  floated  on  a  barge  to  a  jwsition  under  the 
arch  traveler,  and  raised  by  the  latter  directly  from  the  barge  (Fig. 
28).  To  facilitate  and  expedite  the  lifting  and  putting  into  place,  a 
special  hiteli  was  temporarily  attached  to  each  heavy  member  above  its 
center  of  gravity.  This  was  placed  so  that  the  member  would  hang  in 
the  same  relative  position  as  it  was  to  occupy  in  the  structure. 

Travelers. — The  four  powerful  creeper  travelers,  one  pair  on  the 
back-stays  and  one  pair  on  the  arch  proper,  had  been  specially  designed 
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tiiid  built  for  the  erection  of  the  arch  bridge.  They  were  of  the  pyra- 
midal shape,  with  a  vertical  A-frame  over  the  front  trucks  and  a  single 
central  boom,  except  that  the  arch  travelers  were  also  provided  each 
with  two  light  auxiliary  booms  which  carried  the  working  platforms, 
or  cages,  and  other  light  loads  (Fig.  2G).  Fig.  39  shows  the  details  of 
the  arch  traveler. 

On  account  of  the  variable  inclination  of  the  chords  over  which  the 
travelers  had  to  run,  the  rear  corners  of  the  traveler  platform  rested 
on  telescoping  columns  which  were  adjustable  in  height  so  that  the 
platform  could  always  be  kept  horizontal.  The  following  are  the  prin- 
cipal data :  ,    i,  *       i  ^    i    ^     +       i 

^  Arch  traveler.  Back-stay  traveler. 

Maximum  lifting  capacity.  175  tons  (54  ft.  radius)  62  tons  (64  ft.  radius) 

(45  ft.  side  reach).  (50  ft.  side  reach) 

Heaviest  pieces  lifted ISO  tons 02  tons. 

Total  weight,  inclusive  of 

equipment 315  tons 166  tons. 

Height  of  A-frame 48  ft 53  ft. 

Length  of  boom 65  ft 112  ft. 

Main  falls 26-part  |-in.  wire  rope.  12-part  f-in.  wire  rope. 

Boom  falls 36-part    "       "      "     .26-part   "      "        " 

Falls  for  moving  traveler... Two   12-part   2-in.  |     (  Four  12-part  2-in, 

manila  rope....  '     i        manila  rope. 

Maxunum  lift 300  ft 300  ft. 

Motors Two  240-h.p.  electric...  One  100-h.p.  electric. 

The  back-stay  travelers,  with  some  modifications,  were  used  subse- 
(luently  for  the  erection  of  the  Wards  and  Long  Island  plate-girder 
viaducts. 

Power  Plant. — Electric  power  was  used  exclusively  for  the  opera- 
tion of  the  travelers  and  air  compressors.  Alternating  current,  with 
a  voltage  of  from  7  200  to  8  200  and  an  amperage  of  from  40  to  55, 
was  received  from  the  Astoria  Station  of  the  New  York  and  Queens 
Electric  Light  and  Power  Company.  It  was  transformed  at  the  bridge 
site  into  direct  current  with  a  voltage  of  from  550  to  600  and  an  am- 
perage varying  from  50  to  900  according  to  the  load,  by  a  3-phase 
60-cycle  Allis  Chalmers  motor  generator  set,  with  a  capacity  of  about 
500  h.p.  Each  of  the  two  Ingersoll  air  compressors  was  driven  by  a 
75-h.p.  electric  motor,  and  had  a  capacity  of  225  cu.  ft.  of  free  air 
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compressed  per  minute  to  a  pressure  of  at  least  135  lb.  per  sq.  in.  at 
the  cylinder. 

Progress. — The  following  are  the  principal  dates  in  connection  with 
the  erection  of  the  Arch  Bridge  (see  also  Plate  XXV)  : 

Long  Island  side.       Wards  Island  side. 

Erection  of  back-stays  started September,  1914     January,  1915 

Erection  of  arch  proper  started January,  1915         May,  1915 

First   six   panels   erected June,  1915  August,  1915 

Arch  closed October  1st,  1915 

Suspenders  and  floor  system  erected..  January,  1916 

Back-stays  dismantled April,  1916 

Riveting   completed September,  1916 

C ontractois'  Organization. — The  work  of  the  American  Bridge  Com- 
pany was  under  the  general  charge  of  C.  W.  Bryan,  M.  Am.  Soc.  C.  E., 
Chief  Engineer,  and  the  immediate  charge  of  Mr,  C.  G.  E.  Larsson, 
Assistant  Chief  Engineer,  Mr.  J.  B.  Gemberling,  Division  Erection 
Manager,  had  charge  of  the  erection.  The  contractor's  field  organiza- 
tion consisted  of  a  general  foreman,  three  assistant  engineers,  one  fore- 
man, and  an  average  daily  force  of  140  specially  picked  men.  The 
maximum  force  at  any  one  time  was  270  men.  There  were  two  sep- 
arate erection  gangs,  one  on  each  side  of  the  river. 

Unusual  precautions  were  taken  for  the  safety  of  the  workmen. 
Only  5  men  lost  their  lives,  mostly  due  to  their  own  carelessness.  Hand 
ropes  and  temporary  wooden  railings  were  provided  on  many  members, 
and  special  steel  cages  with  comfortable  platforms  w^ere  hung  from  the 
travelers  or  from  the  steelwork  for  the  convenience  of  the  men  working 
on  the  truss  connections  (Fig.  33). 

12. — Approaches. 
The  bridge  and  viaduct  approaches  to  the  Hell  Gate  Bridge  con- 
sist of  2  735  lin.  ft.  of  steel  truss  bridges,  10  818  lin.  ft.  of  plate-girder 
viaducts,  and  3  228  lin.  ft.  of  embankment  between  reinforced  concrete 
retaining  walls,  with  arches  over  the  streets.  Except  for  the  bascule 
spans  of  the  Bronx  Kill  Bridge,  which  have  open  tie  flooring,  all 
bridges  and  viaducts  carry  ballasted  tracks  on  concrete  slabs,  weigh- 
ing 3  500  lb.  per  lin.  ft.  of  single  track.  The  live  load,  quality  of 
steel,  and  permissible  unit  stresses  are  given  under  "Material"  and 
''Loads  and  Unit  Stresses." 
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Excei)t  for  the  Wards  and  Long  Island  Viaducts,  which  were  fabri- 
cated and  erected  by  the  American  Bridge  Company  in  connection 
with  the  Hell  (nite  Bridge,  all  steel  of  the  bridges  and  viaducts  of  the 
approaches  was  fabricated  and. erected  by  the  McClintic-Marshall  Con- 
struction Company,  of  which  Paul  L.  Wolfel,  M.  Am.  Soc.  C.  E.,  is 
Chief  Engineer  and  E.  A.  Gibbs,  Assoc.  M.  Am.  Soc.  C.  E.,  Manager 
of  Krt'ctidii.  The  masonry  and  foundation  work  was  carried  out  by 
the  following  contractors:  T.  A.  Gillespie  Company,  Arthur  McM«llen, 
Patrick  Ryan  Construction  Corix)ration,  and  The  Snare  and  Triest 
Company.  The  earthwork  was  done  by  the  Holbrook,  Cabot  and 
Rollins  Corporation. 

Little  Hell  Gate  Bridge. 

The  arm  of  the  East  River,  called  Little  Hell  Gate,  which  separates 
Randalls  and  Wards  Islands,  is  about  1  050  ft.  wide  at  the  bridge  site. 
The  tracks  of  the  New  York  Connecting  Railroad  cross  the  channel  at 
an  angle  of  about  70°  and  at  a  height  of  110  ft.  above  mean  high  water. 
The  tidal  currents  are  very  swift,  and  navigation,  except  for  small 
craft,  is  further  obstructed  by  the  shallow  depth  of  the  water  and  the 
jiresence  of  rocks,  which,  in  some  places,  protrude  above  the  low- water 
level.  In  winter  considerable  quantities  of  ice  are  carried  through 
with  great  force.  The  rock  bottom  is  in  the  average  only  15  ft.  below 
mean  high  water. 

Although  the  War  Department  plans  eventually  to  cut  a  channel 
24  ft.  deep  and  600  ft.  wide  through  this  stream,  navigation  will  proba- 
bly never  be  important,  and  it  was  not  considered  necessary  to  provide 
a  movable  bridge  for  the  passage  of  high-masted  vessels.  Plans  were 
first  made  for  a  bridge  1  050  ft.  long,  consisting  of  six  deck-truss  spans 
with  parallel  chords.  The  spans,  which  varied  in  length  from  145  to 
205  ft.,  were  to  rest  on  solid  concrete  piers.  This  design  would  have 
secured  an  economical  structure,  but  it  did  not  meet  with  the  approval 
of  the  War  Department,  which  considered  the  obstruction  to  the  river 
excessive  and  the  clear  head-room  above  the  water  insufficient. 

In  the  design  finally  adopted  (Plate  XXVII)  the  number  of  spans 
is  reduced  to  four,  with  an  aggregate  length  of  1  153  ft.  6  in.  between 
centers  of  abutment  piers.  The  latter  piers  are  square,  whereas  the 
three  river  piers  are  skew.  The  two  intermediate  spans  are  296  ft. 
6  in.  long;  the  end  spans  are  280  ft.  2  in.  on  the  center  line  of  the 


17G0  HELL   GATE   ARCH   BRIDGE  [Papers. 

bridge,  or  296  ft.  6  in.  on  the  center  line  of  the  longer  truss,  so  that  only 
two  different  sizes  of  trusses  were  required.  The  deck  trusses,  two  for 
each  span,  were  made  of  the  bowstring  type  so  as  to  give  additional 
clear  height  near  tlie  piers  for  higher  vessels  which  might  occasionally 
pass  underneath.  The  river  piers  were  reduced  in  size,  each  to  two 
cylindrical  shafts  25  ft.  in  diameter  at  the  water  line,  so  as  to  oifer 
the  least  resistance  to  the  flow  of  water  and  ice.  A  through-truss 
bridg^  would  have  given  more  clearance,  but  would  have  been  con- 
siderablj^  more  expensive  on  account  of  the  greater  width,  and  would 
not  have  harmonized  in  appearance  with  the  approach  viaducts  as 
well  as  the  adopted  type.  The  architecture  of  the  piers  and  abutments 
is  similar  to  that  of  the  viaduct  piers.  The  slender,  slightly  battered 
river  piers,  in  combination  with  the  graceful  outline  of  the  trusses, 
give  the  bridge  a  very  pleasing  appearance  (Fig.  40).  The  ends  of 
this  imiK>rtant  structure  are  befittingly  marked  by  towers  extending 
above  the  track  floor  at  each  abutment. 

All  foundations  are  on  solid  rock,  and  were  placed  by  open  coffer- 
dams. The  piers  and  abutments  are  of  concrete,  except  that  between 
Elevation  10.7  ft.  above  mean  high  water  and  1.2  ft.  below  mean  low 
water,  the  concrete  is  protected  against  disintegration  by  granite 
facing. 

The  two  trusses  are  52  ft.  apart  on  centers,  and  have  a  greatest 
depth  of  50  ft.  at  the  center.  The  bottom  chord  has  a  parabolic  shape, 
and  is  made  up  of  from  ten  to  thirteen  lines  of  structural-steel  eye- 
bars,  16  in.  wide,  up  to  2J  in.  thick,  and  more  than  38  ft.  long,  con- 
nected by  16-in.  pins.  All  other  members  are  riveted.  Eye-bars  were 
selected  in  this  case,  as  they  effected  a  considerable  saving  over  riveted 
chords.  The  type  of  truss  is  economical,  as  the  chords  are  of  nearly 
uniform  section  and  the  web  members  are  very  light.  The  secondary 
stresses  in  the  end  panels  are  comparatively  large,  but  those  from  dead 
load  have  been  practically  eliminated  by  making  the  joints  and  angles 
between  members  in  accordance  with  the  geometric  form  of  truss  and 
swinging  the  spans  clear  of  falsework  before  the  connections  were 
riveted.  The  trusses  are  connected  by  a  rigid  top  lateral  system  and 
also  by  stiff  sway-frames  at  each  vertical  post,  l^o  lateral  system  is 
provided  along  the  bottom  chord,  as  it  was  considered  preferable  to 
have  the  wind  force,  which  acts  along  this  chord,  transmitted  to  the 
lateral  system  between  the  stiffer  top  chords. 
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Fig.   40. — Little  Hkll  Gate  Bridge. 


Fig.  41. — EIrection  of  Little  Hell  Gate  Bridge. 
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Tlie  two  eiul  spans  have  fixed  bearings  over  the  abutments;  all  bear- 
injjs  over  the  piers  are  movable,  an  expansion  joint  being  provided  over 
the  center  pier.  With  tliis  arrangement  the  |>iers  eonld  be  made  con- 
siderably narrower,  as  they  do  not  have  to  resist  the  longitudinal  force 
from  braking.  To  avoid  the  transmission  of  any  longitudinal  force 
to  the  piers  through  friction,  the  bearings  are  provided  with  cast-steel 
rockers  of  the  unusual  height  of  24  in.  The  relative  movement  of  the 
two  bearings  at  the  center  pier  is  as  much  as  rt  0  in. 

The  four  spans  were  erected  successively  on  unusually  heavy  timber 
falsework  (  Fig.  41).  A  total  of  360  000  ft.  b.m.  of  timber  was  required 
for  each  span.  Each  panel  point  was  supported  by  a  double  bent 
strongly  braced  transversely  and  longitudinally.  The  piles  had  to  be 
braced  above  and  below  water  level  on  account  of  their  small  penetra- 
tion and  the  strong  current  of  the  river.  The  steel  was  handled  with 
a  steel  gantry  traveler,  which  weighed  275  tons,  inclusive  of  equip- 
ment. Erection  was  started  in  February,  and  completed  in  November, 
1915. 

The  bridge  contains  25  700  cu.  yd.  of  masonry  and  11  250  tons  of 
steelwork.  The  cost  of  construction,  inclusive  of  tracks,  was  approxi- 
mately $990  000. 

Bronx  Kill   Bridge. 

The  tracks  of  the  New  York  Connecting  Kailroad  cross  Bronx  Kill, 
which  separates  Randalls  Island  from  the  main  land,  at  an  angle  of 
about  72°  with  the  channel  and  at  a  height  of  75  ft.  above  mean 
high  water.  Bronx  Kill  is  here  about  600  ft.  wide  between  shore  lines, 
and  320  ft.  between  bulkhead  lines  as  established  by  the  War  De- 
partment. Under  present  conditions,  it  is  na'vigable  only  for  small 
boats.  The  river  bottom  consists  of  various  strata  of  river  mud,  sand, 
gravel,  and  clay  overlying  the  gneiss  bed-rock,  the  surface  of  which 
falls  from  both  shores  to  a  maxinmm  depth  of  about  110  ft.  below 
mean  high  water  under  the  north  abutment.  According  to  plans 
of  the  War  Department,  Bronx  Kill  is  to  be  improved  by  dredging 
a  channel  24  ft.  deep  and  480  ft.  wide,  principally  for  the  purpose 
of  decreasing  the  excessive  tidal  currents  in  the  East  River,  and 
incidentally  to  provide  a  direct  passageway  for  deep-going  vessels 
between  the  Harlem  River  and  the  upper  East  River.  For  this  reason 
the  War  Department  required  a  movable  bridge  having  two  clear 
openings,  of  at  least  120  ft.  each,  at  right  angles  to  the  channel. 
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The  available  height  of  75  ft.  from  top  of  rail  to  mean  hig-h 
water  would  have  been  sufficient  for  a  deck  bridge,  which  would  have 
been  more  economical  than  a  through  structure.  The  latter  type  was 
adopted,  however,  in  order  to  provide  sufficient  clear  height  for  all 
ordinary  navigation  to  pass  underneath,  and  thus  restrict  the  frequency 
of  opening  the  bridge  and  the  consequent  delay  to  railroad  traffic. 
This  consideration  was  important  in  view  of  the  prospective  heavy 
traffic,  and  on  account  of  the  heavy  grade,  on  which  it  is  difficult  to 
start  trains.  Comparative  designs  were  made  of  various  types  of 
movable  l)ridges,  including  the  horizontal  draw,  the  Scherzer  rolling 
lift,  and  the  Strauss  trunnion  bascule. 

The  horizontal  draw-bridge  would  have  necessitated  a  very  wide 
pier  which  would  have  obstructed  the  channel  excessively  and  would 
have  required  very  costly  foundations.  The  Strauss  bascule  was  finally 
adopted  because  it  was  found  to  be  cheapest  in  first  cost,  that  is,  with- 
out operating  machinery,  counterweights,  etc.,  which  may  not  have  to 
be  put  in  for  many  years.  The  only  parts  of  the  moving  mechanism 
which  had  to  be  ijrovided  are  the  trunnions  and  their  bearings,  and 
certain  connections  for  the  future  attachment  of  the  counterweight 
trusses. 

The  bridge  as  built  (Plate  XXVIII)  has  two  leaves,  each  175  ft. 
long  between  centers  of  trunnion  bearings  and  middle  pier.  Each 
leaf  acts  as  a  single  span  when  closed.  All  four  tracks  are  carried 
between  the  two  trusses,  which  are  60  ft.  apart  on  centers  and  45  ft. 
deep.     The  trusses  are  fully  riveted. 

Each  abutment  consists  of  four  rectangular  piers,  connected  in 
pairs  longitudinally  and  transversely  by  arched  concrete  walls,  and 
thus  forming  a  rectangular  enclosure  which  will  contain  the  counter- 
weights and  hide  them  from  view  when  the  bridge  is  closed.  The  two 
transverse  walls  support  a  70-ft.  plate-girder  span  which  now  carries 
the  tracks  and,  ultimately,  will  carry  the  operating  machinery.  The 
intermediate  pier  consists  of  two  circular  shafts  joined  by  a  light 
concrete  arch.  The  abutments  and  pier  are  architecturally  treated  to 
conform  in  appearance  to  the  adjoining  viaduct  piers  (Fig.  42). 

All  piers  were  sunk  by  the  pneumatic  process,  with  timber  caissons, 
to  depths  of  from  30  to  105  ft.  below  mean  high  water.  At  the  water 
level  the  concrete  is  protected  with  granite  facing  in  a  manner  similar 
to  that  adopted  for  the  piers  of  the  Little  Hell   Gate  Bridge.     The 
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Fig.   42. — Bronx  Kill  Bridre. 
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Stool  trumli(ln^.  ;in>iiii(l  wliicli  the  trusses  will  turn,  are  of  exceptional 
size,  hoiiif^-  ."in  in.  in  (iinmctor  and  lOJ  ft.  loii;^.  The  tracks  rest  on 
oju'ii  tio  llooriuii-  sccurt'ly  fastened  to  the  steel  floor  system. 

The  bridfi,o  wns  erected  on  heavy  timber  falsework,  one  span  at  a 
time.  2r)(3  000  ft.  l).m.  of  hnnhor  having  been  used  in  each  span.  The 
monibors  wore  handled  with  the  50-ton  derrick  car  and  a  locomotive 
crane,  and  tlic.-o  wore  used  for  tlie  erection  of  the  adjoining  viaducts. 
T'lroction  was  started  in  August.  1!)14,  and  completed  in  March,  1915. 
Tho  princi])al  quantities  in  this  bridge  are: 

Masonry     2«  oiK)   cu.  yd. 

Steelwork : 

Two  TO-ft.  plate-girder  spans 470   tons 

Two   175-ft.  bascule  spans    (exclusive  of 

machinery    and    counterweights)....         3  105  tons 

Total    3  575   tons 

Counterweights,  oi;erating  machinery,  and  their  supports  are  es- 
timated to  require  about  750  tons  of  steel  and  1  300  cu.  yd.  of  concrete 
tilling.  The  cost,  exclusive  of  counterweights  and  operating  machinery, 
but  inclusive  of  tracks,  was  approximately  $S00  000. 

Bronx  Viaduct  North  of  132d  Street. 

General  Conditions. — The  design  and  construction  of  the  portion 
of  The  New  York  Connecting  Railroad  designated  as  "Bronx  Viaduct 
north  of  132d  Street",  extending  from  132d  Street,  where  the  New 
Havfu  and  tho  Connecting  Koads  converge,  to  the  crossing  over  the 
Now  York  and  Harlem  Railroad,  about  380  ft.  north  of  141st  Street 
(Plate  XXIX),  presented  considerable  difficulties  on  account  of  the 
unfavorable  character  of  the  soil  and  the  proximity  of  the  four  New 
Haven  tracks,  with  a  siding  along  the  eastern  side  of  the  New  York 
Connecting  Railroad  from  132d  Street  to  the  De  La  Vergne  Machine 
^^'orks  at  137th  Street.  The  two  easterly  New  Haven  tracks  were 
originally  located  alongside  the  two  westerly  tracks  and,  therefore, 
had  to  be  shifti'd  eastward,  to  make  place  for  the  construction  of 
tho  two  westerly  Now  York  Connecting  tracks.  This  had  to  be  done 
without  interruption  of  traffic  on  the  New  Haven  tracks.  Borings 
ali>ng  this  entire  section   indicated  a  top  layer  of  gravel,  coarse  sand. 
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and  ashes,  from  6  to  12  ft.  deep,  below  this  a  soft  stratum  of  silt  and 
mud  from  12  to  25  ft.  deep,  resting  on  a  harder  stratum  of  sand  and 
gravel.  Only  under  the  easterly  tracks  near  130th  Street  does  the 
rock  rise  to  a  few  feet  below  the  surface. 

In  1906,  or  about  6  years  previous  to  the  construction  of  the 
Connecting'  Railroad,  the  New  Haven  Railroad  had  raised  its  four 
tracks  on  an  embankment,  65  ft.  wide  at  the  top  and  about  20  ft. 
above  the  original  ground  surface.  This  embankment  consists  of 
cinders,  earth,  gravel,  and  a  great  quantity  of  large  boulders;  the 
latter  have  gradually  settled  several  feet  into  the  original  soft  ground 
and  have  caused  it  to  heave  on  the  sides.  Subsequently,  this  embank- 
ment had  to  be  widened  to  95  ft.  at  the  top,  when  the  two  easterly 
tracks  were  shifted  to  their  present  location.  The  vicinity  of  this 
portion  of  the  line  is  built  up  mainly  with  industrial  buildings,  for 
which  reason  no  particular  consideration  had  to  be  given  to  the  archi- 
tectural treatment  of  the  structure. 

Embankment  Portion. — On  the  portion  of  the  Bronx  Viaduct 
between  the  crossing  over  the  New  York  and  Harlem  Railroad  and 
138th  Street,  it  was  found  most  economical  to  place  the  four  New  York 
Connecting  tracks  on  fill  between  reinforced  concrete  retaining  walls, 
the  streets  being  crossed  on  deck  plate-girder  spans.  The  two  retaining 
walls  which  enclose  the  fill  imder  the  two  westerly  tracks — Nos.  5  and 
6 — rest  directly  on  the  New  Haven  embankment.  They  are  connected 
by  transverse  walls,  about  20  ft.  apart,  and  thus  form,  in  each  block 
between  streets,  a  monolithic  cellular  box  without  bottom.  Its  maxi- 
mum height,  is  19  ft.  This  box,  mth  the  fill  between,  forms  a  compact 
unit  which  exerts  a  practically  uniform  pressure  of  not  more  than 
1;^  tons  per  sq.  ft.  on  the  embanlvment  beneath.  Settlements  of  the 
retaining  walls  were  expected,  but  they  can  have  no  serious  conse- 
quences. Since  their  completion  in  1914  a  maximum  settlement  of 
S  in.  has  been  observed,  without  any  sign  of  cracks  in  the  walls.  The 
abutments  of  the  street  crossings  are  independent  of  the  retaining 
walls,  and  rest  on  timber  piles.  This  plan  was  simple,  and  proved 
to  be  more  economical  than  any  other  that  could  have  been  used. 
Piles  under  the  retaining  walls  would  have  been  impracticable  on 
account  of  the  boulder  formation  of  the  New  Haven  embankment, 
and  the  expense  of  any  other  foundation  reaching  dowai  to  hard  soil 
would  have  been  excessive. 
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The  conditions  under  the  two  easterly  New  York  Connecting  tracks 
— Nos.  1  and  2 — were  ditferent.  There,  no  embankment  existed  on 
top  of  the  ori.niiial  surface.  The  easterly  retaining  wall  under  Track 
Xo.  1  was  carried  down  to  about  7  ft.  below  the  ground  surface  or 
2  ft.  beldw  the  probable  future  ground-water  level,  and  "was  placed  on 
timber  piles,  from  35  to  45  ft.  long,  driven  to  refusal  into  the  hard 
strata  of  sand  and  gravel.  The  niaxiimiin  pressure  per  pile  is 
approximately  20  tons.  The  westerly  retaining  wall  under  Track 
Xo.  2  was  to  have  been  placed  on  the  new  fill  between  the  original 
Xew  Haven  fiiibaiikiiient  and  the  retaining  wall  under  Track  No.  1. 
After  this  fill,  which  consists  largely  of  sand  and  loam  without 
boulders,  had  been  placed,  it  settled  considerably,  and  it  was  deemed 
inadvisable  to  place  the  wall  thereon.  Therefore,  hollow  steel  piles, 
12  ill.  ill  diameter  and  about  60  ft.  long,  with  cast-steel  shoes,  were 
driven  through  the  fill  into  the  hard  soil.  After  being  cut  off  at  the 
l)roper  elevation,  the  piles  were  filled  with  concrete.  The  wall  was 
tlicn  placed  on  top  of  these  piles.  The  maximum  pressure  per  pile 
is  45  tons.  To  prevent  any  lateral  motion  of  this  wall,  due  to  greater 
earth  pressure  on  the  east  side,  it  is  connected  to  the  wall  under 
Track  No.  1  with  steel  tie-rods  encased  in  concrete. 

Both  retaining  walls  under  Tracks  Nos.  1  and  2  are  of  L-shape 
and  are  stiffened  by  vertical  buttresses,  8  ft.  apart.  They  are  heavily 
reinforced  with  steel  rods.  This  portion  of  the  Bronx  Viaduct,  about 
1  173  ft.  long,  contains  approximately  16  000  cu.  yd.  of  earth  fill,  135  000 
lin.  ft.  of  timber  piles,  8  800  lin.  ft.  of  steel  piles,  12  000  cu.  yd.  of 
concrete  masonry,  and  855  tons  of  structural  .steelwork.  The  cost 
of  construction,  inclusive  of  tracks  but  exclusive  of  electrification, 
was  about  $230  per  lin.  ft.  of  4-track  road. 

Viaduct  Portion. — The  embankment  type  of  construction,  as  pre- 
viously described,  was  not  practicable  south  of  138th  vStreet,  because, 
on  account  of  the  greater  height,  the  foundation  pressures  would  have 
become  excessive.  The  plate-girder  type  of  viaduct,  with  concrete 
I)iers,  was  adopted  as  being  most  suitable  (Plate  XXIX).  The  spans 
are  generally  about  64  ft.  long,  except  over  tlie  streets,  where  they 
liad  to  be  from  72  to  112  ft.  The  piers  are  of  jtlain  rectangular  shape, 
with  simple  square  copings. 

To  be  safe,  the  foundations  for  the  piers  liad  to  go  down  through 
the  silt  to  the  hard  strata  of  sand  and  gravel  or  rock.      Pi](>s  would 
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have  been  the  least  expensive  foundation,  but,  in  view  of  the  con- 
siderable depth  of  soft,  yielding  material,  they  would  not  have  afforded 
sufficient  stability  against  lateral  forces  or  lateral  motion  which  might 
be  caused  by  any  disturbance  of  the  soft  ground  in  the  future  con- 
struction of  adjacent  foundations.  Furthermore,  piles  could  not  have 
been  driven  through  the  boulder  formation  of  the  New  Haven  embank- 
ment under  the  two  westerly  tracks.  Therefore,  the  more  expensive, 
but  securer  type  of  foundation,  consisting  of  two  cylindrical  con- 
crete caissons  under  each  pier,  was  adopted.  Tlie  cylinders  are  from 
10  to  15  ft.  in  diameter  and  were  sunk  partly  by  open  dredging,  and 
jiartly  by  the  pneumatic  process,  to  depths  of  from  12  to  55  ft.  below 
the  surface.  The  greatest  pressure  on  the  foundations  is  approxi- 
mately 8  tons  per  sq.  ft. 

A  deviation  from  the  foregoing  type  of  viaduct  was  necessitated 
at  133d  and  132d  Streets,  where  the  New  Haven  and  New  York  Con- 
necting Railroads  diverge.  On  account  of  insufficient  space  for  piers, 
it  was  necessary  to  frame  the  longitudinal  girders  of  the  two  westerly 
tracks  into  cross-girders  supported  by  steel  columns.  The  plate-girder 
viaduct  portion,  1 736  ft.  long,  contains  14  800  cu.  yd.  of  concrete 
masonry  and  7  080  tons  of  steel  work.  The  cost  of  construction  was 
about  $365  per  lin.  ft.  of  4-track  road. 

Bronx  Viaduct  South  of  132d  Street,  Randalls,  Wards, 
and  Long  Island  A^iaducts. 

The  general  conditions  which  affected  the  design  of  the  viaducts 
in  the  Bronx  section  south  of  132d  Street,  on  Randalls  and  Wards 
Islands,  and  on  Long  Island  north  of  Lawrence  Street,  are  similar,  with 
the  exception  of  the  character  of  the  soil.  The  fact  that  these  four 
sections  are  prominently  exposed  to  view  called  for  a  uniform  and 
pleasing  appearance,  in  harmony  with  the  monumental  character  of 
the  arch  bridge  which  they  flank  on  both  sides.  The  type  of  viaduct 
adopted  consists  of  deck  plate-girder  spans  resting  on  arched  concrete 
piers.  The  span  length  varies  from  72  to  94  ft.,  except  for  a  single 
span  over  Van  Alst  Avenue  in  Long  Island,  which  is  130  ft.  The 
lengths  chosen  are  the  most  economical,  except  on  the  Long  Island 
viaduct,  where  they  were  largely  determined  by  the  location  of  the 
many  streets  which  had  to  be  crossed. 
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On  the  Bronx  Viadnct  tlic  piers  rest  on  cylinder  caissons,  from 
15  to  18  ft.  in  diameter,  one  under  each  leg  of  the  pier.  These  cylin- 
ders \vere  sunk  partly  by  o]>en  dredging,  and  partly  under  air  pressure, 
to  depths  varying  fnnn  4.")  to  GO  ft.  below  the  surface,  through  soft 
silt  and  mud  to  a  hard  stratum  of  sand  and  gravel  or  solid  rock 
(Plate  XXIX).  On  all  other  viaduct  sections  the  piers  have  ordinary 
footings  built  in  open  excavation.  On  the  Long  Island  Viaduct, 
wliere  the  soil  has  various  formations  of  sand,  g'ravel,  boulders,  loam, 
and  clay,  i)artly  saturated  with  water,  which  is  likely  to  be  drained 
off,  all  the  footings  had  to  be  spread  considerably  so  as  to  decrease 
the  bearing  pressure  to  the  safe  value  of  about  2J  tons  per  sci.  ft.,  and 
had  to  go  to  de]iths  as  great  as  34  ft.  below  the  surface. 

On  Wards  and  Randalls  Islands  the  piers  have  comparatively 
shallow  foundations,  either  on  solid  rock,  or  on  hard  strata  of  sand 
and  gravel,  or  hardpan,  wliich  permitted  ]n-cssures  of  4  tons  per 
sq.  ft.  and  greater. 

The  proximity  of  the  railroad  to  residential  districts  and  to  public 
parks  made  it  desirable  to  restrict  the  noise  from  trains.  Embank- 
ments between  retaining  walls  were  out  of  the  question  on  account 
of  the  great  height.  Had  soil  conditions  been  favorable  throughout, 
a  viaduct  consisting  of  a  series  of  solid  concrete  arches  would  have 
been  most  suitable,  as  regards  appearance  and  restriction  of  noise. 
This  type  is  expensive  in  first  cost,  but  is  more  durable,  and  less 
costly  to  maintain,  than  a  plate-girder  viaduct,  the  steel  superstruc- 
ture of  which  may  have  to  be  replaced  or  strengthened  at  some  future 
date,  and  will  require  frequent  painting.  Concrete  arches,  however, 
icipiire  solid,  unyielding  foundations,  in  order  to  prevent  dangerous 
and  unsightly  cracks,  and  such  foundations  could  not  be  had  on 
every  i-er-tidii  at  reasonable  cost. 

Comparison  of  Three  Designs  of  Plate-Girder  Viaducts. 

.  Fig.  44  shows  typical  ])ortions  of  two  preliminary  designs  for  the 
plate-girder  viaducts,  and  the  design  adopted.  Fig.  44(a)  represents 
the  typical  American  trestle  viaduct  with  alternate  tower  spans,  40 
ft.  long,  and  intermediate  .spans  of  80  ft.  This  type,  the  advantages 
of  which  were  cheapness  and  rapidity  of  erection,  is  now  gradually 
being  displaced  by  types  of  greater  rigidity  and  durability,  and  better 
appearance.      It    would    have   been    inappropriate   and    inadequate   for 
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tlu-  iii)i)i(iac'lK's  to  the  llcll  Gate  Bridfje.  Fij?.  44(6)  represents  the 
desifju  made  by  Mr.  Lindentlial  in  190(».  It  consists  of  plate  girders, 
of  nearly  uniform  span  leng-th  of  from  70  to  !S0  ft.,  resting  on  steel 
rocker  bents.  To  resist  the  longitudinal  forces  from  braking  and 
traction  solid  masonry  piers  (stability  piers)  were  to  be  provided  at 
about  every  tenth  span.  This  design  is  superior  in  general  appearance 
to  the  trestle  design.  The  stability  piers  convey  the  impression  of 
rigidity,  and  give  opportunity  for  architectural  treatment.  The  arch 
form  selected  for  the  steel  rocker  bents,  although  somewhat  more 
expensive,  is  more  pleasing  than  the  ordinary  two-column  bent  with 
single  intersection  diagonals.  This  type  of  viaduct  is  also  stifFer, 
in  the  longitudinal  direction  at  least,  than  the  trestle  type.  Fig.  44(c) 
represents  the  type  tinally  adopted,  with  concrete  piers.  It  is  superior 
to  the  other  two  types  in  appearance,  rigidity,  and  durability,  and  is 
less  costly  to  maintain. 

A  comparison  of  estimated  costs,  with  the  prices  prevailing  at 
the  time  the  design  was  made,  showed  that,  for  an  average  height 
of  viaduct  of  100  ft.  on  tangent,  the  steel  trestle  design  would  have 
been  about  20%  cheaper,  and  the  design  with  steel  rocker  bents  about 
10%  cheaper,  than  the  adopted  design.  On  a  3°  curve  the  saving 
in  first  cost  would  have  been  only  15%  and  5%,  respectively,  as  the 
centrifugal  force  of  the  trains  requires  additional  material  in  the 
steel  bents  and  towers,  but  not  in  the  masonry  piers.  For  heights 
of  viaducts  of  less  than  100  ft.,  the  differences  in  cost  are  correspond- 
ingly less.  With  the  high  prices  of  steel  prevailing  at  present,  there 
would  be  little,  if  any,  saving  in  favor  of  the  steel  trestle  type. 

The  arched  concrete  piers  mark  a  radical  departure  from  the 
ordinary  solid  square  concrete  piers  with  plain  surface  and  simple 
square  coping.  The  rectangular  body  of  the  pier  proper  is  only  6  ft. 
thick,  from  the  coping  down,  but  is  reinforced  by  four  buttresses 
which  have  a  batter  of  1 :  15.  These  piers  convey  the  impression  of 
elegance  and  yet  of  great  rigidity.  The  appearance  is  enhanced  by 
the  massive  and  architecturally  elaborate  coping  of  cornices  and 
mouldings. 

The  concrete  is  made  of  1  part  Portland  cement,  2  parts  sand  and 
4  parts  gravel  or  broken  stone,  and  is  reinforced  with  steel  rods, 
vertically  and  horizontally,  against  shrinkage  and  temperature  cracks. 

The    plato-girdor    spans,    typical    details    of    which    are    sho\\^l    in 
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Plate  XXX,  present  no  unusual  features,  except  for  the  cast-steel 
bearings,  which  were  designed  to  keep  the  reaction  from  one-sided 
loading  as  close  as  possible  to  the  center  of  the  pier.  Special  attention 
was  also  given  to  efficient  web  splices. 

Erection  of  Plate-Girder  Viaducts. 

The  erection  of  the  viaducts  presented  no  unusual  difficulties,  and 
the  great  number  of  nearly  uniform  spans,  with  the  large  tonnage 
involved,  aiforded  opportunity  for  economical  and  rapid  erection. 
The  Bronx  and  Randalls  Island  Viaducts,  for  which  the  McClintic- 
Marshall  Construction  Company  had  the  contract,  were  erected  by 
a  50-ton  steel  derrick  car,  in  some  operations  assisted  by  a  50-ton 
locomotive  crane  (Fig.  45). 

All  material  for  these  viaducts  was  delivered  over  temporary  tracks 
laid  on  the  finished  portion  of  the  viaduct.  Where  possible,  the  girders 
were  shipped  and  erected  riveted  up  in  pairs  at  the  shop.  A  remark- 
able record  was  made  on  March  8th,  1915,  when,  after  careful  prepa- 
ration, twenty-two  single-track  spans,  with  an  aggregate  weight  of 
1  504  tons,  were  put  in  place  in  a  single  8-hour  day. 

A  somewhat  different  method  was  used  in  the  erection  of  the 
Wards  and  Long  Island  Viaducts,  for  which  the  American  Bridge 
Company  had  the  contract.  After  the  Hell  Gate  Arch  had  been  closed, 
and  as  the  temijorary  back-stays  were  being  dismantled,  the  plate 
girders,  about  50%  of  which  had  formed  part  of  the  back-stays  and 
counterweights,  were  distributed  on  the  ground  along  the  viaducts 
by  using  a  locomotive  crane  running  on  a  temporary  track.  The  two 
G5-ton  steel  travelers,  which  had  previously  been  used  for  the  erection 
and  dismantling  of  the  back-stays  of  the  arch  bridge,  were  set  up 
at  the  ends  of  the  viaducts  and  proceeded  toward  the  Hell  Gate  Bridge, 
raising  the  girders  singly  from  the  ground  (Fig.  46). 

Quantities,  Weights,  and  Cost  of  Viaducts. 
Table    6   gives   the   principal    dimensions   and   quantities    and   the 
cost  per  linear  foot  for  the  different  viaduct  sections. 

The  weight  of  the  steelwork  (exclusive  of  I-beams  in  flooring), 
in  pounds  per  linear  foot,  of  single-track  plate-girder  spans,  can  be 
expressed  approximately  by  the  formula : 

^  =  350  —  17  Z 
for  spans  lengths  of  I  =  72  to  94  ft. 
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Fig.  46. — Ekkction  of  Long  Island  Viaduct. 
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TABLE  G. — Dimensions,  Quantities,  Cost,  Etc.,  op  Viaducts. 


Sectiou. 

Bronx 

Viaduct  South 

of  132d  St. 

Randalls 

Island 
Viaduct. 

Wards  Island 
Viaduct. 

Long  Island 
Viaduct. 

Length  of  section,  in  feet 

Approximate  average  height  ) 
of   rail  above  Kround  sur-  >■ 
fai-e.  in  feet ) 

1  071 

60 

Caissons  45  to 
60  feet  deep. 

89.0 

17  500 

4  375 

$445 

1  965 

80 

Mostly  shallow 

and  narrow 

footinss. 

82.0 

29  800 
7  610 

$370 

2  654 

110 

Mostly  shallow 

and  narrow 

footings. 

88.5 

60  300 
11  190 

$445 

2  868 
90 
Mostly  deep 

Avt»iaKf  span  length,  in  feet. . 
Total  quantity  of  concrete  in  1 

piers,  in  cubic  yards f 

Total    weight   of  steelwork,  I 

footings. 
85.5 

77  900 
11  980 

Appi-oximate  cost  per  linear  | 
foot    of   viaduct,  inclusive  V 
of  tracks ) 

$500 

Deck  Truss  Bridges  of  Long-  Island  Eastern  Viaduct. 

Potter  Avenue,  and  the  streets  between  Steinway  and  Flushing 
Avenues,  in  Long  Island  City,  are  crossed  by  deck-truss  bridges 
aggregating  1  231  ft.  in  length.  On  account  of  excessive  span  length 
and  limited  height,  concrete  arches,  such  as  were  built  over  the  other 
streets  on  the  Long  Island  Eastern  Viaduct,  would  have  been  imprac- 
ticable. Potter  Avenue,  which  is  80  ft.  wide,  is  crossed  by  the  rail- 
road at  an  angle  of  only  19  degrees.  The  distance  between  street  lines 
in  the  direction  of  the  tracks  is  about  250  ft.,  and  the  rails  are  only 
.")()  ft.  above  street  level.  A  skew  steel  bridge,  about  270  ft.  long, 
with  abutments  parallel  to  the  street  lines,  would  have  been  a  very 
unsatisfactory  design,  and  probably  as  expensive  as  the  one  ado^jted, 
although  lighter  in  steelwork. 

The  bridge,  as  built,  consists  of  three  square  deck-truss  spans,  each 
13.5  ft.  long  (Plate  XXXI  and  Fig.  47).  The  two  ends  are  supported 
on  concrete  abutments,  which  form  a  monolithic  structure  with  the 
embankment  side-walls.  Two  heavy  steel  rocker  bents,  each  con- 
sisting of  two  columns  and  a  cross-girder,  form  the  intermediate 
supports.  Two  of  the  columns  are  placed  in  the  center  of  the  street, 
on  permission  secured  from  the  city.  Each  span  has  four  trusses, 
one  for  each  track.  They  are  18J  ft.  deep,  and  13  ft.  9  in.  apart  on 
centers.  The  trusses  have  fixed  bearings  on  one  abutment  and  expan- 
sion bearings  on  the  other,  the  intermediate  steel  bents  acting  as 
rockers.  The  longitudinal  forces  from  all  spans,  therefore,  is  trans- 
mitted to  one  end,  and  all  temperature  expansion  takes  place  toward 
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the  other  end.  Over  the  steel  bents  the  trusses  are  supported  at 
their  top  chord  points  by  east-steel  pin  bearings,  which  in  turn  are 
supported  by  the  cross-girders  of  the  bent.  Each  of  two  adjoining 
trusses  turns  independently  on  its  bearing,  and  the  bottom  chord 
member  opposite  the  bearing  is  free  to  slide  at  its  end,  so  that  the 
trusses  act  as  simple  spans. 

The  columns  are  provided  with  pin  bearings  at  the  bottom,  so 
as  to  be  free  from  bending  stresses  from  longitudinal  forces  or  tem- 
perature expansion  of  the  trusses.  Transversely,  however,  the  columns, 
with  the  cross-girders,  form  rigid  portals  which  transmit  the  reactions 
from  the  lateral  forces  to  the  foundations.  The  cross-girders  are 
double  web-girders,  10  ft.  deep,  and  weigh  130  tons  each.  They  were 
shipped  in  three  sections.  The  floor-beams  rest  on  top  of  the  trusses, 
and  the  stringers  are  framed  into  them.  To  avoid  stresses  in  the 
floor-beams,  due  to  unequal  deflections  of  the  trusses,  all  floor-beams 
except  those  over  supports  are  interrupted  between  the  two  interior 
trusses. 

The  design  of  the  truss  bridges,  between  Steinway  and  Flushing 
Avenues,  was  governed  by  similar  conditions,  and  is  similar  in  every 
respect  to  that  of  the  Potter  Avenue  Crossing,  except  that  all  inter- 
mediate supports  are  solid  concrete  piers  instead  of  steel  bents,  and 
are  on  railroad  property.  The  spans  vary  in  length  from  120  ft. 
to  105  ft.  11  in.  The  depth  of  the  trusses  is  only  16  ft.  4  in.,  which 
was  limited  by  the  required  minimum  height  of  16  ft.  above  the  street 
level.     The  trusses,  therefore,  are  luiusually  heavy. 

All  these  truss  bridges  were  erected  on  heavy  timber  bents  by 
an  80-ton  steel  traveler  (Fig.  48).  Erection  was  started  in  October, 
1914,  and  completed  in  April,  1915.  Potter  Avenue  Crossing  con- 
tains approximately  4  000  cu.  yd.  of  concrete  masonry  and  3  722  tons 
of  steel  work,  and  the  cost  of  construction,  inclusive  of  tracks,  was 
about  $275  000,  or  $675  per  lin.  ft.  The  Steinway-Flushing  Avenue 
Crossing  contains  approximately  7  600  cu.  yd.  of  masonry  and  6  526 
tons  of  steelwork,  and  its  cost  of  construction,  inclusive  of  tracks, 
was  about  $500  000,  or  $565  per  lin.  ft. 

Embankment  Portion  of  Long  Island  Eastern  Viaduct. 
Except  for  the  steel  truss  bridges  over  certain  streets,  as  described 
before,    the   Eastern   Viaduct,    which    extends    from   Lawrence    vStreet 
to   Stemler   Street   in   Long  Island   City,   a  total  length   of  3  500   ft., 
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Fig.  4S. — Erkctio.n'  of  Potter  Avknvk  Crossing. 
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consists  of  a  novel  type  of  embankment,  from  30  to  G5  ft.  in  height 
above  {ground.  Seven  streets  are  crossed  by  reinforced  concrete  arches 
which  form  a  monolithic  structure  with  the  retaining  walls  of  the 
embankment.     (Plate  XXXI   and  Fig.  48.) 

The  embankment  consists  of  two  longitudinal  reinforced  concrete 
retaining  walls,  connected  and  held  in  relative  position  by  horizontal 
steel  tie-rods,  which  are  embedded  individually  in  a  shell  of  concrete 
for  protection  against  corrosion.  These  rods  resist  the  pressure  from 
the  earth  till.  For  additional  stability,  the  two  walls  are  connected 
by  thin  cross-walls,  about  50  ft.  apart.  The  arches  consist  of  a  com- 
paratively thin  barrel  reinforced  by  vertical  ribs.  The  fill  is  mixed 
clay,  sand,  and  gravel,  carefully  placed  in  12-in.  crowTied  layers,  and 
thoroughly  tamped,  so  as  to  form  a  uniform  compact  mass  which 
exerts  a  comparatively  small  pressure  on  the  retaining  walls.  It  is 
thoroughly  drained  by  chimneys  of  rock  packing  which  extend  along 
the  walls  from  the  top  of  the  fill  to  the  weep-holes  at  the  bottom. 

The  walls  and  arches  have  perfectly  plain  surfaces  and  a  simple 
coping.  Xo  attempt  has  been  made  at  architectural  treatment,  because 
the  territory  in  the  vicinity  is  being  built  up  mostly  by  industrial 
buildings  which  hide  that  portion  of  the  railroad  from  prominent 
view.  This  embankment  construction  is  considerably  cheaper  than 
the  ordinary  type,  which  consists  of  a  fill  between  two  independent 
gravity  walls.  For  a  height  of  50  ft.  the  latter  type  would  have  cost 
from  30  to  40%  more. 

A  plate-girder  viaduct  with  concrete  piers,  such  as  was  used  north 
of  Lawrence  Street  and  over  the  island,  would  also  have  been  more 
expensive  than  the  adopted  type  of  embankment.  For  heights  exceed- 
ing about  05  ft.,  however,  the  plate-girder  viaduct  became  cheaper. 

The  embankment  contains  approximately  TO  000  cu.  yd.  of  concrete 
masonry,  160  000  cu.  yd.  of  earth  fill,  and  1  000  tons  of  steel  rein- 
forcement. 

The  cost  of  construction  per  linear  foot  of  embankment,  inclusive 
of  tracks,  was  approximately  $470  for  a  height  of  65  ft.  and  $280  for 
a  height  of  35  ft.,  or  (6.5  h  —  50)  dollars  per  square  foot  of  elevation,  /; 
being  the  height  of  rail  above  the  ground  line. 

13. — Track  Floor  Construction. 
The  franchise  required  a  ballasted  roadbed  on  the  Bronx  Section, 
north  of  Bronx  Kill,  and  on  the  Long  Island  Section,  south  of  Hell 
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Gate.  A  solid  ballasted  floor,  owing  to  its  advantages  over  the  open 
tie  floor,  namely,  more  uniform  roadbed,  less  noise  and  impact,  smaller 
cost  of  maintenance,  and  greater  safety  in  case  of  derailment  or 
fire,  was  adopted  throughout,  however,  except  for  the  bascule  spans 
of  the  Bronx  Kill  Bridge,  although  it  involved  a  considerable  additional 
initial  expenditure  over  the  open  tie  floor. 

Various  types  of  solid  floor  construction  were  considered.  Previous 
to  construction  a  wooden  floor,  consisting  of  framed,  treated  ties,  laid 
closely  together,  appeared  to  be  most  suitable,  owing  to  its  lightness 
and,  as  it  seemed  then,  its  comparatively  small  cost.  By  the  time  con- 
struction started,  however,  the  prices  of  framed  and  treated  timber 
had  increased  considerably,  and  a  more  durable  and  fireproof,  although 
somewhat  heavier  and  slightly  more  expensive,  concrete  floor  construc- 
tion was  adopted. 

A  reinforced  concrete  slab,  in  which  the  compressive  strength  of 
the  concrete  and  the  bond  between  the  steel  rods  and  the  concrete 
are  relied  on  to  resist  the  stresses,  was  not  considered  advisable,  in 
view  of  the  limited  experience  as  regards  the  durability  of  such  a 
construction  under  the  heavy  impact  to  which  the  floor  would  be 
subjected. 

The  type  finally  adopted  (Fig.  49)  consists  of  8-in.  I-beams,  about 
15  in.  from  center  to  center,  placed  across  the  two  stringers  or  girders 
of  each  track.  These  beams  are  tied  together  near  the  bottom  with 
f-in.  tie-rods,  about  10  in.  apart,  and  thus  form,  by  themselves,  a  com- 
paratively rigid  steel  skeleton.  The  axle  load  of  70  000  lb.,  plus  200% 
impact,  was  assumed  as  distributed  over  three  beams,  or  an  equivalent 
length  of  track  of  twice  the  height  from  top  of  rail  to  top  of  I-beams. 

The  concrete,  which  is  placed  between  and  from  2^  to  3^  in.  above 
the  beams,  but  flush  with  the  bottom  surface  of  the  beams,  forms 
merely  an  encasement.  To  prevent  transverse  temperature  cracks 
at  the  top  surfaces,  the  concrete  is  further  reinforced  by  longitudinal 
rods  resting  on,  and  tied  to,  the  steel  beams.  The  ballast  is  held  on 
each  side  of  the  track  by  parapet  walls,  which  are  also  well  reinforced 
against  temperature  or  shrinkage  cracks.  The  I-beams  served  as  ties 
for  the  construction  tracks,  and  thereby  saved  the  cost  of  temporary 
timber  ties.  Plain  steel  sheets,  I  in.  thick,  wedged  against  the  bottom 
of  the  beams,  constituted  simple  forms  for  the  bottom  surface  of  the 
concrete.      The    space   between   the    concrete    troughs    is    utilized    for 
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footwalks  and  for  the  six-duct  concrete  conduit  construction.  Expan- 
sion joints  in  the  concrete  troughs  are  provided  at  all  expansion  joints 
in  the  steel  superstructure.  These  joints  are  covered  by  T-shaped 
steel  dams,  bedded  on  a  thin  layer  of  asphalt. 

Care  was  taken  to  secure  a  dense  concrete  by  using  a  mixture  of 
1  part  Portland  cement,  2  parts  of  well-graded  sand,  and  4  parts  of 
broken  limestone,  the  latter  composed  of  75%  of  |-in.  stone  and  25% 
of  screenings.  This  concrete,  tested  on  4-in.  cubes,  showed  an  average 
compressive  strength  of  about  3  500  lb.  per  sq.  in.  at  the  age  of  28 
days.  The  top  of  the  concrete  slab  was  carefully  troweled  to  a  smooth 
finish.    No  water-proofing  material  was  placed  thereon. 

For  efficient  drainage,  the  top  surface  was  given  a  transverse  slope 
of  1^  in.  in  10  ft.,  and  4-in.  cast-iron  drain  pipes,  with  strainers,  were 
placed  about  15  ft.  apart.  On  the  street  crossings,  these  pipes  discharge 
into  steel  gutters  which  lead  to  6-in.  down-spouts  at  the  piers  or  abut- 
ments. 

The  sidewalks  and  the  walks  between  the  tracks  are  of  2-in.  wooden 
planks  resting  on  extensions  of  the  I-beams.  The  flooring  contains,  per 
linear  foot  of  4-track  structure,  1.5  cu.  yd.  of  concrete,  1  200  lb.  of 
steel,  and  40  ft.  b.  m.  of  timber,  and  cost  about  $53  per  lin.  ft.  The 
I-beams  were  furnished  and  erected  by  the  contractors  for  the  steelwork. 
The  concrete  and  the  timber  flooring  were  placed  on  contract  by  Fraser, 
Brace  and  Company  and  The  Snare  and  Triest  Company. 

14.— Engineering  Organization. 

The  'New  York  Connecting  Railroad  has  been  built  under  the  direc- 
tion of  Mr.  Samuel  Eea  as  President  and  Mr.  A.  T.  County,  Assistant 
to  the  President.  Mr.  Gustav  Lindenthal,  Consulting  Engineer  and 
Architect,  prepared  the  plans  for  the  East  River  Bridge  Division,  and, 
as  Chief  Engineer,  directed  their  execution.  During  construction 
the  Chief  Engineer  was  assisted  by  an  engineering  staff  of  ninety-five 
members. 

O.  H.  Ammann,  M.  Am.  Soc.  C.  E.,  Assistant  Chief  Engineer,  had 
general  charge  of  the  office,  field,  and  inspection  work,  H.  W.  Hudson, 
M.  Am.  Soc.  C.  E.,  Construction  Engineer,  was  in  direct  charge  of 
the  field  operations,  in  which  he  was  assisted,  in  the  earlier  stages  of 
the  work,  by  three  Resident  Engineers,  George  W.  Philips,  Assoc.  M. 
Am.  Soc.  C.  E.,  R.  T.  Robinson.  Assoc.  M.  Am.  Soc.  C.  E.,  and  S.  D. 
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I  Iced.  Assoc.  M.  Am.  Soc.  C.  E.,  and  later  by  Mr.  IS.  D.  Heed  as 
As>istiiiit  C'unstructioii  Eiigiuoer.  D.  B.  Steimnan,  Assoc.  M.  Am. 
Soc.  C.  E.,  Special  Assistant  Eng-ineer,  attended  to  computatious  and 
strain  mcasurcnuMits,  aud  J\lr.  W.  A.  Cuenot,  Assistant  Engineer, 
to  tJu'  drafting  and  checking:  of  the  plaus  and  shop  drawings. 

A  vcr.v  thorough  inspection  was  exercised  over  all  materials.  All 
conuiit  wliich  went  into  the  work  was  tested  at  the  Company's  labora- 
tory, in  charge  of  I^fr.  G.  B.  MacWhinney,  Assistant  Engineer.  The 
steel  was  tested  aud  inspected  at  the  mills  and  at  the  various  shops 
by  a  corps  of  fifteen  inspectors,  directed  successively  by  Mr.  J.  C. 
Xaegeley,  as  Engineer  of  Inspection,  and  Messrs.  William  E.  Crane 
and  R.  E.  McGough,  as  Chief  Inspectors. 

Cunclu.'<ion. — Some  of  the  broader  engineering  questions  which 
suggest  theniselves  in  the  design  and  execution  of  the  structure  form- 
ing the  subject  of  this  paper  may  be  summarized  as  follows: 

A  great  engineering  work  cannot  be  spontaneously  created  in  its 
final,  perfect  form,  but  has  to  grow  and  develop  gradually,  in  its 
entirety  as  well  as  in  its  constituent  parts.  Although  the  layman  can 
only  judge  such  a  work  in  the  light  of  an  accomplished  fact,  the 
engineer  must  ever  be  conscious  that  it  is  only  through  extensive  and 
laborious  jireliminary  studies,  and  untiring  efforts  to  improve,  that 
he  can  hope  to  achieve  a  perfect  work. 

In  the  execution  of  a  great  and  complex  engineering  or  scientific 
undertaking  collaboration  of  experts  in  various  fields  is  essential,  but 
a  great  structure  of  monumental  character  must  be  the  product  of  an 
individual  creative  and  directive  mind. 

A  great  structure  cannot  be  the  result  of  a  set  of  rules  aud  specifi- 
cations, nor  of  elaborate  mathematical  computations.  Such  a  work 
reciuires  wide  experience  and  sound  judgment,  and  therefore,  should 
be  entrusted  only  to  engineers  of  high  professional  attainments  and 
ici>utation. 

Throughout  this  paper  the  importance  of  rigidity  in  bridge  con- 
struction has  been  pointed  out.  Rigidity  insures  greater  durability 
and  safety.  There  are  remarkable  examples  of  structures  which  have 
stood  up  under  excessive  strains  under  which  they  would  have  failed 
had  it  not  been  for  the  rigidity  of  their  members  or  connections. 
Large  bridges  must  be  built  for  generations  to  come.  Engineers  to-day 
cannot   afford   to   build   important    structures   cheaply,   to   serve   their 
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purpose  for  the  time  being,  and  incur  the  risk  of  having  to  replace 
them  after  a  short  period  of  usefulness. 

Emphasis  has  been  laid  on  the  appearance  of  the  structures 
described.  Engineering  structures  are  still  regarded  by  many  engi- 
neers as  mere  works  of  utility,  which  deserve  no  consideration  in 
architectural  or  artistic  treatment.  ■  So  long  as  this  opinion  prevails, 
the  Engineering  Profession  will  not  lift  itself  to  a  higher  plane,  and 
it  is  even  running  the  risk  of  being  relegated  to  second  place — or 
after  the  architect — in  the  creation  of  such  monumental  structures 
as  properly  belong  in  its  domain. 
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Caixllation  of  Dead-Load,  Livk-Load,  and  TE.\irKKATUuE  Stresses  in 
Arch  Trlsses  of  Hell  Gate  Bridge. 

1. — Influence  Line  for  Horizontal  Koaction  of  2-Hinged  Arch. 

In  calculating  the  influence 
line  for  horizontal  reaction,  the 
following  analytical  method  has 
been  applied : 

-.4. — Calculation  of  Values  of 
A  s,  A  a,  and  A  I. —  If  the  arch 
is  considered  a  simple  span  fixed 
at  A  and  free  to  move  at  B 
(Fig.   50)   and   if.   for   any  one  p^^    ,q 

member  of  the  truss, 

A  ^  area  of  its  gross  section,  in  square  inches; 
s  =  its  length,  in  feet ; 
r  =  its    lever    arm    (perpendicular    distance    from    its    center    of 

moments,  C),  in  feet; 
2/  =  ordinate   of    its    center   of   moments,    above   line   connecting 
hinges,  in  feet; 

y 

S,  =  —  =  stress   in   the    member    due    to   the    sole   application    of   a 
r 

horizontal  force  of  unity  at  B,  and  E  =  modulus  of  elasticity 
(30  000  000  lb.  per  sq.  in.);  then  the  axial  deformation  of  the  member 
is,  in  feet, 

S,s 

''  =  Te <■> 

If  it  is  assumed  that  only  this  one  member  is  elastic,  the  angle,  a, 

between  the  lines,  A  C  and  B  C,  will  change  by  an  amount 

As 
A  a  ^  —  (arc  measure) (2) 

that  is,  the  elastic  line  is  a  triangle,  A^  C^  B^  (Fig.  50  (&))  the  sides 
of  which,  A^  Cj  and  B^  C^,  form  the  angle  A  a. 

The  point,  B,  moves  horizontally,  that  is,  the  span  length,  I,  changes 
by  an  amount,  in  feet,  equal  to 

Al  =  —  As  =  yAcx (3) 

r 

The  sum,  2  A  I,  of  the  values  A  I,  for  all  truss  members  gives  the 
total  horizontal  movement  of  the  point,  B,  due  to  the  sole  application 
of  the  horizontal  load  of  unity  at  B. 

Tables  7  and  8  show  the  calculation  of  the  values,  A  s,  A  a,  and 
A  I,  for  each  truss  member,  and  also  the  sura,  2  A  I.    For  convenience 
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TABLE    7. — DKTER3IINATION   OF   VALUES 


(1) 

(2) 

(3> 

(4) 

<S) 

Member. 

Length. 

Gi  OSS  Area. 

.4,  iu 

square  inches. 

Lever  Arm, 

Ordinate 
of  Center  of 

Stress 

s,  iu  feet. 

r,  in  feet. 

Moments, 
?/,  in  feet. 

s.=  l 

0-  2 

5K.131 

1  384 

—  106.00 

-1-  140.00 

-  1.3208 

2-  4 

54.012 

1  281 

-    88.86 

4- 149.60 

—  1.6835 

4-  6 

53.0-'2 

1  265 

—    75.92 

+  162.93 

—  2.1461 

6-  8 

50.173 

1  337 

—    67.76 

4-  180.00 

—  2.6562 

8-10 

48.484 

1  163 

—    62.38 

-f-  197.83 

—  3.1714 

a 

10-12 

46.971 

1  121 

-    57.39 

-1-313.43 

-3.7180 

12-14 

45.651 

1  080 

-    52.88 

-1-226.80 

—  4.2890 

K 

14-16 

44.542 

1  045 

-    48.92 

+  237.94 

—  4.8639 

O 

16-18 

43.661 

988 

-    45.60 

-.-  246.85 

-5.4134 

a 

18-20 

.      43.020 

946 

—    43.01 

+  253.54 

—  5.8949 

g 

20-22 

42.630 

929 

—    41.21 

+  258.00 

—  6.2606 

n 
o 

n 

22-22^ 

42.500 

929 

—    40.22 

+  260.22 

—  6.5669* 

1-  3 

43.571 

315 

+  110.16 

-1-    36.67 

+  0.3328 

3-  5 

44.511 

315 

-t-    88.67 

+    70.00 

4  0.7814 

5-  7 

45.800 

315 

-h    74.24 

+  100.00 

+  1.S470 

7-  9 

46.089 

829 

f    65.62 

+  126.67 

+  1.9303 

9-11 

45.273 

385 

+    59.54 

+  150.00 

+  2.5193 

11-13 

44.553 

385 

4-    54.18 

-1-  170.00 

+  3.1377 

a 

13-15 

43.936 

385 

+    49.60 

+  186.67 

+  3.7634 

o 

1.5^17 

43.424 

385 

+    45.85 

+  300.00 

+  4.3651 

a 
o 

17-19 

43.023 

385 

-1-    43.01 

+  210.00 

+  4.8826 

19-21 

42  7.33 

385 

-,-    41.11 

+  216.67 

+  5.2704 

fit 
o 

21-23 

42.558 

329 

+    40.16 

+  220.00 

+  5.4781 

H 

23-23  A 

42.500 

329 

-f-    40.22 

-r  320.00 

+  5.3739* 

in  calculation,  the  foregoing  values  have  been  determined  in  units  of 
1  000  E.     (See  Columns  6,  7,  8,  and  9  of  Tables  7  and  8.) 

B. — Determination  of  Elastic  Curve  of  Arch  Truss. — As  can  easily 
be  proved,  the  elastic  line,  A^  C\  B^  (Fig.  50  (6)),  assuming  again 
only  the  one  member  elastic,  is  identical  with  the  moment  diagram 
of  a  simjile  span,  A  B,  due  to  the  sole  application  of  a  vertical  load, 
^  a,  at  the  center  of  moments,  C ,  of  the  member  in  question. 

From  this  rule,  if  applied  to  every  truss  member,  it  follows  that 
the  elastic  line  of  the  arch  truss  due  to  the  sole  application  of  a  hor- 
izontal load  of  unity  at  B  is  identical  with  the  moment  diagram  due 
to  the  application  of  the  values,  A  a,  as  vertical  loads,  called  "Elastic 
Loads",  at  the  respective  centers  of  moments  of  the  truss  members. 

The  center  of  moments  of  a  chord  member,  and  therefore  the  cor- 
responding elastic  load,  A  a,  is  always  at  a  panel  point. 

The  center  of  moments  of  a  web  member,  in  general,  is  not  at  a 
X^anel  point,  nor  is  it  always  within  the  span  length,  and,  therefore,  it 
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J  s,  J  a,  and  A  i,  for  Chord  Members. 


i6) 

(7) 

(8) 

(9) 

\miR  \s 

1  000  i?  A  a 

1  OOOfiAi 

1  000  ^* 

=  1000^-^' 

_   1/ 
r 

1  000  f  A  s 

Notes. 

A 

r 

=  .V 1 000  i:  A  a 

—   58.57 

+ 

0.50.-. 

+ 

70.7 

*  Stresses  corrected    for  effect  of 

-   70.98 

+ 

0.799 

+ 

119.5 

double  diagouals  in  cenier  panel. 

—   88.26 

-4- 

1.163 

+ 

1S9.4 

-   99.6« 

+ 

1.471 

f 

264.8 

For  Member  22-32^: 

-  132.21 
-156.19 

+ 

2.119 
2.715 

+ 

+ 

419.3 
579.5 

^ =-6.46951 

+ 

T 

—  181.29 

+ 

3.428 

+ 

777.0 

Correction  (//=  1,P=  0)..  =—0.0970 

—  206.510 

+ 

+ 

4.229 
5.246 

+ 

1  006.3 
1  2!)5.0 

-239.22 

Stress   Si  =—6. .5669 

-268.08 

+ 

6.283 

-t- 

1  580.3 

-  287.29 

+ 

6.971 

4- 

1  798.6 

For  Member  23-23  ^: 

-  800.42 

+  2  X  3.735 

+  2 

X    971.9 

^ =+5.4699 

Y 

_2Ai 

Correction  ( ff  =  l.P=  0)...  =—0.0970 

1  000£-— -  = 
bottom  chords  = 

+ 

+ 

9  071.9 
18  143.8 

1  oiift  fSA/  for 

Stress  .S', =+5.3729 

+   46.04 

4- 

0.418 

+ 

15.3 

+  111.63 

+ 

1.259 

+ 

88.1 

-H  195.85 

+ 

2.638 

+ 

263.8 

+  270.41 

+ 

4.121 

+ 

522.0 

+  296.25 

+ 

4.976 

X 

746.4 

+  363.10 

+ 

6.702 

1   139.3 

+  429.48 

+ 

8.659 

+ 

1  616.3 

+  491.99 

+ 

10.781 

+ 

2  146.1 

+  545.62 

+ 

12.6(^6 

+ 

2  664.0 

+  584.99 

+ 

14.230 

+ 

3  083.2 

+  708.62 

+ 

17.645 

+ 

3  881.9 

+  693.95 

+  2X  8.627 
2  A  I 

+  2X1  897.5 

1  000  B  ^^  = 

+ 

18  003.9 

lOOOSS  A{  f 

or  top  chords  = 

+ 

36  127.8 

is  more  convenient  to  substi- 
tute for  the  load,  A  a,  applied 
at  the  center  of  moments  of  a 
web  member,  two  vertical  panel 
loads  as  follows: 

Take,  for  instance,  the  diag- 
onal, D  E  (Fig.  51),  the  center 
of  moments  of  which  is  at  C. 
The  elastic  line,  considerinp:  only 
I)  E  elastic,  is  a  broken  line,  A^ 
D^  E^  B^,  the  segments  of  which, 


I<^G.    .51. 

A^  Z>j  and  i?,  E^,  intersect  at  C^  vertically  below  C,  and  enclose  the 
angle,  A  a.    It  can  easily  be  proved  that  this  line  is  identical  with  the 

iiioint-nt  diaiirani  diic'  to  tlie  vertical  loads,  J  a'  =  z/ <t     — (n    +1) 

and   J    a"   =   A  "^  (—  —  "   )  •  applied  at  tlie  i)anel  points,  JJ  and  E, 
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TABLE  8. — Determination  of  Values, 


(I) 

(2) 

(3) 

(4) 

(5) 

Member. 

Length, 

Gross  area, 
A,  in 

Lever  arm. 

Ordinate 
of  center  of 

Stress, 

s,  in  teei. 

square  inehe.s. 

r,  in  feet. 

moments. 
y,  in  feei. 

r 

1-  2 

111.733 

235.5 

—       222.2 

-\-        169.6 

—  0.8535 

Ifl 

3-  4 

90.235 

228.4 

—       247.3 

-i-        224.9 

-0.9097 

5-  6 

75.937 

201.8 

—        321.8 

+        285.6 

—  0.8875 

§ 

7-  S 

68.197 

129.8 

-       401.5 

+        341.4 

—  0.8504 

9-10 

63.984 

129.8 

—       387.7 

4-        341.4 

—  0.8805 

^ 

11-12 

60.765 

129.8 

—       380.1 

4-        341.3 

—  0.8981 

Q 

13-14 

58.454 

129.8 

—       383.1 

+        341.3 

—  0.8907 

15-16 

56.971 

168.8 

—       405.2 

+        341.2 

—  0.8422 

17-18 

56.251 

16^.8 

—       465.6 

+        341.5 

—  0.7835 

19-20 

56.266 

196.0 

—        615.9 

+        341.5 

-  0.5545 

21-22 

57.011 

196.0 

—    1  113.6 

+        340.5 

—  0.3050 

23-22 

58.514 

129.8 

-1-  0.1335* 

0-  1 

140.000 

312.0)  So 

+         43.5 

4-          36.7 
-1-        195.3 

4-0.8628 

2-  3 

112.933 

255.0}  £ 

+       202.2 
-1-        237.3 

+  0.9fi56 

4-  5 

92.930 

235.0  1  ^ 

4-        237.3 

-1-  1.0013 

6-  7 

80.000 

151.0    <!j 

+        354.3 

4-        322.3 

+  0.9097 

8-  9 

71.163 

137.0 

-1-        549.6 

+        428.4 

-0.7795 

10-11 

63.430 

126.1 

4-        613.7 

4-        438.3 

\-  0.7154 

1:2-13 

56.800 

126.1 

+        732.2 

4-        457.1 

. 

-  0.6344 

2 

14-15 

51.273 

126.1 

-(-        993.7 

+        498.4 

-0.5016 

2 

16-17 

46.850 

126.1 

4-     1826.7 

4-       629.8 

- 

-0.3448 

18-19 

43.540 

126.1 

—  80  442.0 

—  12  410. 

- 

-0.1543 

g 

20-21 

41.3H3 

126.1 

—     1  556.5 

4-         94.6 

—  0.0608 

> 

22-23 

.  40.220 

126.1 

-        769.7 

+        230.0 

-0.3776t 

respectively.  In  the  foregoing,  x  is  the  horizontal  distance  of  C  from  A, 
and  n  is  the  horizontal  distance  of  the  panel  point,  D,  from  A,  in 
units  of  the  panel  length,  A- 

Similarly,  Fig.  52  shows  the  elastic  line,  if  the  vertical,  F  F',  is 
considered  elastic  only,  and  the  corresponding  elastic  loads  at  the 
panel  points,  F  and  G,  are: 


z/  a'  =  ^«[y—  ("  +  1)] 
J  a"  ^=  J  a  (    -  —  y\\  . 


Tables  9  and  10  (Plate  XXXII)  show  the  calculation  of  the  values, 
A  a  and  A  a",  again  in  units  of  1  000  E.  The  resultant  elastic  panel 
loads  from  all  truss  members  are  given  in  Table  12.  The  moments  due 
to  these  resultant  elastic  panel  loads  have  been  determined  analytically 
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J  s,  J  a,  AND  J  I,  FOR  Web  Members. 


(6) 


1  000  E  Ss 


1  000 


Sis 


•104.9 
359.4 
3S4.0 
446.8 
434.0 
4a0.4 
401.1 
284.3 
244.4 
159.2 
88.7 


(7) 
1  OOOiJAa 

=  1 000  EAJ 


-I- 1.8-224 
+  1.4551 
+  1.0379 
+  1.1126 
4-1.1194 
+  1.1062 
+  1.0470 
+  0.7016 
+  0.5250 
+  0.2585 
+  0.0797 


(8) 
1  000  .BA  I 

^  1  oa)  K  A  .s' 

r 

3/1000  EA  a 


1  ooos 


:  A? 

"2 


1  000  £  i  A  ;  for  diagonals  : 


+  845.6 

+  327.0 

+  290.4 

4-  379.9 

+  382.3 

+  377.6 

+  357.3 

+  239.4 

4-  179.3 

+  88.3 

+  27.1 


19) 


Notes. 


+  3  000.1 
+  6  000.2 


*  The  stress.  Si,  in  the  center  diagonals 
has  no  iriflueuce  on  the  deflection  line. 

t  The  stress  in  22-23  is  corrected  for 
effect  of  double  diagonals  in  center 
panel. 

y. =  -0.2858 

Correction  (H=l,  P^O)...  =  -0.0918 


Stress  Si =  -0 .3776 


+  .387.1 
+  427.6 
+  896.0 
4-  482.0 
+  404.9 
+  359.9 
-t-  281.2 
+  203.9 
+  128.1 
+    53.8 

-  19.9 

—  120.4 


+  9.109 
+  2.114 
+  1.671 
+  1.360 
+  0.800 
+  0.737 
+  0.384 
4-  0.205 
+  0.0701 
-  0.00066 
+  0.0128 
+  0.156 


1  000£- 


1  000  £2  A  i  for  verticals  = 


334.0 

412.9 
396.5 
438.5 
315.6 
257.5 
175.6 
102.3 

44.2 
8.2 
1.2 

34.4 


Summary  of  values 1  000  i'  2  A  i 

Bottom  chord =18  143.8 

Top  chord =36  127.8 

Diagonals =    6  000.2 

Verticals =    5  041.8 

Total 1000£2AZ=  65  313.6 


+  2  520.9 
+  5  041.8 


^0 


in  Table  12  by  the  usual  method 
of  shears  and  moment  incre- 
ments. The  ordinate,  8,  of  the 
elastic  line  at  any  panel  point,  is 
equal  to  the  corresponding  mo- 
ment from  the  elastic  panel  loads. 
C. — Determination  of  Influ- 
ence Line  for  Horizontal  Reac- 
tion.— The  influence  ordinates  for 
the  horizontal  reaction  were  de- 
termined in  Table  12  by  dividing 
the    corresponding    ordinates,    8,  ^^'  ^  ' 

of  the  elastic  line  by  the  con,stant,  2  ^  I  (2  J  I  =  horizontal  deflection 
of  the  point,  B,  due  to  a  horizontal  load  of  unity  at  B,  as  obtained  in 
Table  8,  Column  9). 
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This  is  derived  as  follows:  Assume  the  arch  to  be  a  simple  span, 
A  B,  fixed  at  A  and  free  to  move  at  B  (Fig.  53).  According  to  Max- 
well's Principle  of  Eeciprocity,  the  vertical  deflection,  8,  at  any  point, 
C,  due  to  a  horizontal  force  of  unity  at  B  (Fig.  53  (o)  and  (&)),  is 
equal  to  the  horizontal  deflection,  c,  of  the  point,  B,  due  to  a  vertical 
force  of  unity  at  C  (Fig.  53  (c)),  that  is  8  =  c 

In  order  to  transform  the  simple  span  into  a  two-hinged  arch,  the 
horizontal  reaction,   H,  has  to  overcome  the  horizontal  deflection,   c. 

H       '  E 


and  we  have,  therefore,  the  relation, 


H  unity        2  J  V 


or,   as    E 


d. 


D. — Corrections  for  the  Ver- 
ticals, 0-1,  2-3,  k-5. — In  the  fore- 
going it  has  been  assumed  that 
the  vertical  load  of  unity  is  ap- 
plied at  the  bottom  chord  panel 
points.  As  the  live  load  is  actu- 
ally applied  at  the  floor  level, 
the  following  correction  has  to 
be  made  in  the  influence  ordi- 
nates  for  H  below  the  panel 
points,  0,  2,  and  4.  ^^  ^"-  ^^-  '^^'^' 

Let  s  be  the  total  length  of  the  vertical  and  s'  its  length  below  the 
floor  (Fig.  54).     As  the  load  is  to  be  applied  at  C  instead  of  C,  the 

numerator,     5,    in     the    foregoing    formula,  H    =     — -,,     nmst    be 

corrected  to  represent  the  deflection  of  C  instead  of  C.     If  8  is  the 

deflection  at  C,  8  -j-  ^  s'  is  the  deflection  at  C".     The  resulting  change 

J  s'  s' 

in  the  value  of  H  is -.      As  J  s'  =    ^  s  .      ,  the  correction  for 

H  IS 1    .    -, 

2  A  I         s 

E. — Correction  for  Two  Diagonals  in  the  Center 
Panel. — The  presence  of  two  diagonals  in  the  center 
panel  adds  another  element  of  indeterminateness  to 
the  design.  This  is  taken  into  account  as  fol- 
lows :  A  load,  P,  is  considered  as  acting  at  any  point  distant  m  panels 
from  the  end,  A.  The  resulting  stress  in  each  center  diagonal  is  that 
given  by  one-half  the  shear  in  the  panel  plus  a  correction,  X,  and  the 
corresponding  corrections  in  the  other  members  of  the  center  panel 
will  be  the  horizontal  and  vertical  components  of  X.  The  value  which 
X  must  have  in  order  to  make  both  diagonals  fit  into  their  panel  frame 
is  then  given  by  writing  out  and  solving  the  equation,  /id^  +  ^d^  = 
{Au  -\-  M)   as  i?  +   (z/Cj  +  Jr..)  sin.  B,  where  //«,  Al,  Av,  and  Ad 


(See  Table  11.) 
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TABLE  9. — DETERMiN.iTioN  OF  El.\stic  Panel  Lo.\ds,  J  a'  -{-  J  a",  for  Diagonals. 


Panel  length,  A  =  42.5  ft. 

Uember. 

(1) 
1-3 

3-4 

(3) 
5-6 

(4) 
7-8 

<5) 
9-10 

(6) 
11-12 

(7) 
13-14 

(8) 
15-16 

(9) 
17-18 

(10)                                  (111 
19-20             1             21-32 

(IJ) 
23-22i 

1  KB/ 4.  from  Table  8 

+     1.8224 

4-  219.83 

0 

+     1.4651 

+  282.46 

1 

+      1.0379 

+  390.45 

.2 

+     1.1126 
+  512.24 

+     I. 1194 
+  561.12 

+     1 .062 

+  619.10 

5 

+      1.0470 
+  691 .76 

+     0.7016 
+  790.S0 

+     0.6260 
-1- 911.65 

f         0.2585 

+  1  220.89 

9 

+         0.0797 

+  2  003.03 

10 

ft 

11 

Panel  point. 

0 

2 

2 

4 

4 

6 

6 

8 

8 

10 

10 

12 

12               14 

14 

16 

16 

18 

18 

20 

20 

22 

=  l«»Si«[;i-(n  +  l)J.. 

lMI£4a" 

—  7.503 

-  8.756 

-6.430 

-  8.962 

-9.182 

—  9.477 

-9.712 

-7.432 

-6.906 

-  4.840 

-2.879 

+  2.969 

+  9.426 

+  8.210 

+  7.460 

+  10.076 

+ 10.302 

+  10.683 

+  10.769 

+  6.183 

+  7.431 

+  5.099 

lottl  elMlic  panel  load, 
ll«)j;(4.'+ia"] 

-7.603 

+  2.6T0 

+  1.788 

-1.502 

+  0.893 

+  0.825 

+  0.871 

+  3.327 

+  1.227 

+  2.591 

+  2.220 

+  2.959 

Panel  length,  X  =  42.5  ft. 


TABLE  10. — Determination  of  Elastic  Panel  Loads,  J  o^  -}-  J  of',  fob  Verticals. 


Uember. 

U) 

0-1 

(J) 
2-3 

(3) 
4-5 

(4) 
6-7 

(S) 
8-9 

(fi) 
10-11 

(7) 
12  IS 

(8) 
14-16 

(9) 
16-17 

(lo) 
1819 

(II) 
20-21 

(IJ) 
22-23 

+  9.1090 

-1-42.60 

0 

+     2.1146 
+  244.74 

+     1.6i08 

+  321.98 

2 

+      1.3605 
+  481.77 

+     0.7367 

+  710.61 

4 

+     0.5874 
-1-825.18 

+     0.3841 
+  987.16 

+        0.2052 

-1-1291.22 

7 

+       0.0701 

+  2116.72 

8 

-  O.C007 

—  80  066.0 

9 

+       0.0123 

-1131.64 

10 

+     0.1565 

—  302.21 

Panel  point. 

0 

s 

2 

4 

4 

6 

6 

8 

8 

10 

10 

12 

12 

14 

14 

16 

16 

18 

18 

20 

20              22 

22 

22A 

1000  Ei  a' 

lOWBia" 
=  l(WI£4a  [':_„] 

0 

+  9.109 

—  7.947 

-7.646 

—  9.980 

-8.790 

-7.880 

-6.233 

-4.593 

—  2.944 

—  1.254 

+  0.483 

+  0.166 

+  10.062 

4-  9.315 

+  11.341 

+  9.527 

+  8.467 

+  6.617 

+  4.798 

+  3.014 

+  1.255 

-0.469 

U            J 

Total  ,l..tlc  panel  load, 
l«lj;i4a'  +  4."]...: 

0 

+  1.1(2 

+  2.416 

-0.666 

+  2.551 

+  1.647 

+  2.234 

+  2.024 

+  1.854 

+  1.760 

+  1.737 

—  0.813 

I'apcrs.  I 
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TABLE    11. — CoKUECTioN   of   Influence   Ordinates    i«'ok   Horizontal 

Reaction  Due  to  Loads  Applied  to  Verticals  at  Fix)or  Level. 
1000   J&  2  ^  Z  =  65  313.6. 


Member. 


Total 

length. 

s,  in  feet. 


(2) 

Length 

below  floor, 

s'  in  feet. 


0-1 
3-3 
4-5 


140.00 
112. '.18 
92.95 


(3) 
1  000  JF  A  s 
1  OiX)  .S  s 


From  Table  8. 


(4^  (5) 

Correction. 
A      1  000  K^s        X' 
^^^"^  ^-  lOOO^v^,  ^   , 


S12 

387.18  '  -r=  0.99 

010 

255 
427.64  ^^  =  0.91 

OS'S 
395.95  ^,-0.88 


0.00.396 
0.00315 
0.00149 


denote  the  elastic  elongation  of  the  top,  bottom,  vertical,  and  diagonal 
members,  respectively,  of  the  center  panel,  and  is  the  inclination  of 
the  diagonals  to  the  horizontal.    We  thus  obtain 

X  =  0.1.335  H  —  0.01538  m  P. 

Conseiiueutly.  for  the  sole  application  of  //  =  1,  X  =  +  0.1335  is  the 
stress   in   each  center  diagonal,   and  the  resulting   corrections   in   the 
other  members  of  the  center  panel  are  included  in   Tables   7  and  8. 
The  corrected  value  of  the  influ- 
ence  line   for   11  is   thus   found, 
although  the  effect  on  H  of  the 
foregoing  correction  proves  to  be 
quite  negligible. 

Substituting  the  resulting 
values  of  H  with  the  correspond- 
ing values  of  m  in  the  foregoing 
equation,  we  obtain  the  influence 
values  of  X  for  a   unit  load   at 


Fig. 


the  successive  panel  points  of  the  span.  These  values  are  tabulated  as 
the  influence  ordinates  for  the  center  diagonal  in  Table  15  (Plate 
XXXIV),  and  the  corresponding  corrections  are  tabulated  for  the 
other  members  of  the  center  panel  in  Tables  13  and  14  (Plate  XXXIII), 
and  Table  16  (Plate  XXXIV).  All  the  remaining  members  of  the 
truss  arc  unaffected  by  the  double  center  diagonals. 

2. — Influence  Lines  for  Arch  Truss  Members. 

The  influence  ordinates  for  the  stresses  in  the  members  of  the 
arch  truss  were  determined  analytically  as  follows: 

Assuming  the  truss  to  be  a  simple  span,  the  influence  line  for  the 
stress  in  any  member  has  two  straight  segments,  A^  5,  and  B^  A^  (Fig. 
55),  which  intersect  at  (7.,  vertically  below  the  center  of  moments,  C, 

of  tlie  member,  and  have  the  ordinates,  A,,  A.,  =  — ,  and  B..  B^  =  — . 
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TABLE  13. Determination  of  Influence  Osdinates. — Fob  Bottom  Chord.    Live  Load  pek  Panel  =  510  000  lb.  =  1  000  P.    All  Stresses  Given  in  Units  of  1  000  lh. 


L  GATE  BRIDGE. 

+  Denotes  tenaloD. 

—  Denotes  compreaaton. 


—  6.S61 

-  6.470 


Z=  Zo  +  Zi 

Zi 
Z=  Zo  +  Zi 

Zi 
Z=  Zo  +  Zi 

Zi 
Z=  Zo  +  Zi 

Zi 
Z=Zo  +  Zi 

Zi 
Zi  =  Zo  +  Zi 

Zi 
Z=Zo  +  Zi 

Zi 
Z=Zo  +  Zi 

Z  =  Zo  +  Zi 

Zi 
Z=Zo  +  Zi 

Z  =  Zo  +  Zi 
Zi 

Correct  Za 
Z=Za-\-Zi+Z, 


Pahel  Poikts  —All  Valoes  in  These  CoLDms  arb  Xsvwjksqs  Oboihatbb,  i 


S  EXPRKBBBD  IK  THODSAHDTHB  C 


+  911 

+'8ii" 


-t-  410 

+'«6" 

+  175 


+  780 
+'780' 


+  610 
+  465 


+  841 

+'84i' 


+  841 
+'8ii" 


+  410 
+  861 


+  818 
+'2is' ' 


<3l)        I         (33)        I      (33) 


Popitive.     Negative. 


0.891 
0.755 
0.555 


LIVE-LOAO  Sthesb  =  P-=-  2  j 


TABLE  14.- 

-Detekmination  of  Infujence  Ordinates.- 

-For  Top  Chohd 

Live  Load  p 

ER  Panel  = 

510  000  LB.     = 

1  000  P.    All  Steesses  Given  in  Units  of 

1  000  LB. 

+  Denotes  tension. 

(■) 

(I) 

it) 

(4) 

(s) 

(«) 

Pasbl  Points.- 

-All  Values  w 

BE  COLCHNB  ARE 

Influence  Ordinai 

E8, 

AKD  ASB  EZPSBSBED  CI  ThOOSAHDTBS  OF  A  tTNIT. 

( 

I)       1       I3'l       1     (33) 
rnoES0«AEEA,Z=It 

(34)          1           (3S) 

feel. 

jr.  In 

' 

V 

7 

» 

2 

* 

« 

8 

10 

12 

14 

16 

18 

20 

22 

22 

20 

18 

16 

14 

12 
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' 
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' 

' 
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NegaMve.      ^o 
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± 
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+  312 
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i 
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-1 

in 

-86.600 

+  0.838 

in 

m 
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-1 
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6« 

z 

4% 
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~ 

s 
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+ 
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+ 
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+    281 

+ 

Im 
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+  295 
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+  146 

+ 

S 

+  <                ^ 
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395        -0 
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2832 

=  n 
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1  + 

+  5 

+      61 

+ 

+     190 

+ 

+  258 

+  263 
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+  238 

+  210 

+  186 

+    9« 

+ 

+  1               " 

+  9.619 

Z=Zo  +  Z, 

+  284 

+  164 

+  8.188 

Z  =  J_+Z. 

+  203 

+  176 

+  3.768 

—     901 

+  4.806 

^    613 

Z-Z„-i-Z, 

+  139 

+  132 

+    69 

+    65 

i 

+  4.888 

+  106 

s 

+  6.K0 

+  6.478 

Oorreot  Zf 
Z  =  Zo  +  Zi  +  Zi 

4».7» 

488.75 

929 

-  i.va 

+  6.470 

+  4' 

X     .°4-' 

X  r 

X 

is' 

X 

»«■ 

X 

1.8 

X  .r 

+ 

2.6 

+      ^8.4 

+ 

aoo.s 

82' 

-     965.9 
+     j^.9 

+ 

062.6 
7.5 

+     ^j7.6 

+ 

140 

+     4:6 

-172.7 
+    ^.4 

+     2.5 

T    10 

-488 

-886.4 

-289.8 

xr 

X 

■?:? 

u 

+  4'" 

821 

966        -0 

742 

617 

9686 
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TABLE  15 — Detbruination  oe 

INFLITENCB    OltDINATE8.~ 

-Fob  Diagonals. 

Lite  Load  peh 

Panel 

=  510  000  LB.  =  1 

000  p. 

All  Stresses  Given  In  Units  of 

1  000  IB 

±B 

nSuS  £°m  °r°«lon 

(1) 

ftetf 

(3) 

I- 

I 

'" 

(3.)     1       (3.)        I     (33) 

iHTLUnOB,   AKXl  Z  =  S  I. 

Livm-LOAD  Stbkm  =P-^  2  i 

» 

" 

• 

• 

.0 

. 

i« 

« 

» 

. 

- 

" 

- 

■' 

■' 

■9 

.. 

• 

« 

' 

' 

» 
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+ 

_ 

- 

^nusr. 

+  4 

-        £9 

1  ? 

-        »8 

--    on 

'    1 

T   3'" 

+      AM 

-        33 

+      7M 

-  1  8ia 

-      268.02 

+       77 

+    go 

+      185 

-    ace 

+      238 

+       IBB 
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I'M 

Z.I 

+      SOI 
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+    m 

+      105 

+    ua 

11 

E  i 

jl 

+         7 

+  811 

+  iw 
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+  at 

+  w 
-  lao 
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+  3 

+  4 

819.81 
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nn.to 

I0OI.4S 

m.io 
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-  l.SM 

-  l.W 

^E 

::: 

I.BU 
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;E 

:E 
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irx 

^  1  ~ 

II  II  II 

1 

11-10 

s 

B-a. 

:: '  S.09  - '  JS.M 

-^^- 

=^= 

-      ISS 

-      !M 

TABLE  16 — Dbtebmination  of  Influence  Ordinates — Fob  Vekticals.    Live  Load  per  Panel  =  510  000  lb.  =  1  000  P.    All  Stresses  Given  in  Units  of  1  000 1 
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TABLE   17. — Determination  of  Dead-Load   Stresses  for  Case  II. 
Panel  Length,  A  =  42.5  ft.    All  Loads  and  Stresses  Given  in  Units  of  1  000  Lb. 


Panel  Points. 

0-1 

(2) 
2-3 

(3) 
4-5 

(4) 
6-7 

(S) 
8-9 

(6) 
10-11 

(7) 
12-13 

(8) 
14-15 

(9) 
16-17 

(lO) 
18-19 

(11) 
20-21 

(n) 
22-28 

'~ 

4-  188 
--  308 
--  824 

-1-187 
4-261 
—  143.83 

-i-174 
4-334 
—  196.28 

+  157 
—   42.23 

+  160 
—   93.83 

+  155 
—    97.23 

+  185 
-143.23 

+  140 
—  164.28 

+  140 
-165.23 

+  140 
— 175.23 

+  187 
—  183.23 

+  130 
— 170.23 

1 

Loads  at  bottom  chord 

i 

}Cl\^ 

+  820 

+  304.77 

+  211.77 

+  111.77 

+    67.77 

+    57.77 

—     8.23 

—   24.23 

—   25.23 

—   35.23 

—  45.23 

—   40.23 

">%       \4 

'.Pg-^ 

+  578.47 

+  273. ;o 

+    61.93 

—  68.84 

—  120.61 

—  178.38 

—  170.15 

—  146.92 

—  120.69  1—   85.46    —   40.38 

^    "' 

0 

-1-578 

-1-852 

+  914 

+  861 

+  741 

+  503 

-1-  392 

+  246 

+  126 

+    40 

0 

Top  Chord. 

1-3 

8-5 

5-7 

7-9 

9-11 

11-13 

18-15 

15-17 

17-19 

19-81 

21-28 

28- 83a 

—  228 

—  408 

-523 

—  658 

-629 

—  441 

-336 

-228 

—  124 

—  41 

0 

0 

Length  of  ^  S  =  «j    , 

Length  of  DB  =  »^ 
Length  at  AD  =  «^, 

Bottom  Chord. 

0-2 

2-i 

4-6 

6-8 

8-10 

10-13 

12-14 

14-16 

16-18 

18-20 

20-28 

2:!-22a 

Stress,  Case  11,  — 

0 

-1-276 

+  477 

+  6?8 

+  587 

+  549 

+  452 

+  341 

+  2:i9 

+  125 

+    41 

0 

Stress  in  A  B  =  L 
Stress  in   B  C  =  L' 
Ordinate  C  =  3K  ft. 

^            Bottom  cbord  stress 

0 

-f     5.13 

+      9.17 

+    11.41 

+    12.10 

+    11.09 

+     9.89 

+      7.65 

+     6.25 

+     2.90 

+     0.97 

0 

V          L 

-f-      5.12 

-t-     4.05 

+     2.24 

+     0.69 

—     0.41 

—      1.80 

—     8.84 

—     2.40 

-     8.85 

-      1.93 

—     0.97 

0 

'f         'b 

DUGONAL. 

1-3 

8-1 

5-6 

7-8 

9-10 

11-12 

18-14 

15-16 

17-18 

19-80 

81-22 

23-22 

Sires.  =  .ri'         i] 

-1-572 

-1-865 

+  170 

+  w 

—   26 

—  109 

—  131 

—  187 

—  138 

—  109 

—   65 

0 

■-  \-        "b  J 

Vertical. 

0-1 

2-3 

4-5 

5-7 

8-9 

10-11 

12-13 

14-15 

16-17 

18-19 

20-21 

88-33 

React  ioB 

for 
Case  11 
=  1  400 

-716.80 

—  457.37 

-208.17 

-    56.20 

+   29.18 

+  114.17 

+  127.28 

+  123.05 

+  110.10 

+    84.04 

+    40.09 

C4I 

+    17.07 

+    30.66 

+    88.02 

+   40.89 

+   38.96 

+    33.96 

+    26.50 

+    17.50 

+     9.67 

+     3.23 

0 

Lower  panel  point  conoenlration 

-   824 

— 143.28 

— 196.23 

—  48.23 

—  98.23 

—   97.28 

—  148.23 

—  164.23 

—  186.28 

— 175.28 

— 183.83 

—  170.23 

SlresstaTertlcal  below  floor 

—  1076 

—  843 

—  623 

—  212 

—  107 

—    S9 

+     4 

—   12 

—   25 

—   55 

—    96 

—  130 

StKu  In  yerticai  above  floor 
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To  siniplify  the  culmilat ion.  these  ordinates  were  assumed  as  luul- 
tiplifd    bv    the    vahie,  — ;   in    other   words,   the    ordinates,    A,  A,  and 

x  x' 

/>',   Z>*.„  were    made    equal   to  —  and  — ,    respectively  (Fig.  55).      The 

iutcnnodiate  ordinates.  Z^,  of  tlie  lines,  ^1,  C.^  and  C,  B^.  were  then 
(il)tained  by  simple  proportion  from  the  ordinates,  A^^  A^  and  B^  B.,. 
(Tables  13,  14,  15,  and  7.)  These  ordinates,  Z^,  were  then  added  alge- 
braically to  the  influence  ordinates,  Z^,  for  the  horizontal  reaction 
(polygon,  A^  C^  B^),  in  order  to  get  the  influence  ordinates,  Z,  for  the 
two-hinged  arch  condition. 

To  obtain  any  stress,  the  sum  of  the  influence  ordinates,  Z,  finally 

V 
had  to  l)t'  multiplied  l)v  the  coefficient,  -^. 

r 

3. — Live-Load  Stresses. 

The  assumed  live  load  is  G  000  lb.  per  lin.  ft.  of  track,  or  12  000 
lb.  per  lin.  ft.  of  truss,  which  gives  a  full  panel  load  per  truss  of 

12  000  X  42.5  ft.  =  510  000  lb. 

To  determine  the  maximum  live-load  stress  in  any  member,  the 
influence  ordinates  of  the  same  sign  were  added  (Columns  31  and  32, 
Tables  13,  14,  15,  and  16),  proper  corrections  being  made  for  partial 
panel  loads  at  the  end  vertical  and  at  panel  points  adjacent  to  the 
zero  points  of  the  influence  line. 

The  sum  of  the  influence  ordinates  was  then  multiplied  by  the  coeffi- 

y 

cient,   — ,  multiplied  by  the  panel  load,  510  000  lb.  (Columns  34  and 
?• 

35,  Tables  13,  14,  15,  and  16). 

4. — Dead-Load  Stresses. 
The  arch  was  erected  so  as  to  act  as  three-hinged  for  all  the  dead 
load  except  the  concrete  and  timber  flooring,  ballast,  and  tracks,  which 
were   placed    after    the    trusses    had   been    converted   into    two-hinged 
arches. 

For  the  three-hinged  arch,  the  stresses  were  determined  as  follows: 
First,  the  horizontal  reaction  was  determined  for  the  actual  panel 
concentrations.  Then,  a  uniform  load  was  determined  which  would 
cause  the  same  horizontal  reaction.  For  this  uniform  load  (16  000 
lb.  per  lin.  ft.,  or  680  000  lb.  per  panel  per  truss),  the  stresses  were 
determined  in  the  bottom  chord  members  (Case  I).  As  the  bottom 
chord  panel  points  are  on  a  parabola,  no  other  members  are  stressed 
for  this  case,  and  the  stress  in  any  bottom  chord  is  equal  to  the  hori- 
zontal reaction  multiplied  by  the  ratio  between  the  length  of  the  mem- 
ber and  the  panel  length. 
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TABLE  18— Dead- 


All  Stresses  Given  in  Units  of  1  000  lb. 


Bottom  Chord. 

0-2 

2-4 

4-6 

6-8 

—  1 1  4.57 
0 

—  11  033 

-1-       276 

—  10  616 
+      477 

— 10  239 

-t-      573 

Case  11 

Total  case,  I  +  II 

—  11457 

-  10  747 

—  10  139 

9  666 

Case  in  

—    5  008 

-    4  712 

—    4  406 

—   4  101 

Total  case,  I  +  II  +  III 

IC.  465 

—  15  459 

—  14  545 

13  767 

Top  Chord. 


5-7 


Case  I.. 
Case  II. 


n 

223 


0 

—      408 


0 
523 


Total  case,  I  -f-  II.. 


223 


Case  III. 


Total  case,  I -f- II -f- III. 


Diagonals. 


Case  I 

Case  II [ ,,[       -^- 


572 


Total  case,  I  -|-  II '     -1- 


572 


Case  III -I-      316 


Totalcase,  I -f  I[-f-III -|-      788 


Verticals. 


0-1 
Below  floor. 


Case  I.. 
Case  II. 


0 
1  076 


Total  case,  I  +  11. 


1076 


0 
-I-       365 


-I-       365 


-I-       230 


f       595 


2-3 
Below  floor 


0 
843 


843 


Case  III. 


—      374 


Total  case,  I  +  II  4-  III. 


1450 


Vkrticals. 


Above  floor 


Case  II. 


Total  case,  I-)- II. 


Case  III. 


Total  case,  I  +  II  -|-  III. 


768 


—      218 


—       986 


—    1403 


Above  floor 


—       582 


7-9 


0 

558 


—      S58 


488 


—       863 


5-6 


0 

+       170 


7-8 


+       170     j  + 


4-       224 


+       394 


4-5 
Below  floor 


0 
—       623 


623 


1  193 


Above  floor 


8S9 


826 


389 


253 


642 


+      215 


262 


0 
212 


Horizontal  Reaction  for  Case  1=8  672  900  lb.  Bottom  Chord  Stress  for  Case  I  =  Horizontal 
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8-10 

10-12 

12-14 

14-16 

16-18 

18-20 

20-22 

22-22' 

-  9896 
+   587 

—  9  585 

+   549 

—  9  815 
+       452 

—  9  089 
+   841 

-  8  910 
+   229 

—  8  779 
+   123 

-  8  700 
+   -ll 

—  8  673 
0 

-  9  809 

—  9  086 

—  8863 

-  8  748 

-  8  681 

—  8  654 

—  8  659 

—  2  481 

-  8  673 

—  8812 

—  3  532 

—  3  259 

—  3  008 

-  2  785 

-  2  604 

-  2  303 

-  13  121 

-  12  368 

—  12  122 

-  11  750 

—  11  466 

—  n  258 

-  11  140 

10  978 

9-11 

11-18 

13-15 

15-17 

17-19 

19-21 

21-23 

23-28' 

0 
—   5-29 

0 
-   441 

0 

—  336 

-  886 

0 

—   228 

0 
—   124 

0 
—    41 

0 
0 

0 
0 

—   529 

—   441 

-   228 

-   124 

—   41 

0 

0 

—   636 

-   793 

—   951 

—  1108 

—  1  234 

—  1  832 

—  1373 

-  1884 

—  1287 

—  1166 

—  1  234 

—  1287 

—  1331 

-  1358 

—  1384 

—  1287 

9-10 

11-12 

13-14 

15-16 

17-18 

19-20 

21-22 

23-22' 

0 
-    26 

0 
—   109 

0 
-   181 

0 
—   137 

0 
—   132 

0 
—   109 

0 
—   55 

0 
0 

-    26 

-   109 

—   131 

—   137 

—   132 

—   109 

—   55 

0 

+   222 

+   227 

4-   225 

-f   213 

+   185 

+   140 

+   77 
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Then  the  stresses  were  determined  for  the  difference  between  the 
actual  and  the  uniform  load  (Case  II).  As,  for  both  the  actual  and 
the  uniform  loads,  the  horizontal  reactions  are  the  same,  that  is,  their 
difference  is  zero,  it  was  possible  to  determine  the  stresses  for  Case  II 
as  for  a  simple  span.  The  stresses  in  the  chord  members  were  deter- 
mined from  the  bending  moments.  The  stresses  in  the  web  mem- 
bers were  then  obtained  by  resolving  stresses  at  the  lower  panel 
points.     With  the  notations  given  in  the  diagram  on  Table  17  (Plate 

XXXV)  we  have,  stress  in  diagonal  =  s^  (  — 7 —  ~    )  ,  stress  in  vertical 

below  floor  ^  —  s,,   ( — )   +C h  panel  load  at  bottom  chord. 

The  stress  in  the  vertical  above  the  floor  is  found  by  deducting  the 
panel  load  at  the  floor  height  from  the  stress  below  the  floor. 

For  the  two-hinged  arch  (Case  III),  the  stresses  were  determined 
from  the  influence  ordinates  in  a  manner  similar  to  that  described 
for  live  loads.    For  panel  concentrations,  see  Plate  XX. 

Finally,  the  stresses  for  Cases  I,  II,  and  III  were  combined  to  obtain 
the  total  dead-load  stresses  (Table  18). 

5. — Temperature  Stresses. 

Assuming  the  arch  bearings  as  free  to  move  longitudinally,  a  hori- 
zontal force  of  unity  applied  at  each  hinge  causes  a  change  in  the 
span  length  equal  to  2  /]  I.    A  change  in  temperature  of  i  ^  72°  Fahr. 

causes  a  chansfe  in  the  span  length  equal  to  s  tl  =^  --— — — -  X  72  X  977.5 

X  12  =  5.6.3  in. 

The  horizontal  reaction  due  to  a  change  of  temperature  of  72° 
Fahr.,  therefore,  is 

If,  =  ^^^,  =  215  400  lb. 
The    temperature    stress    in    any    member    is    then    found    as    the 

y 

product  of  H^  with  the  corresponding  value,  >S\  ==  —  (Table  19). 
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Financing,  and  Franchise 
OF  THE  New  York  Connecting  Railroad  Company. 

A  General  Statement,  Furnished  by  the  Railroad  Company. 

The  scope  and  cost  of  this  extraordinary  work  and  the  great  possi- 
bilities for  transportation  service  which  it  opens  up,  justify  a  short 
record  for  public  information  as  to  the  principal  facts  concerning  the 
company  under  whose  powers  it  was  built,  its  incorporation,  and  its 
financing. 

The  railroad  was  originally  conceived  in  1892  by  Oliver  Barnes 
and  Gustav  Lindenthal,  Members,  Am.  Soc.  C.  E.,  on  practically 
the  same  location  as  that  on  which  it  was  built. 

The  Certificate  of  Incorporation  of  The  New  York  Connecting 
Railroad  Company  was  filed  and  recorded  in  the  office  of  the  Secretary 
of  State  of  the  State  of  New  York  on  April  21st,  1892,  and  provided 
for  a  steam  railroad  of  about  10  miles  in  length,  the  termini  of  which 
were  to  be  "in  Westchester  County,  east  of  the  Bronx  River,  and  in 
the  City  of  Brooklyn." 

Among  the  incorporators  were :  Oliver  W.  Barnes,  Frank  M.  Clute, 
Alfred  P.  Boiler,  Charles  Macdonald,  and  Thomas  S,  King;  the  cap- 
ital stock  was  placed  at  one  thousand  shares,  par  $100  000,  all  preferred 
stock. 

In  April,  1902,  The  Pennsylvania  Railroad  Company  completed 
the  purchase  of  the  entire  outstanding  stock  of  the  Connecting  Com- 
pany, and,  in  accordance  with  a  prior  understanding  with  The  New 
York,  New  Haven  and  Hartford  Railroad  Company,  a  short  time 
thereafter,  sold  one-half  of  this  stock  to  that  Company. 

On  June  11th,  1903,  application  for  the  franchise  required  from 
the  City  of  New  York  was  made  by  the  Company  to  the  Board  of 
Rapid  Transit  Railroad  Commissioners  for  that  City,  predecessor  of 
the  present  Public  Service  Commission  for  the  First  District  of  the 
State  of  New  York,  and  a  tentative  franchise  was  granted  by  that 
Board  on  June  23d,  1904,  subject  to  the  approval  of  the  Board  of 
Aldermen  and  the  Mayor.  After  consideration  by  the  Board  of  Alder- 
men for  nearly  a  year,  however,  the  proposed  franchise  was,  on  April 
18th,  1905,  returned  to  the  Board  of  Rapid  Transit  Railroad  Com- 
missioners "disapproved." 

On  November  17th,  1905,  the  application  to  the  Board  of  Rapid 
Transit  Railroad  Commissioners  for  a  franchise  was  renewed,  and,  as 
a  result  of  negotiations  extending  over  a  year,  the  franchise  now  held 
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by  the  Compaiij%  dated  February  14th,  11)07,  was  jiranted.  This  Cer- 
tificate was  accepted  by  the  Company  under  date  of  February  28th 
of  that  year;  was  approved  by  the  Board  of  Estimate  and  Apportion- 
ment of  the  City  on  March  8th  (by  amendments  to  the  City  Charter 
and  liajiid  Transit  Act  of  tlie  State,  the  duty  and  power  to  confirm 
franchises  of  this  character  had  been  transferred  since  the  previous 
application  from  the  Board  of  Aldermen  to  the  Board  of  Estimate  and 
Apportiomnent) ;  was  approved  by  the  Mayor  on  March  14th,  and, 
later,  the  Certificate  was  filed  in  the  office  of  the  Secretary  of  State  of 
New  York  and  in  the  offices  of  the  Clerks  of  the  Counties  of  New 
York,  Queens,  and  Kings. 

In  addition  to  fixing  the  center  line  of  the  jiroposed  railroad,  the 
franchise,  among  other  requirements,  prescribed  that  the  consent  of 
the  owners  of  one-half  in  value  of  the  property  bounded  on  the  por- 
tions of  streets  crossed  by  the  line,  to  the  construction  and  operation 
thereof,  should  be  obtained  within  one  year  from  the  acceptance  of 
the  franchise  by  the  Company;  that  construction  was  to  commence 
within  3  months  after  filing  said  consents  with  the  Ilapid  Transit 
Board;  and  that  construction  was  to  be  completed  and  the  railroad  in 
operation  within  5  years  after  the  commencement  of  construction. 
Provision  was  made  in  each  case  for  extensions  of  time  under  certain 
conditions.  The  motive  power  prescribed  to  be  used  was  steam,  with 
the  right  to  the  Railroad  Company  to  substitute  electricity  therefor, 
and,  in  addition,  the  Rapid  Transit  Board  reserved  the  right,  in  the 
event  of  the  use  of  steam  constituting  a  nuisance  or  becoming  dan- 
gerous to  residents  along  the  route,  to  require  a  change  to  electricity, 
or  other  motive  power  not  less  convenient  to  the  public,  within  a 
period  not  to  be  less  than  3  years  after  notice  by  the  Board.  The 
franchise  fixes  the  rentals  to  be  paid  by  the  Company  for  the  first 
period  of  25  years  from  2  years  after  obtaining  the  required  consent 
of  property  owners  (except  for  the  use  of  Wards  and  Randalls  Islands, 
in  which  ease  the  rental  was  payable  from  the  date  of  first  occupation) 
and  provides  for  a  readjustment  thereof  at  the  end  of  said  period 
and  every  25  years  thereafter.  Said  payments  (as  amended  by  order 
of  the  Public  Service  Commission  in  coiniection  with  the  shortening 
of  the  franchise  route  of  the  Company  from  Knickerbocker  Avenue 
to  Fresh  Pond  Junction,  hereinafter  dealt  with)  are  as  follows:  (a) 
For  the  right  to  construct  and  operate  across  streets  and  other  public 
property  other  than  Wards  and  Randalls  Islands,  $23  925  per  annum 
for  the  first  10  years  of  said  25-year  period,  and  $47  850  for  the  next 
15  years;  (b)  $100  per  annum  for  the  right  to  cross  the  East  River 
between  bulkliead  lines;  and  (c)  for  the  use  of  ground  on  Wards  and 
Randalls  Islands  occupied,  permanently  and  temporarily,  during  the 
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period  of  construction,  by  the  abutments,  piers,  and  other  supports 
of  the  bridges  and  elevated  structures,  and  for  the  use  of  portions  of 
overhead  space  above  the  islands  occupied  by  such  l)ridges  or  elevated 
structures  or  for  any  other  purpose,  such  annual  payments  as  agreed 
upon  by  the  Company  and  the  Board  of  Commissioners  of  the  Sink- 
ing Fund  of  the  City,  or  other  authorities  in  control  of  the  islands. 
In  addition  to  said  rentals,  the  Company  was  compelled  to  file  with 
the  Comptroller  of  the  City,  within  60  days  of  the  approval  of  the 
franchise  by  the  Mayor,  a  bond  in  the  sum  of  $50  000,  executed  by  it 
a]]d  by  The  Pennsylvania  Railroad  Company  and  The  New  York, 
New  Haven  and  Hartford  Railroad  Company,  as  security  for  the  per- 
formance by  the  Railroad  Company  of  the  terms  and  conditions  of 
the  franchise,  especially  with  respect  to  the  annual  payments  to  the 
City,  and  had  to  pay  a  bonus  of  $110  000  to  the  City  within  60  days 
after  the  necessary  consents  of  property  owners  had  been  obtained 
and  before  construction  work  was  commenced. 

On  April  16th,  1907,  the  stockholders  approved  of  an  increase  in 
the  capital  stock  from  $100  000,  Preferred,  to  $3  000  000,  Common, 
the  holders  of  the  Preferred  stock  having  agreed  to  exchange  their 
stock,  par  for  par,  for  Common  stock.  The  increase  was  approved  by 
the  Board  of  Railroad  Commissioners  on  May  31st,  and,  as  of  June 
1st,  the  exchange  of  Preferred  stock  was  made  and  $2  816  400  of  the 
Common  stock  was  issued,  half  and  half,  to  the  Pennsylvania  Rail- 
road Company  and  The  New  York,  New  Haven  and  Hartford  Rail- 
road Company,  to  take  up  a  like  amount  of  advances  to  the  Connecting 
Company.  Subsequently,  the  remainder  of  the  authorized  stock  was 
issued,  the  entire  $3  000  000  thereof  being  held  by  The  Pennsylvania 
Railroad  Company  and  The  New  York,  New  Haven  and  Hartford 
Railroad  Company  in  one-half  proportions,  all  of  the  stock  having 
been  fully  paid  for  at  par. 

The  necessary  consents  of  property  holders  to  the  construction  of 
the  line  were  filed  with  the  Public  Service  Commission  for  the  First 
District  of  the  State  of  New  York  on  July  20th,  1910,  the  said  Com- 
mission having  succeeded  to  the  rights  and  powers  of  the  Board  of 
Rapid  Transit  Commissioners  under  the  law.  The  original  period 
fixed  by  the  franchise  in  which  to  obtain  said  consents  expired  on 
February  28th,  1908,  but,  by  certificate  of  the  Commission  dated 
February  3d,  1908,  and  March  5th,  1910,  the  time  was  extended  to 
August  31st,  1910. 

The  period  prescribed  in  the  franchise  for  the  completion  of  the 
railroad,  including  the  Hell  Gate  Bridge,  expired  on  October  20th, 
1915,  but  the  time  was  extended  by  the  Commission  to  December 
31st,  1917,  and  the  same  date  was  fixed  by  General  and  Special  Laws 
of  the  State  of  New  York. 
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The  railroad  as  constructed  conforms  to  tlie  route  prescribed  in  the 
franchise,  cxce])t  for  a  slight  change  of  alignment  between  the  north 
side  of  Wards  Island  and  132d  Street,  in  the  Borough  of  The  Bronx, 
a  change  in  grade  between  Broadway  and  Calamus  Avenue,  in  the 
Borough  of  Queens,  and  a  change  in  the  southern  terminus  of  the  line 
from  the  Brooklyn  Borough  line  to  Fresh  Pond  Junction.  The  two 
changes  first  mentioned  were  approved  by  the  Public  Service  Com- 
mission on  July  19th,  1912,  and  maps  covering  the  revisions  were 
filed  in  Xew  York  and  Kings  Counties  on  July  23d,  1912,  and  in 
Queens  County  on  July  24th,  1912;  and  the  shortening  of  the  fran- 
chise route  to  Fresh  Pond  Junction  was  approved  by  said  Commission 
on  June  7th,  1915;  approved  by  the  Board  of  Estimate  and  Appor- 
tionment on  July  29th;  by  the  Mayor  on  July  30th;  and  a  map  show- 
ing the  modification  was  filed  in  the  office  of  the  Secretary  of  State 
of  New  York  on  August  13th,  1915,  and  also  in  the  offices  of  the 
Clerks  of  the  Counties  of  Xew  York,  Queens,  Kings,  and  The  Bronx. 
The  approval  of  the  "War  Department  to  the  plans  for  the  Hell  Gate, 
Little  Hell  Gate,  and  Bronx  Kill  Bridges  was  granted  by  Certificate 
dated  June  22d,  1906,  and  the  changes  in  the  plans  for  the  two  last 
mentioned  bridges  necessitated  by  the  change  in  the  route  of  the 
road  across  Randalls  Island,  hereinbefore  mentioned,  were  approved 
by  Certificate  of  April  4th,  1912. 

In  accordance  with  the  requirements  of  the  Franchise,  the  Com- 
pany, on  May  11th,  1907,  submitted  the  plans  for  the  Hell  Gate  Bridge 
to  the  Municipal  Art  Commission  of  the  City  of  New  York  for  its 
approval.  By  certificate  of  June  27th  of  that  year,  such  approval 
was  deferred,  the  Commission  objecting  to  the  proposed  decorative 
treatment  of  the  towers  of  the  bridge.  On  May  29th,  1911,  the  plans 
were  re-submitted  to  the  Commission,  the  architectural  features  of  the 
towers  having  been  altered  to  meet  the  views  of  that  body,  and, 
l)y  resolution  of  June  13th,  1911,  the  necessary  approval  was  granted, 
a  certified  copy  of  which  was,  on  August  7th,  1911,  forwarded  to  the 
Public  Service  Commission  for  file,  and  receipt  was  acknowledged . 
by  it  under  date  of  August  8th. 

The  cost  of  constructing  The  New  York  Connecting  Railroad,  over 
and  above  the  $3  000  000  received  from  the  sale  of  capital  stock,  was 
financed  through  the  issue  and  sale  of  bonds  covered  by  a  first  mort- 
gage, dated  May  31st,  1913,  executed  to  the  Guaranty  Trust  Company 
of  New  York,  Trustee,  for  $30  000  000,  which  was  approved  by  the 
Public  Service  Commission  by  Order  dated  November  14th,  1913.  Of 
these  bonds,  $24  000  000  have  been  issued  to  this  date  and  about 
$1500  000  additional  will  be  issued;  all  are  guaranteed,  principal  and 
interest,  by  The  Pennsylvania  Railroad  Company  and  The  New  York, 
New  Haven  and  Hartford  Railroad  Company. 
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The  present  Directors  of  the  Company  are; 


Samuel  Eea, 
W.  W.  Atterbury, 
George  D.  Dixon, 
W.  H.  Myers,  and 

A.  J.  County. 

Howard  Elliott, 

B.  Campbell, 

E.    G.    BUCKLAND, 

J.  M.  ToMLiNSON,  and 
A.  R.  Whaley. 


Representing  The  Pennsylvania  Railroad 
Company. 


Representing  The  New  York,  New  Haven 
and  Hartford  Railroad  Company. 


Mr.  Samuel  Rea  (President  of  The  Pennsylvania  Railroad  Com- 
pany) is  President  of  The  New  York  Connecting  Railroad  Company; 
Mr.  Howard  Elliott  (President  of  The  New  York,  New  Haven  and 
Hartford  Railroad  Company)  is  Vice-President;  and  Mr.  A.  J.  County 
(Vice-President  of  The  Pennsylvania  Railroad  Company)  is  Assistant 
to  the  President  of  The  New  York  Connecting  Railroad. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

INSTITUTED     185  2 


PAPERS   AND    DISCUSSIONS 

This  Society   is   not   responsible  for  any  statement   made  or  opinion  expressed 
in  its  iinl)lications.        — 


STKESS  MEAISUIIExMENTS  ON 
THE  HELL  GATE  ARCH  BRIDGE 


By  D.  B.  Steinmax,  Assoc.  M.  Am.  Soc.  C.  E. 

To  BE  PitESEXTEn   NOVEMBER   21  ST,   1917. 


Synopsis. 

Till'  ni;ii;iiitiuk-  of  the  Hell  Gate  Arch  Bridge  and  its  interesting' 
construction  features  suggested  the  desirability  of  utilizing  the  bridge 
as  an  instrument  for  scientific  research  by  conducting  a  series  of  stress 
measurements  extending  through  all  the  different  stages  of  erection 
until  the  structure  was  completed.  As  a  result  of  these  observations, 
the  Hell  Gate  Arch  is  probably  the  only  structure  ever  built  in  which 
the  true  stress  conditions  are  known  from  experimental  determination. 

In  order  to  give  this  investigation  its  proper  setting  and  perspective, 
there  is  presented,  as  an  introduction,  a  resume  of  previously  pub- 
lished measurements  of  stresses  in  bridges,  with  a  brief  statement  of 
the  most  significant  results  obtained.  From  these  findings,  particularly 
with  reference  to  secondary  stresses,  conclusions  are  drawn  by  which 
to  improve  the  design  of  railway  viaducts  and  bridges.  The  record, 
on  the  whole,  indicates  the  scarcity  of  such  observations  in  the  past, 
and  serves  to  emphasize  the  value  and  importance  of  undertaking 
more  investigations  of  this  character  in  order  to  confirm  or  correct 
the  results  of  theoretical  analysis.     This  experimental  verification  of 


Note. — Ttese  papers  are  Issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  In  a  subsequent  number  of  Proccedintis,  and.  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  In  Transactions. 


1806  STRESS  MEASUKEMEN^TS,  HELL  GATE  ARCH  BRIDGE       [Papers. 

stress  conditions  is  particularly  desirable  in  fields  previously  unex- 
plored, or  wherever  there  are  special  features  which  may  produce  uncer- 
tain variations  from  calculated  conditions. 

The  original  objects  in  view  in  undertaking  these  stress  measure- 
ments were:  to  follow  up  the  stresses  in  arch  and  back-stays  as  critical 
erection  stages  were  approached;  to  check  and  control  certain  critical 
operations  in  the  erection;  to  check  the  stresses  in  the  completed 
indeterminate  structure,  in  order  to  detect  any  variation  from  assumed 
conditions;  and  to  determine  the  true  secondary  stresses  for  com- 
parison with  the  calculated  values. 

The  paper  includes  a  brief  description  of  the  instruments,  the 
method  of  operation,  and  the  precautions  required  for  accurate  work. 
This  is  followed  by  a  full  presentation  of  the  results,  including  a 
tabulated  comparison  of  the  calculated  and  measured  primary  and 
secondary  stresses. 

From  the  results  of  the  measurements  and  comparisons,  conclusions 
are  deduced  on  the  following  subjects: 

1. — The  precision  attainable  with  the  instrument,  and  the  reliability 
of  this  method  of  measuring  stresses; 

2. — The  probable  error  of  calculated  stresses,  indicating  the  futility 
of  excessive  precision  in  their  computation; 

3. — The  extreme  variations  of  fiber  stress  in  a  member,  representing 
the  combined  effect  of  all  known  and  unknown  secondary  strains; 

4. — Safe  working  values  for  the  design  of  bridge  members,  leaving 
a  margin  below  the  elastic  limit  for  extreme  variations  from  calculated 
stresses ; 

5. — Relative  values  of  calculated  and  measured  secondary  stresses 
(it  is  shown  that  the  latter  are  generally  lower) ; 

6. — The  effect  of  the  erection  operations  on  the  secondary  stresses; 

7. — The  efficacy  of  the  three-face  joints  in  the  lower  chord  (Fig.  6), 
which  were  provided  in  order  to  produce  a  hinge  action  at  the  panel 
points  during  erection  and  to  concentrate  a  larger  part  of  the 
direct  stress  in  the  middle  third  of  the  cross-section,  it  having  been 
demonstrated  that  this  novel  splicing  feature  has  accomplished  the 
desired  objects,  thereby  reducing  the  secondary  and  direct  stresses 
in  the  outer  fibers; 

8. — The  re-distribution  of  stresses  and  the  release  of  secondary 
strains  at  a  splice  during  the  replacing  of  drift-pins  by  rivets; 
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!). — The  comparative  freedom  of  the  arch  truss  from  secondary 
stresses;  and 

10. — The  final  extreme  fiber  stresses  as  compared  with  the  calcuhited 
values. 

Special  acknowledgment  is  due  to  Gustav  i^indenthal,  M.  Am.  Soc. 
C.  E.,  the  Chief  Engineer  of  the  bridge,  who  undertook  to  make  these 
measurements  in  furtherance  of  engineering  science. 

Eesume  of  Previously  Published  Stress  Measurements. 

Since  the  early  days  of  bridge  building,  when  empirical  methods 
of  design  prevailed,  theoretical  analysis  has  made  rapid  advances,, 
and  has  now  far  outstripped  experimental  verification.  There  is  a 
growing  movement,  however,  as  shown  by  the  modern  testing  of 
large  compression  members,  and  in  load  tests  and  strain  measurements 
on  bridges,  to  supplement  the  results  of  analysis  with  experimental 
observation  in  order  to  confirm  or  correct  the  former,  or  to  reveal 
unsuspected  conditions. 

The  first  measurements  of  the  actual  stresses  in  trusses  were  made 
by  Professor  Eriinkel*  in  1883.  He  applied  his  extensometer  to  the 
experimental  determination  of  secondary  stresses,  and  his  results  pro- 
duced such  uneasiness  among  German  engineers  that  some  of  them 
abandoned  the  riveted  truss  in  favor  of  pin  connections. 

In  1899  Mesnager  published  an  account  of  the  measurement  of 
stresses  in  a  bridge  of  180  ft.  span,  on  the  Orleans  Railway  in  France, 
with  a  discussionf  of  the  results.  It  was  a  ten-panel,  Pratt  truss 
bridge  carrying  a  single  track.  The  stresses  were  measured  only  in 
the  web  members,  and  for  a  train  load  of  two  locomotives  and  four 
cars,  covering  the  entire  span.  The  extensometers,  devised  by  M, 
Rabut,  were  applied  at  four  points  of  the  cross-section  near  each  end 
of  a  member.  The  results  showed  the  average  stresses  in  the  members 
to  be  in  fair  agreement  with  the  calculated  primary  stresses.  There 
were  considerable  diiferences,  however,  between  the  stresses  on  opposite 
sides  of  a  member.  In  the  posts,  secondary  stresses  were  found 
amounting  to  200%  of  the  direct  stress,  involving  a  complete  reversal 
of  stress  on  one  side  of  the  member.     In  tlie  diagonals  the  greatest 

*  Versuche  mit  dem  Dehnungszelchner".  Der  Civilivfjenienr,  1883. 
t  "Les  Fatigues  Reelles  et  F-atigues  Calculees  dans  un  Pont  k  Grandes  Mailles", 
Annales  des  Fonts  et  Chaussees,  1899,  II. 
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secondary  stresses  were  45%  of  the  direct  stress.  The  foregoing 
large  secondary  stresses  do  not  form  the  basis  for  any  general  con- 
clusions, as  they  were  mainly  due  to  peculiarities  in  the  design  of  the 
structure. 

Mesnager  did  not  undertake  a  computation  of  the  secondary 
stresses  in  the  test  bridge,  so  that  no  comparison  of  actual  with  calcu- 
lated values  is  aiiorded. 

In  1901  M.  Rabut  described*  a  series  of  stress  measurements  which 
had  been  made  on  the  bridges  of  the  Orleans  Railway.  The  experi- 
ments covered  small  plate-girder  and  pony-truss  spans.  In  some  plate 
girders,  in  reference  to  which  apprehension  had  been  aroused  by  ex- 
cessive calculated  stresses,  the  measured  stresses  were  found  to  be 
considerably  lower.  Plate  girders  supporting  longitudinal  ties  and 
rails  were  found  to  act  as  beams  with  fixed  ends,  with  a  large  reduction 
of  stress  at  the  center,  and  reversed  stresses  at  the  ends.  In  pony 
trusses,  secondary  stresses  as  high  as  30%  appeared  on  the  outside 
of  the  top  chords,  caused  by  the  trusses  bending  inward  near  the 
center  of  the  bridge  as  a  result  of  the  floor-beam  deflections.  The 
bottom  chords  of  through  bridges  showed  smaller  stresses  than  the 
top  chords,  on  account  of  the  former  being  partly  relieved  by  the 
stringers  and  the  bottom  laterals  taking  part  in  the  elongation.  All 
floor-beams  were  found  to  act  nearly  as  simple  beams,  the  end  constraint 
being  negligible.  Stringers  acted  as  simple  beams  for  a  load  on  one 
side  of  the  floor-beam,  and  as  beams  with  fixed  ends  for  symmetrical 
loading. 

The  results  of  these  experiments  demonstrated  the  necessity  of 
detailing  stringers  for  full  negative  bending  moments  where  they 
frame  into  floor-beams;  the  desirability  of  using  deep  stringers  to 
avoid  high  torsional  stresses  in  the  floor-beams  from  one-sided  load- 
ing; and  the  importance  of  using  deep  floor-beams  and  verticals  com- 
paratively slender  in  the  transverse  direction  in  order  to  minimize 
the  bending  stresses  arising  from  the  floor-beam  deflections. 

In  1905  and  1906,  W.  Gehler  conducted  a  series  of  tests  and 
measurementsf  on  a  railway  bridge  of  128  ft.  span  at  Elsterwerda, 
Saxony.    It  was  a  ten-panel,  Pratt  truss,  skew-bridge;  and  the  loading 


*  "Conference  sur  I'Experimentation  des  Fonts",  Annales  des  Fonts  et  Chaussees, 
1901,  III. 

t  "Nebenspannungen  eiserner  Fachwerkbriicken",  Berlin,  1910. 
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consisted  of  two  tank  c-ars  i)lact'd  nviw  the  middle  of  the  span.  The 
viTtioal  deflections  at  the  lower  i)aiiel  points  were  measured  with 
Friinkel-Louner  deflectometers,  and  the  rotation  angles  of  the  same 
points  were  observed  with  extreme  care  by  using  highly  sensitive 
si)irit  levels.  The  measurements  agreed  closely  with  the  values 
l>revionsly  calculated,  except  for  some  small  variations  which  were 
tracril  to  the  stiflness  of  the  track  and  the  effect  of  the  skew  arrange- 
ment of  the  trusses.  The  results,  on  the  whole,  afforded  a  valuable 
proof  of  the  remarkably  close  agreement  attainable  between  theoretical 
computations   and    actual   conditions   in    a    bridge   structure. 

Gelilcr  had  iigured  the  secondary  stresses  in  the  trusses  from  the 
theoretical  vertical  and  angular  deflections  of  the  lower  panel  points; 
and  he  regarded  this  check  on  these  deflections  as  a  verification  of 
the  calculated  secondary  stresses.  lie  recommends  this  procedure  as 
an  experimental  method  for  determining  the  actvnil  secondary  stresses 
in  a  truss. 

To  make  the  foregoing  investigation  complete,  some  direct  stress 
measurements  were  made  with  Frankel-Leuner  extensometers,*  which 
give  automatic  graphic  records  of  the  varying  stresses.  On  account 
of  the  unsatisfactory  precision  of  these  instruments,  the  results  were 
so  erratic  that  Gehler  concluded  that  extensometers  are  not  suitable 
for  the  measurement  of  secondary  stresses. 

In  1907-09  a  sub-committee  of  the  American  Railway  Engineering 
Association,  consisting  of  F.  E.  Turneaure,  M.  Am.  Soc.  C.  E.,  C.  L. 
Crandall,  M.  Am.  Soc.  C.  E.,  the  late  C.  H.  Cartlidge,  M.  Am. 
Soc.  C.  E.,  and  the  late  C.  C.  Schneider,  Past-President,  Am.  Soc. 
C.  E.,  conducted  a  series  of  tests  on  a  large  number  of  plate-girder 
and  truss  bridges,  ranging  in  span  from  30  to  440  ft.  They  used 
special  test  trains,  and  measured  the  deflection  at  the  center  of  the 
span  and  the  strains  in  the  various  kinds  of  members.  The  object 
of  the  tests  was,  not  to  determine  secondary  stresses,  nor  to  compare 
calculated  and  measured  primary  stresses,  but  to  ascertain  the  relative 
amounts  of  the  resulting  deflections  and  strains  for  various  speeds 
of  the  moving  loads,  in  order  to  establish  the  proper  provision  to  be 
made  for  impact  stresses.  The  results  and  conclusions  are  contained 
in  the  report  of  the  Committee.* 

•  Der  Civilingenieur,  1882,  p.  200. 

t  Bulletin  No.  125,  Am.  Ry.  Eng.  Assoc...  July,  1910. 
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In  1911  the  Sub-Committee  of  the  American  Railway  Engineering 
Association  made  a  theoretical  and  experimental  study  of  secondary 
stresses  in  truss  bridges.  In  several  bridges,  of  both  riveted  and  pin- 
connected  types,  the  secondary  stresses  at  selected  points  were 
measured  with  extensometers.  In  the  case  of  a  105-ft.  pony  Warren 
truss,  a  comparison  was  made  of  the  calculated  and  measured  secondary 
stresses  in  the  members.  The  results  are  published  in  the  report* 
of  the  Committee. 

With  the  exception  of  the  105-ft.  span  last  mentioned,  the  writer 
knows  of  no  published  comparison  between  measured  and  calculated 
secondary  stresses. 

Gehler's  work  was  only  a  partial  check  on  the  calculations  of 
secondary  stresses,  as  he  merely  measured  functions,  namely,  panel 
point  deflections  and  rotations,  from  which  the  actual  secondary 
stresses  had  to  be  computed. 

All  the  published  stress  measurements  were  made  for  loads  on 
existing  structures.  They  afford  no  information  as  to  the  strains 
produced  by  dead  load  or  the  effect  of  the  erection  on  the  secondary 
stresses. 

None  of  the  published  measurements  was  made  on  indeterminate 
structures  or  on  any  structure  exceeding  440  ft.  in  span. 

Eeasons  for  Taking  the  Measurements. 

The  magnitude  of  the  Hell  Gate  Arch  Bridge  and  its  unusual 
structural  features  suggested  to  Mr.  Lindenthal  the  desirability  of 
utilizing  the  structure  for  scientific  research.  By  preparing  the 
members  for  extensometer  measurements  and  taking  initial  readings 
before  erection,  the  huge  arch  was  converted  into  an  instrument  for 
the  experimental  study  of  the  true  stress  conditions  in  a  structure. 

The  trusses  of  the  bridge  are  doubly  indeterminate :  they  are  two- 
hinged  arches,  and  they  have  redundant  diagonals  in  the  center  panel. 
It  has  often  been  advanced,  as  an  objection  to  the  use  of  indeter- 
minate bridge  types,  that  the  computations  are  highly  theoretical  and 
the  actual  stress  conditions  are  uncertain.  It  is  hardly  necessary  to 
remark  that  this  argument  should  have  little  weight  under  modern 
methods  of  design  and  construction.  As  an  answer  to  such  objections 
in  the  future,  it  appeared  to  be  of  interest  to  demonstrate,  by  measure- 

*  Bulletin  No.  163,  January,  1914. 
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ineiit.  the  identity  of  calculated  and  actual  stresses  in  tlie  finished 
structure. 

Another  possible  pm'pose  of  extensometer  measurements  is  to 
sui>i>I.v  an  added  safeguard  for  a  structure  during  erection  by  measur- 
ing the  stresses  at  critical  points.  The  stresses  in  the  various  mem- 
l>ers  of  the  arch  and  in  the  back-stays  were  measured  in  the  successive 
stages  as  the  trusses  were  built  out  from  shore,  panel  by  panel,  to 
their  junction  at  mid-span.  Wlien  any  of  the  stresses  were  nearing 
their  maximum  values,  they  were  closely  watched  until  the  critical 
stage  was  passed. 

In  one  instance,  one  of  the  eye-bars  in  the  forward  stay  was 
found  to  have  a  stress  55%  higher  than  the  average  stress  in  the 
group  of  eye-bars.  This  appeared  in  an  early  stage  of  the  erection, 
when  the  stresses  were  low.  As  the  erection  progressed,  however, 
and  a?;  was  to  be  expected,  the  difference  in  stress  gradually  diminished 
until,  in  the  last  stage,  all  the  eye-bars  were  found  to  be  uniformly 
strained  to  nearly  20  000  lb.  per  sq.  in. 

Another  application  of  the  extensometer  was  to  provide  a  check 
in  some  of  the  critical  operations  in  the  erection  of  the  structure. 
After  seven  panels  had  been  erected,  the  hydraulic  jacks  at  the  tops 
of  the  erection  towers  were  operated  to  put  the  forward  stay  in  tension 
and  release  the  lower  stay.  The  completion  of  this  operation  was 
checked  by  measurements  of  the  stresses  in  both  stays.  When  this 
jacking  was  performed  on  the  Wards  Island  side,  a  small  compres- 
sion was  foupd  in  the  lower  stay,  indicating  that  the  jacking  had 
gone  too  far;  the  jacks  were  then  lowered  slightly  until  the  stress 
was  reduced  to  zero. 

After  the  trusses  met  at  mid-span,  the  lowering  of  the  jacks  to 
close  the  arch  was  closely  followed  by  measurement  of  the  diminishing 
stress  in  the  forward  stay.  Measurements  were  also  made  in  the 
central  chord  member,  in  order  to  make  sure  that  there  was  no 
eccentricity  of  bearing  at  the  junction  of  the  two  half-arches. 

The  final  operation  consisted  in  closing  the  top  chord  at  the  crown 
in  order  to  convert  the  structure  into  a  two-hinged  arch.  A  large 
bolt,  connecting  across  the  joint,  was  provided  in  order  to  hold  the 
members  together  until  the  drilling  of  holes  and  riveting  could  be 
completed.  This  bolt  had  to  be  adjusted,  by  a  set  of  nuts,  to  an 
initial  condition  corresponding  to  zero  stress  at  60°  Fahr.     The  exten- 
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someter  was  used  to  control  this  operation  and  to  check  th(>  suhsequent 
stresses  in  the  top-chord  member. 

The  tinal  object  of  the  extensonieter  measiu'ements  was  to  pro- 
vide a  comparison  between  the  eakndated  and  the  actual  secondary 
stresses  in  the  structure.  In  addition  to  the  general  scientific  value 
of  such  a  comparison,  there  were  special  conditions  whicli  called  for 
a  determination  of  the  true  stresses.  These  conditions  were  the  can- 
tilever method  of  erection,  the  use  of  drift-pins  for  temporary  con- 
nection and  their  subsequent  replacement  by  rivets,  the  three-faced 
butt-joints  in  the  lower  chord,  and  the  unprecedented  dimensions  and 
form  of  cross-section.  These  features,  separately  and  oonibined.  modify 
the  secondary  stresses  materially  and  render  it  extremely  difficult,  if 
not  impossible,  to  arrive  at  the  true  secondary  stresses  by  calculation. 

The  Insthument  and  the  Method  oe  its  Opeuatiox. 

The  instrument  used  for  the  stress  measurements  on  the  Hell  Gate 
Arch  Bridge  (l^'ig.  1)  was  a  20-in.  strain  gauge,  designed  by  Mr. 
James  E.  Howard.  This  instrument  is  essentially  a  micrometer  caliper. 
The  measuring  points,  made  of  hard  steel  and  conical  in  form,  are 
attached  to  the  barrel  and  the  rod,  i-espectively ;  and  the  distance 
between  the  two  points  is  measured  by  a  micrometer  contact  screw 
at  one  end  of  the  barrel.  This  screw  reads,  by  a  circumferential 
vernier,  to  0.0001  in.  It  is  provided  with  two  milled  heads  having 
a  spring  ratchet  between  them  which  slips  when  contact  is  made. 
Some  operators  prefer  to  use  the  inside  milled  head,  relying  on  their 
sensitiveness  of  touch  to  detect  the  instant  of  contact;  others  use 
The  outside  or  ratchet  head.  The  barrel  of  the  instrument  is  covered 
with  leather  for  mechanical  and  thermal  protection. 

Accompanying  the  instrument  is  a  rectangular  steel  bar  used  as 
a  reference  or  comparison  bar  (Fig.  2).  It  is  provided  with  two 
center  holes  or  gauge  points  20  in.  apart.  Whenever  a  reading  is 
taken  on  the  member,  a  comparison  reading  is  taken  on  the  bar;  the 
difference  between  these  two  readings  is  the  measurement.  This 
method  of  operation  eliminates  the  effects  of  personal  equation,  as 
the  same  observer  takes  the  readings  on  the  bar  and  on  the  member. 
It  also  dispenses  with  the  necessity  of  knowing  the  temperature  of 
the  instrument,  as  the  unknown  effect  of  this  temperature  is  eliminatcnl 
in  subtracting  the  member  reading  from  the  bar  reading. 
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Fig.    1. — Howard  Bxtensomkti;!!. 


Fig.   2. — Comparison  Bar. 
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Fig.   3. — Trammel  Bar. 
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No  expansion  correction  is  necessary  if  the  reference  bar  and  the 
nicinlicr  liave  the  same  temperature;  and,  for  this  reason,  the  bar 
is  allowed  to  rest  on  the  member  in  order  to  equalize  the  temperatures 
lu't'ore  the  extensometer  is  applied.  Nevertheless,  two  thermometers 
are  provided,  one  permanently  inserted  in  the  face  of  the  reference 
bar  and  the  other  to  be  placed  between  the  gauge  points  on  the  member 
being  measured.  When  the  measurement  is  taken,  the  two  thermometer 
readings  are  observed  and  recorded,  so  that  a  correction  may  be 
made  for  any  ditference  between  them. 

There  is  also  furnished  with  the  instrument  a  steel  trammel  bar 
(Fig.  3)  holding  two  prick  punches  20  in.  apart.  This  is  used  for 
laying  out  the  holes  in  the  members  to  be  tested. 

The  holes  in  the  steel  are  drilled  with  a  hand  ratchet  drill  provided 
with  combination  bits,  consisting  of  drill  and  countersink.  The  size 
of  the  drill  is  No.  57,  and  the  countersink  is  GO  degrees.  After  drilling 
a  hole,  the  edge  between  the  countersink  and  cylindrical  shaft  is 
removed  with  a  center  punch  which  has  been  ground  to  an  included 
angle  of  55  degrees.  With  the  tap  of  a  hammer,  the  punch  leaves 
a  small  conical  seat  to  receive  the  measuring  points  of  the  extensometer 
which  are  also  ground  to  55  degrees.  This  special  form  of  recessed 
gauge  mark,  with  its  combination  of  three  surfaces,  has  a  number 
of  advantages:  The  extreme  tips  of  the  measuring  points  are  not 
used,  thus  eliminating  the  errors  which  would  result  from  the  un- 
avoidable wear  of  these  tips;  the  contact  is  on  an  area,  instead  of  a 
point  or  line,  thereby  reducing  the  wear  of  the  measuring  points 
and  the  errors  from  compression  of  the  bearing  surface;  the  bearing 
area  is  depressed  below  the  surface  of  the  steel,  so  that  it  is  better 
protected  from  svirface  dirt  and  mechanical  injury.  The  60°  counter- 
sink helps  in  guiding  the  measuring  points  to  their  seat.  The  cylin- 
drical shaft  will  hold  small  particles  of  dust  or  grit  remaining  at  the 
bottom  of  the  hole  without  interfering  with  the  precision  of  the 
measurement. 

Oil,  vaseline,  or  Ivory  Black  paint  are  used  for  protecting,  filling, 
or  covering  the  holes,  depending  on  the  interval  between  successive 
measurements.  A  pointed  aluminum  rod,  a  small  cedarwood  stick, 
and  some  absorbent  cotton  are  used  for  cleaning  the  holes  before 
taking  any  readings. 
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For  the  best  operation  of  the  instrument,  two  men  are  required: 
one  to  set  the  measuring  points  in  the  holes  and  hold  the  instrument 
square  against  the  member;  the  other  to  operate  the  micrometer  and 
take  the  readings. 

The  Howard  strain  gauge  is  probably  the  simplest  and  most  accu- 
rate field  instrument  for  measuring  strains.  It  is  free  from  the  inertia 
and  vibration  errors  which  are  inherent  in  automatic  and  recording 
types  of  extensometers;  but  it  requires  careful  and  experienced 
observers  to  attain  the  full  degree  of  precision  afforded  by  the  instru- 
ment. Unless  the  readings  are  checked  and  all  necessary  precautions 
are  observed,  the  apparent  precision  of  the  readings  to  0.0001  in. 
will  be  illusory,  and  the  measurements  will  be  worthless. 

Without  mentioning  all  the  precautions,  most  of  which  will  readily 
suggest  themselves  to  any  one  who  has  worked  with  instruments  of 
precision,  it  may  be  stated  in  general  that  in  order  to  get  good  results 
from  the  measurements,  everything  depends  on  the  cleanliness  of 
the  holes,  the  proper  placing  of  the  strain  gauge,  the  careful  opera- 
tion of  the  micrometer  head,  and  due  regard  to  temperature  conditions. 

Al'PLlCATIOX    TO    THE    HeLL    GaTE    ArCH. 

In  the  Hell  Gate  Arch,  the  lower  chords  present  the  most  interesting 
problems  in  stress  distribution.  Moreover,  they  are  the  most  important 
members,  carrying  nearly  all  the  dead  load  and  live  load  covering 
the  whole  span.  For  this  reason,  together  with  the  restricted  time 
afforded  between  erection  stages  to  take  more  stress  measurements, 
it  was  decided  to  confine  the  observations,  in  general,  to  the  lower 
chord  members.  g 

As  the  half-arches  were  cantilevered  out  from  shore,  the  suc- 
cessive erection  stages  were  designated  by  numbers.  The  first  six 
panels  were  built  out  with  the  lower  stay  acting,  and  the  correspond- 
ing erection  stages  are  numbered  "One"  to  "Six",  respectively.  The 
transfer  of  tlie  load  to  the  tipper  stay  i»roduced  the  condition  called 
Stage  "Seven",  and  the  erection  of  the  seventh  to  the  eleventh  panels 
constituted  Stages  "Eight"  to  "Twelve",  respectively.  (Plate  XXXVI.) 
The  joining  of  the  two  half-arches  at  mid-span  and  the  release  of  the 
back-stays  brought  the  trusses  to  the  three-hinged  condition,  which 
was  designated  as  "Stage  3-7/."  Then  followed  the  erection  of  the 
hangers,   floor-beams,   stringers,   floor,   and   track,   and   the   closing   of 
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PLATE  XXXVI. 

PAPERS,  AM.  80C.  C.   E. 

OCTOBER,  1917. 

STEINMAN  ON 

SECONDARY  STRESSES  IN 

HELL  GATE  ARCH  BRIDGE. 


AH  Prinmy  Stresses  Bie  compression,  snd  are  gisen  In 
poAUids  per  sgaare  incli. 

AJl  Secondary  Stresses  are  either  tension  or  compression, 
representing  equal  ^calues  of  opposite  sigiUnthe  top  and  bo&tem 
fibers  of  a  section. 

All  Secondary  Stresses  axe  given  in  percentages  of  tlie  car- 
responding  Primary  Stresses. 

Each  Calculated  Primary  Stress  is  calculated  for  the  actual 
w:eight  and  coodition  of  structure  and  travelers  at  the  time  the 
corresponding  stress  was  measured. 

Each  Mteasured  Primary  Btress  is  Che  average  of  tvrelre 
strain  measurements,  six  points  being  observed  at  eacfb  end 
of  each  member. 

'  Each  Calculated  Secondary  Stress  is  fhe  larger  of  fhe  two 
secondary  stresses  calculated  fortliet.\vo  ends  of  each  member 
in  each  erection  stage. 

Each  Measured  Secondary  Stress  is  the  larger  of  the  two 
secondary  stresses  found  for  tbe  two  ends  of  each  member  in 
each  erection  stage,  the  secondary  stress  at  each  end  being  ob- 
tained as  one-half  the  difference  between  the  average  stresses 
in  the  top  and  bottom  fibers  of  {he  cross-scclion. 

Eor  Stage  3-H,  fhe  Calculated  Secondasy  Stresses  were  fig- 
ured for  the  theoretical  stage  with  no  floor-beams  or  hangere 
erected. 

As  the  field  measurements  weretaken  during  fhe  erection 
of  floor-beams  and  hangei-s.witb  varying  positions  of  the=erect- 
lon  travelers,  the  Measured  Secondary  Stresses  for  fhis  stage 
are  not  properly  comparable  with  fhe  Calculated  Secondary 
presses  and  are  therefore  omitted  from  the  tabulation. 


EXTENSOMETER  MEASUREMENTS 

OF 

STRESSES  IN  BOTTOM-CHORD 

MEMBERS  OF  HELU  GATE 

ARCH  BRIDGE. 
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SECTION  OF   BOTTOM   CHORD  OF 
HELL  GATE  ARCH  BRIDGE 
SHOWING   LOCATION  OF  GAUGE   POINTS 
I     FOR  STRESS  MEASUREMENTS 

h- e'eVi" H 


tlie  crown   hiuf^o,  bringing  the   arcli  to   the  tinal  or  two-hinged   con- 
dition known  as  "Stage  2-H." 

To  secure  full  information  as  to  the  distribution  of  stress  in 
any  member,  it  is  necessary  to  take  measurements  at  not  less  than 
tliree,  and  preferably  four,  points  of  the  cross-section  near  each  end 
of  the  member.  The  intensity  of  stress  at  any  other  point  of  the 
member  can  then  be  found  by  planar  and  linear  interpolation. 

The  lower  chords  of  the 
Hell  Gate  Arch  have  a  double 
rectangular  t^ection  (Fig.  4), 
consisting  of  two  compart- 
ments separated  by  a  horizon- 
tal diaphragm.  On  account  of 
the  mass  of  metal  concentrated 
at  and  near  this  diaphragm, 
nieusuremcnts  at  the  four  ex- 
treme corners  of  the  section 
would  not  be  fairly  representa- 
tive of  the  conditions  through- 
out the  entire  area.  Any  dif- 
ference of  temperature  be- 
tween the  horizontal  dia- 
phragm and  the  outside  webs 
tends  to  produce  internal 
stresses  in  the  member,  result- 
ing in  a  difference  between  the 
stress  in  the  diaphragm  and 
the  average  stress  throughout 
the  rest  of  the  cross-section. 
Furthermore,  the  beveling  of 
the  outer  thirds  of  the  webs  (Fig.  6),  produces  a  concentration  of  stress 
in  the  middle  third  of  the  joint.  For  these  reasons  it  was  judged  neces- 
sary to  take  six  readings  at  each  cross-section,  instead  of  four;  the  two 
additional  readings  being  taken  at  mid-height  in  the  vertical  webs, 
as  indicated  in  Fig.  4. 

Tlie  large  dimensions  of  the  chord  sections  permitted  all  the 
measurements  to  be  taken  on  the  inside  of  the  members.  This 
afforded  better  protection  for  the  gauge  points   from  rain  and  dirt. 


Sectioa  taken 
looking  toward  center  of  span 

Fig.  4. 
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Incidentally,  it  secured  better  protection  for  the  observers  from  falling 
drift-pins  and  rivets. 

The  gauge  points  were  drilled  and  the  initial  readings  taken  while 
the  members  were  still  on  the  dock  or  on  the  car-floats.  The  points 
were  located  in  the  vertical  legs  of  the  8  by  8-in.  flange  angles  connect- 
ing the  vertical  and  horizontal  webs,  and  as  near  the  panel  points 
as  possible,  but  not  within  gusset  or  splice-plates.  There  were  thus 
twelve  gauge  points  in  each  member,  each  gauge  point  consisting  of 
two  holes  20  in.  apart.  The  exact  location  of  each  gauge  point  was 
noted  for  permanent  record. 

For  designation,  the  gauge  points  were  numbered  from  1  to  6 
at  each  section,  and  to  these  figures  was  prefixed  the  number  of  the 
member.  Thus,  "hole  681"  denotes  the  upper,  left-hand  gauge  point 
near  panel  point  6  of  member  6-8 ;  similarly,  "hole  864"  denotes 
the  upper  right-hand  gauge  point  (No.  4)  near  panel  point  8  of  the 
same  member. 

The  number  of  the  hole  and  that  of  the  erection  stage  thus 
sufiice  to  identify  any  extensometer  reading. 

Because  of  the  more  rapid  erection  on  the  Wards  Island  side, 
one  half-truss  on  that  side  had  to  be  omitted  from  the  programme  of 
measurements.  The  remaining  three  sets  of  measurements,  however, 
are  sufficient  to  furnish  information  as  to  any  variations  from  the 
symmetrical  disposition  of  stresses  about  the  longitudinal  and  trans- 
verse center-lines  of  the  bridge. 

There  were  thus  twelve  pairs  of  holes  in  each  of  thirty-five  chord 
members  to  be  drilled;  and  stress  readings  were  to  be  taken  at  these 
points  in  fourteen  difl^erent  stages.  This  meant  a  total  of  more 
than  3  000  extensometer  measurements  in  the  regular  schedule,  be- 
sides special  measurements  in  the  back-stays  and  the  eye-bar  connection 
links. 

In  some  of  the  later  stages,  time  did  not  permit  all  the  chord 
stresses  to  be  measured;  and,  therefore,  alternate  members  were 
omitted. 

On  account  of  the  difficulty  of  traveling  through  the  members 
with  the  instruments,  involving  crawling  through  numerous  dia- 
phragm holes,  much  time  was  consumed  in  going  to  and  from  the 
points  of  measurement.  Consequently,  it  was  seldom  possible  to 
measure  more  than  two  members  in  a  day. 


Pai)ers.]      STRESS   M  KASr  |{HM  KN  TS, 


IIKI.L   C.V 


AIUIl    liKrDUK 


IS  111 
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liKC'oKD   OK    KXTENS^OMETEII  READINGS  AT  HeLL  GaTE  ArCII   BrIDGE. 

Location  :  Long  Island  End,  Member  0-2,  Soutli  Truss,  and  Member  2-4, 

North  Truss. 
Date:  Sept.  15,  1915.     Time:  8.30  a.  m.  to  4.15  p.  m.     Weather:  Ck-ar. 
Observers :  O.  H.  S.  Koch  and  A.  V.  O'Donnell. 


No. 


Temperature. 
Deorees  Fahr. 


Air. 


Bar. 


Mem- 
ber. 


Heading. 


Bar. 


Member. 


Difference  in 

Length  Between  Bar 

AND  Member. 


Measured. 


Corrected 
for  temp. 


.2t.§2 

ce  o  3  1) 
o  e  ""'  '- 
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South  Truss,  Member  0-2. 


2025 

78.5 

78 

9983 

2()2fi 

80 

78 

9978 

2(»27 

80 

78.5 

9977 

202S 

80 

79.5 

9977 

2029 

81 

78 

9978 

2()30 

81 

79 

9978 

2<i31 

82 

80 

9978 

2032 

82 

80 

9978 

2033 

K3 

81 

9981 

2034 

88 

79.5 

9980 

2035 

83 

80 

9980 

2031) 

W 

as. 5 

84 

9980 

9877 
9850 
9855 
0139 
9898 
9935 
9789 
9878 
9896 
9966 
9892 
9930 


—0106 
-0128 
—0122 
+0162 
—0080 
—0043 
—0239 
—0100 
—0085 
—0014 
—0088 
—0050 


—0105 
-0125 
—0120 
+01ti3 
—0076 
—0040 
—0236 
-0«)7 
—0082 
—0009 
—0084 
-0051 


19.9895 
19.9875 
19.9880 
20.01(53 
19.9924 
19.9060 
19.9764 
19.9903 
19.9918 
19.9991 
19.9916 
19.9949 


025 
024 
081 
022 
205 
204 
201 
202 
023 
026 
206 
203 


North  Truss,  Member  2-4. 


2037 

85.5 

83 

9982 

99,52 

—0030 

-0027 

19.9973 

245 

2038 

85.5 

87 

9982 

9975 

—0007 

-0(09 

19.9991 

244 

2ft39 

86 

86 

9982 

9995 

+0013 

4-0013 

20.0013 

242 

2040 

86 

88 

9981 

9950 

—0031 

—0034 

19.9966 

241 

2041 

86.5 

85.5 

9982 

9990 

+0008 

+0009 

20.0009 

422 

2042 

86.5 

89 

9981 

9919 

-0062 

—0065 

19.9935 

421 

2043 

87 

83.5 

9981 

0013 

+0032 

+0037 

20.0037 

425 

2044 

87 

87.5 

9981 

0340 

403.59 

+0358 

20.0358 

424 

2(M5 

87 

86 

9988 

9991 

+0008 

+0009 

20.0009 

240 

2046 

87 

90.5 

9982 

0045 

+00<i3 

+0058 

20.0058 

24:i 

2047 

87.5 

87 

9981 

9974 

—0007 

-0006 

19.9994 

423 

2048 

86 

87.5 

86 

9981 

0008 

+0027 

+0029 

20.0029 

426 

Notes. — No.  =  serial  number  of  observation.  Under  temperature  :  air  =  atmospheric 
temp.,  bar  =  temp,  of  std.  reference  bar,  member  =  temp,  of  member  or  metal.  Under 
reading :  bar  =  strain  gauge  measurement  of  std.  reference  bar,  member  =  strain  gauge 
measurement  of  member  or  metal. 

Remabks. — Erection  Stage  No.  10,  traveler  still  at  15-17.    Wind  :  southwest,  mild. 

Signed,     Otto  H.  S.  Koch. 

Table  1  shows  a  typical  field-office  record  sheet.  It  also  serves 
to  indicate  the  arrangement  in  the  field  notebook,  as  the  record 
sheet  is  practically  a  typewritten  copy  of  the  field  entries. 

From  the  record  sheets  the  measurements  were  entered  and  com- 
puted on  office  cards,  illustrated  by  Tables  2,  3,  and  4.  One  of  these 
cards  was  provided  for  each  member,  with  spaces  for  entering-  the 
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observed  strains  in  each  erection  stage.  Following  the  numbers  or 
marks  of  the  gauge  points  there  is  a  column  headed  "Initial"  in 
which  are  recorded  the  lengths  between  gauge  points  before  the 
member  is  stressed.  The  standard  length  of  20  in.  is  understood  to 
be  added  to  each  of  these  figures.  In  the  remaining  columns  the 
figures  denote  the  actual  strain,  that  is  the  increase  or  decrease  from 
the  initial  gauge  length  for  the  different  erection  stages.  Each  unit 
of  strain  (0.0001  in.)  represents  a  fiber  stress  of  150  lb.  per  sq.  in.; 
hence  the  sum  of  the  six  strains  at  a  section,  multiplied  by  25,  gives 
the  average  unit  stress  in  the  member.  The  calculated  stresses,  in- 
serted for  comparison  with  the  measured  stresses,  were  computed 
from  the  shipping  weights  of  the  erected  members,  with  an  allowance 
for  erection  material. 

The  extreme  strain  readings  observed  for  each  member,  multi- 
plied by  150,  give  the  minimum  and  maximum  fiber  stresses  in  the 
member. 

From  the  cards  the  summary  table  (Plate  XXXVI)  was  compiled, 
giving  a  comparison  of  the  calculated  and  the  observed  stresses  in  the 
various  erection  stages. 

The  secondary  stresses  were  computed  from  the  strain  measure- 
ments, as  follows :  The  average  of  the  observed  strains  in  Holes 
1  and  4  at  any  section  gave  the  upper  fiber  stress;  the  average  for 
Holes  3  and  6  gave  the  bottom  fiber  stress;  one-half  the  difference 
between  these  two  extreme  fiber  stresses  gave  the  secondary  stress. 
This  result  divided  by  the  average  stress  in  the  member  gave  the 
secondary  stress  as  a  percentage  of  the  primary  stress. 

Results  of  the  Stress  Measurements. 

A  tabulation  of  the  results  of  the  stress  measurements  on  the 
Hell  Gate  Arch  during  erection  is  shown  on  Plate  XXXVI.  The  notes 
and  data  on  that  plate  render  it  self-explanatory. 

The  results  of  the  observations  have  been  studied  from  various 
angles,  in  order  to  determine  the  following  relations : 

1. — Comparison  of  the  measured  average  stresses  at  the  two  ends 
of  each  member,  as  an  index  of  the  precision  of  the  method; 

2.— Comparison  of  measured  with  calculated  primary  stresses; 

3. — Comparison  of  extreme  secondary  stresses  with  primary 
stresses,  in  order  to  establish  empirical  relations  between  the  two ; 


I'apers.]      STRlvSS   MHASLKEMKXTS,   HELL  GATE  AKCII   Bltllx; 


1831 


+ 

-)        '         09 

8   '    2 


Upper  end. 


^     I! 


•  cow  — 


4-I-H-I  + 

ggggsjg 

^  Ol  X  bS  —  S 


(Aiwer  end. 


^  ooc 

>  Kite  to 

.to  10  — 


-h+l  +  l 

Sggggg 


4-1111 


^-WOCIO  — 05  V 


I      1+  I 


—  tool  —  o  o 


Mill 


0>  —  05  -J  W  -1  Ot 


I  M  I  !  I 


.  o:  CJito  -I  to 


1^ 

1 

CO 

1 

1 

QO 

o 

..} 

1 

o 

° 

OD        1 

I  I  I  I  II 


cooos—coco 


I   I   I  I  I  I  II 


—  tocntocoooos 


1 

OS 

1 

1 

to 

1 

s 

^ 

B 

■d 

i_i  —  1-1  —  to — 

—  o^.-itooo 


I    I 


to  to  to  to  to  — 


3  to  to  to 


!-*>-'—  to  — to 

>».  lO- o>  o  c;>  03 


I    I 


Cp-^^  10  I-.  to 

*^  OS  :o  "^  -^i  oi 


I  I 


!   I   I   1 


—  —  to  — —  to 

-1 :2  o:  cc  03  ri^ 


I     I 


I     I 


^i 


->  O  O  it^  01  CO 


11  II  I 


>o~i-j  toos 

3  00  to  OI  Si  — 


I  I 


I  I  I  I  I    i 


o;  -J  OS  -1 00  - 

-^imo  coos- 


^ 

so 

r9 

r/3 

^ 

1— 1 

C=3 

W 

to 

W 

t?d 

1 

l<i 

H 

u^ 

w 

•< 

o 

o 

O 
> 

pi 

<n- 

H 

O 

H 

"^ 

H 

O 

n 

!=: 

!Z 

H 

CO 
CO 

cc 

w 

►B 

eg 

9  ? 

to 

•     Q 


1822 


STRESS  MEASUREMENTS,  HELL  GATE  ARCH  BRIDGE       [Papers. 


TABLE  3. — Typical  Office  Record  Card. 

JEXTENSOMETER  MEASUREMENTS  OF  ERECTION  STRESSES,  HeLL  GaTE  ArCH. 

Long  Island  End.     North  Truss.     Member  2-4. 


Hole. 


241 
•242 
243 
244 
245 
246 


Total. 


Aver,  stress. 


421 
422 
423 
434 
425 
426 


Total. 


Aver,  stress . 


Calc.  stress . 


Min.  stress . 


Max.  stress . 


—  0017 
+  0024 
+  0075 
+  0015 

—  0012 
+  0032 


—  0036 

-I-  0023 
-0001 
+  0386 
+  0057 
+  0087 


—  1000 


+ 


—    725 


828 


+1  800 


-2  700 


1600 


— 1  350 


150 


-3  750 


130 


—  3  250 


134 


-  3  350 


1350 


-5100 


■1800 


—  2025 


-2000 


150 


■4  650 


107 


2675 


—  2  600 


-3  280 


-    218 


5625 


■4  200 


7  050 


4. — Comparison  of  calculated  with  measured  secondary  stresses,, 
in  order  to  ascertain  the  effects  of  special  features  of  fabrication  and 
erection  on  these  stresses;  and 

5. — Comparison  of  calculated  with  measured  extreme  fiber  stresses, 
in  order  to  determine  the  resultant  effect  of  all  variations  in  primary 
and  secondary  stress. 

CoMP.\RisoN  OF  Measurements  at  the  Two  Ends  of  Each  Member. 

By  averaging  the  six  measurements  near  each  end  of  a  member, 
two  values  are  obtained  for  the  average  intensity  of  stress  in  the 
member.     The  difference  between  these  two  values,  provided  there  is 
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TABLE  4.— Typicaf.  Office  Rfcoijd  Card. 

EXTENSOMETKK  JMkASI'UKM  KXTS  OF   KuiX'TlON  STRESSES,  IIeLL  GaTE  ArCH. 

W;uh1s  Islniul  I'liul.     Nurtli  Truss.     Moinber  4-0. 


Hole. 

'5 

Hi 

a 
be 
a 

00 

«■ 

<a 

in 

s 

CO 

St 

00 

bt 

u 

c5 

« 
till 
a 

1< 
ex 

us 

95 

a 

4) 

S 

o 

401 
462 
463 
4b4 
465 
466 

-0078 
f  0015 
-0037 
-0016 
—  0034 
-0068 

—  12 

—  7 

—  14 

t        I 
+       2 

—  11 

—  6 

—  12 

±    t 

—  9 

-  17 

-  17 

-  14 

±   ,? 

-  5 

—  15 

—  13 

—  27 

—  1 

—  14 

—  18 

—  87 

—  85 

—  43 

—  20 

—  85 

—  38 

—  62 

-  75 

-  76 

—  51 

-  76 

—  70 

T 

otal 

-  18 

—   39 

—   59 

-   88 

—  208 

—   410 

- 

~ 

Aver 

—  450 

—  975 

— 1  475 

—  2  20ii 

-  5200 

—  10  250 

a 

u 

o. 
a 

641 
642 
643 
644 
64.T 
646 

—  0039 

—  0012 
+  0023 

—  0004 

—  0367 
+  0040 

—  4 

—  5 

—  5 

—  2 

—  1 
0 

—  14 

—  8 

—  3 

—  4 

—  11 
+   3 

—  21 

—  14 

—  1 

—  10 

—  11 

—  1 

—  17 

—  17 

—  15 

—  8 

—  15 

—  13 

—  44 

—  42 

—  32 

—  28 

—  34 

—  27 

-  70 

—  90 

—  69 

-  81 

—  139 

-  73 

T 

otal. . . 

—   17 

—   37 

-   58 

-   85 

-  207 

522 

-- 

- 

Aver 

stress. . 

—  425 

—  925 

—  1450 

—  2125 

-5  175 

-5  300 

13  050 

- 

- 

Calc. 

—  480 

-1070 

—  1440 

-2354 

11  500 

__ 

- 

Min. 

+  1350 

+  600 

+  750 

—  150 

—  3  000 

7  650 

~ 

- 

Max. 

stress. . . 

-2100 

—  2100 

—  8150 

—  4  050 

—  6  600 

—  20  850 

no  inequality  of  respective  cross-sections,  is  an  index  of  the  precision 
of  the  observations.  The  average  value  of  this  difference  for  all  the 
lower  chord  measurements  during  erection  was  140,  and  the  greatest 
value  was  500  lb.  per  sq.  in.  Consequently,  by  the  thoorj^  of  errors, 
the  result  obtained  by  averaging  the  two  end  stresses  has  an  average 
probable  error  of  47  and  a  maximum  probable  error  of  170  lb.  per 
sq.  in. 

The  foregoing  figures  represent  the  combined  effect  of  all  personal 
and  instrumental  errors  in  taking  the  observations.  A  very  small 
irror  in  each  of  the  instrumental  readings  will  account  for  these 
results.     Thus,  an  inaccuracy  of  0.0002  in.  in  each  micrometer  reading. 
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and  of  1°  Fahr.  in  each  temperature  reading,  will  produce  the  fore- 
going average  probable  error,  even  if  all  inaccuracies  compensate 
according  to  the  theory  of  probabilities.  A  very  small  fraction  of 
the  same  inaccuracies  will  suffice  to  account  for  the  observed  dis- 
crepancies, if  the  inaccuracies  do  not  compensate  fully  according  to 
the  probability  theory.  As  the  least  reading  of  the  micrometer  is 
0.0001  and  of  the  thermometer  is  1°  Fahr.,  the  results  given  indicate 
that  the  work,  as  a  whole,  was  carefully  executed,  and  that  the  utmost 
precision  afforded  by  the  method  was  actually  attained. 

Another  fact  to  be  observed  is  that  the  magnitude  of  the  differences 
between  the  end  measurements  has  no  connection  with  the  magnitude 
of  the  respective  stresses.  This  method  of  measuring  the  stresses 
makes  the  errors  independent  of  the  intensity  of  the  stress.  No 
matter  how  small  the  stress,  the  result,  as  just  shown,  may  be  in 
error  by  as  much  as  170  lb.  per  sq.  in.  These  considerations  indicate 
the  unsuitableness  of  this  method  of  stress  measurement  for  the 
smaller  stresses,  as  the  results  would  be  too  erratic.  Although  the 
stresses  measured  on  the  Hell  Gate  Bridge  ranged  from  400  to  20  000, 
the  writer  would  not  recommend  the  use  of  the  extensometer  for 
stresses  of  less  than  1  000  lb.  per  sq.  in. 

The  foregoing  discussion  of  results  does  not  include  the  final  stage 
(2-II).  In  that  stage,  in  the  members  near  the  ends  of  the  span,  the 
upper  end  in  every  case  was  found  to  present  a  larger  average  stress 
than  did  the  lower  end.  The  differences  ranged  from  450  to  2  800 
lb.  per  sq.  in.  This  anomalous  result  appears  to  arise  from  some 
unexplained  disturbance  of  stress  distribution,  and  does  not  represent 
any  error  of  observation. 

Comparison  of  Measured  with  Calculated  Stresses. 

A  comparison  of  measured  with  calculated  stresses  discloses  a 
greater  discrepancy  than  is  found  between  the  measurements  at  the 
two  ends  of  a  member.  This  is  due  to  other  factors,  besides  instru- 
mental and  personal  inaccuracies,  entering  into  consideration. 

The  results  of  the  comparison,  including  all  measurements  on 
chords,  eye-bars,  and  back-stays,  are  as  follows: 

For  stresses  in  the  ranges  0-1000,  1000-3  000,  3  000-5  000,  5  000- 
10  000,  and  10  000-20  000,  the  average  percentage  discrepancy  between 
the  calculated  and  measured  stresses  was  50,  17,  13,  8,  and  6%,  respec- 
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tivrly.  'Jlit'se  percentages  indicate  that  the  method  id  of  little  value  for 
checking  calculated  stresses  of  less  than  1  000  lb.  per  sq.  in.,  but  is  of 
increasing-  value  as  the  intensity  of  stress  increases. 

The  average  discrepancies  in  the  foregoing  ranges  were  223,  313, 
49S,  525,  and  829  lb.  per  sq.  in.,  respectively,  and  may  be  expressed 
very  closely  by  the  formula, 

Average     discrepancy     between  )  „    ,  ,    

'       '  \  =5%  oi  the  stress  +  200. 

calculated  and  measured  stress  J 

The  greatest  discrepancies  in  the  foregoing  ranges  were  535,  1  045, 
1  285,  1 200.  and  1  740,  respectively,  and  may  be  expressed  approxi- 
mately by  the  formula, 

^raxinunn  discrepancy  between  ) 

'(•  =  5%  of  the  stress  +  1  000. 
calculated  and  measured  stress  ' 

It  will  be  observed  that  these  formulas  contain  both  a  percentage 
factor  and  an  absolute  term,  indicating  that  the  discrepancy  between 
calculation  and  measurement  is  the  resultant  of  two  groups  of  errors, 
one  dependent  on,  and  the  other  independent  of,  the  magnitude  of 
the  stress. 

The  absolute  term  in  these  formulas  (average  200,  maximum  1  000 
lb.  per  sq.  in.)  may  be  assumed  to  represent  the  actual  inaccuracy 
of  the  measurements,  or  the  total  effect  of  personal,  instrumental,  and 
physical  errors. 

The  most  important  of  the  physical  errors  are  those  due  to  thermal 
•  tfects.  An  error  of  1°  Fahr.  in  determining  the  temperature  of  the 
-teel  at  the  point  of  measurement,  or  a  change  of  1°  Fahr.  in  the 
temperature  of  the  instrument  during  any  observation,  produces  an 
error  of  195  lb.  per  sq.  in.  in  the  resiJting  stress.  The  first  error 
named  is  not  necessarily  due  to  incorrect  reading  of  the  thermometer, 
but  may  be  caused  by  a  difference  in  temperature  between  the  inside 
and  the  outside  of  the  thick  webs  composing  the  members.  Such 
errors,  as  a  rule,  are  not  compensating;  they  would  naturally  occur 
in  the  same  direction  at  both  ends  of  a  member,  and,  therefore,  would 
not  appear  in  the  difference  between  the  two  end  measurements. 

Other  errors  arise  from  differences  in  temperature  between  dif- 
ferent points  of  the  large  chord  sections.  Thus,  on  a  sunny  day, 
the  outside  webs  and  covers  may  be  hotter  than  the  middle  diaphragm. 
The   resulting   differences   of    expansion    produce    a   redistribution    of 
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the  stress  in  the  cross-section.  Although  the  actual  average  stress 
throughout  the  entire  section  must  remain  unchanged,  the  measured 
average  stress  will  be  affected  by  these  internal  temperature  strains, 
as  the  readings  are  taken  at  a  limited  number  of  points  in  the  cross- 
section. 

It  is  difficult  to  estimate  the  total  probable  error  due  to  these 
effects  of  temperature.  Nevertheless,  from  a  study  of  the  results 
of  the  measurements,  it  appears  that  the  effect  of  the  combined  tem- 
perature errors,  together  with  any  other  unascertainable  physical 
effects,  is  to  increase  the  probable  error  of  the  stresses,  as  previously 
determined,  from  47  (average)  and  170  (maximum)  to  200  (average) 
and  1000  (maximum). 

The  foregoing  discussion  should  serve  to  emphasize  the  importance 
of  careful  attention  to  temperature  conditions  in  taking  observations; 
and  it  explains  why  cloudy  days  should  be  selected  in  order  to  obtain 
the  most  accurate  results. 

After  deducting  all  personal,  instrumental,  and  temperature  errors, 
represented  by  the  absolute  term  in  these  formulas,  there  still  remains 
a  discrepancy  between  the  calculated  and  the  measured  stresses  repre- 
sented by  the  percentage  term  (5%).  This  covers  all  percentage  errors 
in  the  measured  and  the  calculated  stresses,  that  is,  all  errors  which 
are  proportional  to  the  magnitude  of  the  stress. 

In  the  measured  stresses,  the  only  percentage  error  arises  from 
variations  in  the  value  of  the  modulus  of  elasticity  from  the  assumed 
value  of  30  000  000.  Such  variation  does  not  affect  the  accuracy  of 
the  measurements,  but  simply  the  conversion  of  the  measured  strains 
into  intensities  of  stress.  The  restJting  stress  is  then  affected  by  a 
percentage  error  equal  to  the  percentage  variation  in  the  value  of  E, 
and  this  may  amount  to  rt  3  per  cent. 

In  the  calculated  stresses,  all  errors  are  percentage  errors.  They 
are  caused  principally  by  variations  in  the  loading  and  cross-sections 
from  the  values  assumed.  In  the  assumed  loads  there  is  a  probable 
error  of  about  rt:  3%,  on  account  of  the  uncertainty  in  allowing  for 
the  weight  of  traveler,  track,  rivets,  pins,  staging,  etc.  In  the  cross- 
sections  there  is  a  probable  error  of  zt:  2%  on  account  of  the  differ- 
ence between  actual  and  theoretical  sections. 

The  combined  effect  of  the  foregoing  errors  in  assuming  the 
loading,  cross-sections,  and  value  of  E,  will  account  for  the  percentage 
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tenn    (ziz   5%)    in   tliu  discrepancy  between   calculated  and  measured 
stresses. 

The  major  part  of  this  discrepancy  of  5%  arises  from  the  errors 
in  the  calculated  stress.  This  demonstrates  the  futility  of  excessive 
refinement  in  the  calculation  of  stresses. 

Comparison  of  Extreme  Secondary  Stresses  with  Primary  Stresses. 

The  object  of  this  comparison  was  to  establish  a  relation  between 
the  average  stresses  and  the  extreme  variations  from  these  average 
stresses  in  the  members  of  the  structure.  The  information  derived 
from  such  comparisons  should  be  of  value  in  guiding  the  selection 
and  specification  of  working  stresses  for  bridge  materials.  For  this 
inirpose  it  appeared  desirable  to  get  the«extreme  variation  of  fiber  stress 
in  each  member,  without  regard  to  the  cause  or  causes  producing  it. 
Such  secondary  stresses  would  include,  not  only  the  stress  from 
bending  of  the  members  in  the  plane  of  the  truss,  as  usually  computed, 
but  also  any  horizontal  or  lateral  bending  stresses  from  wind  and 
transverse  strains,  effect  of  shop  inaccuracies,  internal  temperature 
strains,  lack  of  uniformity  of  material,  and  any  other  possible  causes. 

As  a  fair  measure  of  this  extreme  secondary  stress,  including  the 
re=ultant  effect  of  all  possible  contributing  elements,  the  difference 
was  taken  between  the  average  of  the  twelve  measurements  in  a 
member  and  that  one  of  the  twelve  measurements  departing  most 
widely  from  the  average. 

A  comparison  of  the  secondary  stresses  thus  obtained  with  the 
corresponding  primary  (or  average)  stresses  yielded  the  following 
results : 

For  primary  stresses  in  the  ranges  0-1  000,  1  000-2  000,  2  000-3  000, 
3  000-5  000,  5  000-7  000,  and  7  000-8  000,  the  percentages  of  extreme 
secondary  stress  averaged  2G8,  148,  71,  59,  37,  and  32,  respectively. 
This  illustrates  the  diminishing  relative  importance  of  secondary 
stresses  with  increasing  primary  stress. 

Although  the  percentages  diminish  in  the  foregoing  series  of  ranges, 
the  absolute  amounts  of  the  secondary  stress  show  a  small  increase, 
averaging  1  580  lb.  per  sq.  in.  in  the  lowest  range  and  2  370  lb.  per 
sq.  in.  in  the  highest  range. 

In  the  one  hundred  cases  represented  in  the  foregoing  results, 
the  greatest  extreme  secondary  stress  that  appears  is  3  700  lb.  per  sq.  in. 
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Plotting  the  results  with  primary  and  extreme  secondary  stresses, 
respectively,  as  co-ordinates,  nearly  all  the  observations  were  found 
to  be  included  in  a  belt  between  two  lines  having  a  12%  slope.  From 
this  may  be  deduced  the  relation, 

Extreme  secondary  I  ^         .      .  ,     ^ 

r  =  Iz'^c  ol  primary  stress  -j-  A, 
stress  in  a  member  ' 

where  K  varies  from  600  to  2  600,  with  an  average  value  of  1  600  lb. 
per  sq.  in. 

The  form  of  this  expression,  a  percentage  term  plus  an  absolute 
term,  indicates  that  the  measured  secondary  stresses  include  effects 
proportional  to  the  direct  stress  in  the  member  as  well  as  effects 
independent  of  that  stress.  The  latter  effects,  constituting  the  major 
portion  of  the  measured  secondary  stresses,  are  produced  by  such 
causes  as  the  bending  of  a  member  due  to  its  own  weight,  wind  and 
lateral  strains,  internal  temperature  strains,  erection  strains,   etc. 

The  proportional  component  or  percentage  term  in  the  formula 
represents  the  secondary  stresses  restdting  from  the  direct  primarj- 
strains.  It  amounts  to  only  12%  of  the  primary  stresses  in  the  case 
of  the  Hell  Gate  chords.  It  is  interesting  to  note  that  this  component 
of  the  secondary  stress  is  smaller  than  the  combined  effect  of  the 
other  contributions  which  are  generally  omitted  from  consideration 
in  the  computation  of  secondary  stresses. 

Combining  the  results  of  this  and  the  preceding  comparison,  we 
may  establish  certain  conclusions  for  guidance  in  specifying  extreme 
working  stresses  for  bridge  members.  As  the  maximum  discrepancy 
between  calculated  and  measured  stress  is  5%  —  1 000,  and  as  a 
possible  extreme  value  of  the  secondary  stress  is  12%  +  2  600,  it 
apr»ears  that  the  sum  of  these  two  variations  should  be  left  as  a 
necessary  margin  between  the  elastic  limit  of  the  material  and  the 
maximum  calculated  primary  stress.  As  the  Hell  Gate  chords  had 
certain  special  features  tending  to  reduce  the  secondary  stresses, 
it  is  probable  that  the  12%  factor  is  not  typical,  and  that  about  20% 
would  be  a  better  allowance  for  most  bridges.  Hence,  about  25%  + 
4  000  should  be  deducted  from  the  minimum  elastic  limit  of  the 
material  in  order  to  obtain  the  safe  working  stress  for  bridge  members. 

It  is  recognized,  of  course,  that  a  rule  of  this  form  can  properly 
apply  only  to  structures  in  which  the  secondary  stresses  have  normal 
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or  average  values.    Where  unusually  large  secondaries  may  be  antici- 
pated, these  should  receive  special  investigation  and  attention. 

Comparison  Bet\\t:ex  Calculated  axd  Measltied  Seooxdary  Stresses. 

In  order  to  be  comparable  with  the  calcvilated  secondary  stresses 
due  to  bending  of  the  members  in  the  plane  of  the  truss,  the  "meas- 
ured secondary  stresses"  had  to  be  defined  as  one-half  the  difference 
between  the  average  measured  stresses  in  the  top  and  bottom  fibers  of 
the  cross-section.    Any  lateral  variation  in  the  stress  had  to  be  ignored. 

The  ^'calciilated  secondary  stresses''  were  obtained  by  analjiical 
methods  for  Stages  2.  4,  6.  8,  10,  Z-H,  and  2-H,  and  by  interpolation 
for  the  intermediate  stages. 

Both  the  measured  and  the  calculated  values  were  reduced  to  per- 
centages of  the  corresponding  primary  stresses  and  recorded  in  the 
table,  Plate  XXXTI. 

It  should  be  noted  that  the  high  percentages  always  occur  with  low 
primary  stresses.    The  law  of  variation  is  asymptotic. 

The  average  of  the  calculated  secondary  stresses,  for  all  bc'ttom 
chord  members  and  all  erection  stages,  was  about  1 050  lb.  per  sq.  in. 
The  average  of  all  measured  secondary  stresses  was  only  TOO  lb. 
per  sq.  in. 

The  highest  calculated  secondary  stress  in  any  stage  was  2  920 ;  and 
the  correspKjnding  measured  stress  was  1  990  lb.  per  sq.  in. 

A  comparison  of  individual  values  of  calculated  and  of  measured 
secondary  stresses  is  not  very  illuminating,  as  any  systematic  varia- 
tions are  more  or  less  obscured  by  the  effects  of  erratic  readings  and 
other  disturbing  factors. 

More  instructive  results  are  obtained  by  averaging  the  individual 
readings  in  groups  so  as  to  eliminate  accidental  rariations  and  disclose 
the  true  relations  between  the  calculated  and  the  measxired  values. 

If  the  secondary  stresses  are  grouped  and  averaged  in  ranges  of 
percentages,  the  ioUowing  comparison  is  obtained : 

In  the  ranges, 

0-20^e:.  20-40^c.  40-l00<^c,  l00-300<~c.  and  more  than  oOOf^, 
the  average  calculated  secondary  stresses  were: 

^'^c,       SOCJ.,  69%,         143%,  and  473%. 

and  the  corresponding  average  measured  secondary  stresses  were: 
■2^<^C'       28%.         46%.  93%.  and  110%,  respectively. 
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From  these  figures,  the  following  relations  are  evident : 

1. — Except  for  the  smaller  percentage  of  secondary  stresses,  the 
measured  values  are  consistently  lower  than  the  calculated  values. 

2. — As  the  percentage  of  calculated  stresses  increases,  the  per- 
centage of  measured  values  also  increases,  but  not  as  rapidly. 

3. — For  the  highest  percentages  of  secondary  stresses,  the  meas- 
ured values  amount  to  only  a  small  fraction  of  the  calculated  values. 

The  lower  values  of  the  measured  secondary  stresses  are  partly  due, 
in  the  case  of  the  Hell  Gate  Arch,  to  the  three-faced  joints  in  the 
bottom  chords;  but,  to  a  large  extent,  the  effect  is  to  be  ascribed  to  a 
readjustment  of  strains  tending  to  relieve  the  higher  secondary  stresses. 
As  this  effect  obtains  in  all  structures,  it  may  be  concluded  that  the 
actual  secondary  stresses  are  generally  lower  than  the  calculated 
values. 

These  results  may  be  expressed  by  an  approximate  empirical  rela- 
tion between  the  calculated  and  the  measured  percentages  of  secondary 
stress.  If  the  various  observations  are  plotted  with  these  percentages 
as  co-ordinates,  all  but  the  extreme  points  are  found  to  be  grouped 
along  a  straight  line  of  the  formula, 

Percentage  of  measured  secondary  stress 

=  1  (percentage  of  calculated  secondary  stress)  +  15. 

This  expression  may  be  interpreted   as  follows: 

1. — The    factor,     -,  was    the   average   ratio   of   actual    to  calculated 

stresses,  and  represents  the  reduction  of  the  bending  strains  by  the 
yielding  of  the  joints  and  the  internal  readjustment  of  the  structure 
to  relieve  the  secondary  stresses.  This  factor  would  probably  have  a 
higher  value  in  other  structures. 

2. — The  absolute  term,  15%,  represents  additional  secondary  strains 
due  to  factors  not  included  in  the  computations,  such  as  inaccuracies 
'of  fabrication,  effects  of  temperature,  dead  weight  of  members,  eccen- 
tric bearings,  etc.  This  term  would  probably  have  a  lower  value  in 
other  structures. 

For  the  most  instructive  comparison,  it  is  necessary  to  average  the 
calculated  and  measured  values  in  groups  corresponding  to  the  suc- 
cessive erection  stages.     This  yields  the  results  shown  in  Table  5. 
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TABLE  5. 


Average  Secondary  Stress. 

stage. 

Averapc  primary 
stress. 

Calculated. 

Measured. 

2 

r.13 

1  220 

485 

4 

1  370 

703 

547 

6 

2  040 

847 

790 

« 

1  254 

1  *« 

711 

10 

2  393 

1  (529 

725 

S-H 

5  820 

557 

832 

'Z-H 

11  620 

513 

1  140  (296) 

The  values  in  Table  5  are  plotted  in  graphs  in  Fig.  5.  Three  curves 
are  shown :  primary  stresses,  calculated  secondary  stresses,  and  measured 
secondary  stresses. 

The  curve  of  primary  stresses  shows  a  large  drop  from  Stage  G  to 
Stage  8,  representing  the  reduction  in  stresses  when  the  load  was  trans- 
ferred from  the  lower  to  the  upper  back-stay. 

The  curve  of  calculated  secondary  stresses  is  rather  high  in  the 
first  two  stages.  This  is  simply  because  at  these  stages  only  one  or 
two  panels  were  erected,  and  these  end  panels  usually  have  higher  sec- 
ondary stresses  than  the  intermediate  panels  of  the  span.  From  Stage 
4  to  Stage  12,  the  calculated  secondary  stresses  increase  continuously 
with  the  increasing  deflections.  At  Stage  S-H  there  is  a  sudden  drop, 
as  the  3-hinged  condition  has  very  small  deflections  and,  consequently, 
low  secondary  stresses. 

The  measured  secondary  stresses  for  the  first  few  stages  are  very 
considerably  below  the  calculated  values.  This  proves  that  the  three- 
faced  joints  (Fig.  6)  acted  partly  as  hinges  which  relieved  the  secondary 
stresses.  As  the  direct  stress  increased,  however,  the  joints  were  com- 
pressed, the  bearing  area  was  enlarged,  and  the  drift-pins  in  the  outer 
thirds  of  the  joint  began  to  take  stress.  This  accounts  for  the  increas- 
ing slope  of  the  curve  as  Stage  G  is  approached,  and  the  diminishing 
difference  between  calculated  and  measured  values.  From  Stage  G  to 
Stage  8  there  is  a  decline  in  the  measured  secondary  stresses  due  to 
the  temporary  release  in  the  direct  compression  at  the  joints,  combined 
with  a  reversal  of  flexure  at  some  of  the  joints  during  this  transition. 
Beyond  Stage  8  the  measured  secondary  stresses  increase  continuously. 

The  final  drop  in  the  calculated  stress  curve  is  not  duplicated  in 
the  curve  of  measured  secondary  stresses.     In  the  former  curve,  the 


1832 


STKESS  ilEASUREMENTS,  HELL  GATE  ARCH  BRIDGE       [Papers. 


strains  for  Stages  12  and  3-iZ  are  the  results  of  independent  computa- 
tions for  two  entirely  distinct  erection  conditions,  and  this  accounts 
for  the  break  in  the  curve.     In  the  measured  secondary  stresses,  how- 


6000 


5000 


4000 


w  3000 


2000 


1300 


1000 


300 


/ 

COMPARISON  OF  CALCULATED  AND   MEASURED 

SECONDARY  STRESSES  IN 

HELL  GATE  ARCH   BRIDGE 

IN   DIFFERENT   ERECTION   STAGES 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

4 

■/ 

\ 

J^ 

/ 

sw^ 

I 

f 

N 

\ 

f 

,<» 

^ 

r 

\ 

>> 

/ 

/ 

^^> 

fwea 

3urecl 

1 

Secoi 

idary^ 

Sti^j 

s 

-\ 

\ 

\ 

-^ 

/ 

■f 

1> 

0    1 


y   10   11   12  ^-H   2-H 


Stage 
Fig.  5. 


ever,  there  is  a  continuity  of  operation,  and  therefore  of  stress  condi- 
tions. The  joints  are  fixed  under  the  large  direct  compressions,  so  that 
some  of  the  secondary  stresses  induced  under  the  preceding  stages 
persist  in  the  structure  when  Stages  3-iZ"  and  S-fi"  are  reached. 
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The  stresses  in  Stage  3-/7  were  measured  before  the  joints  were 
riveted.  During  the  operation  of  riveting,  as  the  drift-pins,  one  by  one, 
were  replaced  by  rivets,  there  was  a  gradual  redistribution  of  stresses 
at  each  joint,  consisting  in  a  transfer  of  pressure  from  the  outer  fibers 
to  the  middle  of  the  section.  There  w^as  no  perceptible  rotation  of  the 
joints,  however,  as  their  compression  had  reached  a  stage  which  pre- 
cluded the  possibility  of  any  hinge  action.  Consequently,  the  meas- 
ured secondary  stresses,  defined  as  one-half  the  difference  between  the 
top  and  bottom  fiber  stresses,  showed  no  drop  between  Stages  3-H 
and  2-II.     (See  upper  branch  of  graph.) 

If,  however,  the  secondary  stresses  are  defined  as  the  excess  com- 
l>rossion  in  the  toi)  or  the  bottom  fibers  over  the  average  stress  in  the 
si^ction,  the  measured  secondary  stresses  in  the  final  stage  present  a 
distinct  reduction  from  the  preceding  stage  as  a  result  of  the  redis- 
tribution of  stress  to  relieve  the  outer  fibers.  The  measured  secondary 
stresses  for  Stage  2-H,  thus  computed,  have  an  average  value  of  only 
i'!)t),  as  compared  with  the  average  calculated  value  of  513.  (See 
lower  branch  of  graph.) 

On  the  whole,  the  curves  (Fig.  5)  show  that  the  measured  secondary 
stresses  are  lower  than  the  calculated  values,  the  average  ratio  between 
them  being  somewhat  more  than  one-half. 

Comparison'  of  Calculated  w^ith  Measured  Extreme  Fiber   Stress. 

In  the  final  stage  {2-11),  the  extreme  fiber  stresses,  representing  the 
maximum  combination  of  primary  and  secondary  stresses,  yielded  the 
following  comparison: 

8-10  12-14  16-18  20-22 
11770  11950  12  370  13  270 
11450     11800     11950     13  300 

This  striking  comparison  shows  that,  in  the  Hell  Gate  Arch  chord 
members,  the  factors  tending  to  increase  the  calculated  extreme  fiber 
stresses  and  those  tending  to  reduce  them  very  nearly  balance  each 
other.  "Were  it  not  for  the  three-faced  butt  joints  and  the  deferred 
riveting,  the  measured  extreme  stresses  would  have  exceeded  the  cal- 
culated values. 


Member : 

0-2 

4-6 

Calculated : 

12  160 

12  060 

Measured : 

11300 

11650 
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at  the  top  and  bottom  of  eacli 


Other  Applications  of  the  Extensometer. 

In  order  to  observe  the  movements  at  the  lower  chord  splices,  the 
extensometer  was  applied  across  the  opening  at  some  of  the  panel  points 
in  various  erection  stages. 

The  initial  value  of  this  opening, 

butt  joint,  was  --  in.  (Fig.  6). 

o 

To  illustrate  the  character  of  the 
observations,  the  results  for  panel 
point  2  of  the  Long  Island  side  will 
be  summarized. 

Readings  were  taken  at  each  cor- 
ner of  the  joint  in  both  trusses. 
Averaging  the  four  top  measurements 
and  the  four  bottom  measurements, 
respectively,  and  comparing  each  ob- 
servation with  the  initial  measure- 
ment, the  following  results  were  obtained: 

Stage.  4.  6.  8.  10. 

Top.  Initial  —  56  —67  —  95 

Bottom.    Initial  —140  —45  —100 


Joint  of  Bottom  Chord 
Fig.   6. 


3-/f. 
—198 

—226 


2-H. 
—1186 
—1050 


It  is  seen  from  these  figures  that,  between  Stages  4  and  6,  the  top 
of  the  joint  closed  0.0056  in.  and  the  bottom  closed  0.0140  in.,  repre- 
senting a  negative  rotation. 

Between  Stages  6  and  8,  the  top  of  the  joint  closed  0.0011  in.  and 
the  bottom  opened  0.0095  in.,  representing  a  positive  rotation.  This 
corresponds  to  the  reversed  flexure  at  this  panel  point  when  the  load 
was  transferred  to  the  forward  stay. 

The  foregoing  results  indicate  a  hinge  action  at  the  panel  points 
due  to  the  three-faced  joints,  despite  the  resistance  of  the  splice 
material. 

The  closing  of  the  joints,  at  top  and  bottom,  took  place  mainly 
between  Stages  Z-E  and  2-5",  during  which  stages  the  splices  were 
riveted,  which  indicates,  a  gradual  re-adjustment  of  stress  at  the  joint 
as  the  drift-pins  were  replaced  one  by  one  by  rivets. 

Similar  results  were  obtained  at  the  other  panel  points  observed. 
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In  every  case  thore  was  a  movement  of  nearly  —  in.  from  tlie  initial 

moasuroment,  indicating  practically  a  complete  closing  of  the  joint. 

This  closing  of  the  joints  implies  a  greater  compression,  by  J  in., 
in  the  middle  fibers  than  in  the  outer  fibers  of  the  member.  As  a  result, 
the  average  stress  over  the  middle  third  of  the  section  tends  to  be 
materially  higher  than  the  average  stress  in  the  extreme  top  and 
bottom  fibers.  The  splice  material  across  the  joints  resists  this  effect 
until  the  strains  in  the  splice  are  released  by  the  replacing  of  the  drift- 
pins  by  rivets. 

These  conclusions  are  substantiated  by  the  final  measurements, 
which  yielded  tlie  following  results: 

stage  3-7/.  Stage  2-//. 

Average  top  and  bottom  fiber  stress 6  050  10  400 

Average  middle  fiber  stress 6  050  13  100 

The  final  difference  between  extreme  and  middle  fiber  stress  thus 
amounts  to  2  TOO  lb.  per  sq.  in.  at  the  sections  of  measurement.  The 
gauge  points  were  approximately  at  the  quarter  points  of  the  length 
between  panel  points;  a  larger  difference,  of  course,  would  be  found 
if  tlie  sections  could  be  taken  nearer  to  the  ends  of  the  members. 

Summary  of  Conclusions. 

1. — The  Howard  strain  gauge  is  well  adapted  for  the  measurement 
of  stresses  in  steel  structures  under  quiescent  load,  provided  that  the 
stresses  are  less  than  1  000  lb.  per  sq.  in.  With  careful  manipulation 
it  is  possible  to  determine  the  true  stresses  within  less  than  200  lb. 
per  sq.  in. 

2. — A  comparison  between  calculated  and  measured  primary  stresses 
reveals,  in  addition  to  the  observational  errors,  an  average  difference 
of  5  per  cent.  This  is  due  principally  to  variations  in  the  loading  and 
cross-sections  from  the  values  assumed,  and  indicates  the  futility  of 
excessive  refinement  in  the  ordinary  computation  of  stresses. 

3. — The  extreme  variation  of  fiber  stress  from  the  average  stress 
in  a  member  was  found  to  range  from  about  1  600  lb.  per  sq.  in.  with 
the  lowest  primary  stresses  to  about  2  500  with  the  highest  primary 
stresses.  A  part  of  this  variation  represented  the  secondary  stress  from 
vertical  bending;  the  greater  part,  however,  was  due  to  the  effects  of 
lateral  bending,  shop  inaccuracies,  temperature  strains,  splice  details, 
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non-uniform  material,  and  other  causes  which  are  omitted  from  con- 
sideration in  the  computation  of  secondary  stresses. 

4. — Combining  the  maximum  discrepancy  between  calcuhited  and 
measured  stress  (5%  +  1  000)  with  the  maximum  variation  of  extreme 
fiber  stress  (12%  -f  2  600),  and  allowing  for  the  fact  that  in  the  Hell 
Gate  Arch  the  three-faced  joints  tended  to  reduce  the  secondary 
stresses,  it  appears  that  about  25%  +  4  000  lb.  per  sq.  in.  is  a  necessary 
margin  to  be  deducted  from  the  minimum  elastic  limit  of  the  material 
in  order  to  obtain  the  limiting  safe  working  stress  for  bridge  members 
under  average  conditions. 

5. — During  erection,  the  secondary  stresses — restricting  the  mean- 
ing of  the  term  to  the  effect  of  bending  in  the  plane  of  the  truss — had 
an  average  value  of  1  050  lb.  per  sq.  in.,  calculated,  and  only  700  lb. 
per  sq.  in.,  measured.  The  highest  calculated  secondary  stress  was 
2  920,  and  the  corresponding  measured  secondary  stress  was  1  990  lb. 
per  sq.  in.  Except  for  the  smallest  secondary  stresses,  the  measured 
values  were  consistently  lower  than  the  calculated  values.  For  the 
highest  percentages  of  secondary  stresses,  the  measured  values  are  only 
a  small  fraction  of  the  calculated  values. 

It  is  believed  that  similar  results,  though  not  as  marked,  would  be 
found  in  other  structures.  The  actual  secondary  stresses  will  gen- 
erally be  lower  than  the  calculated  values.  There  is  an  automatic 
re-adjustment  of  strains  within  a  structure  in  such  direction  as  to 
relieve  the  secondary  stresses. 

6. — The  variations  of  calculated  and  measured  secondary  stresses 
in  the  successive  erection  stages  are  plotted  for  comparison  in  Fig.  5. 
The  graphs  show  the  measured  stresses  lower  than  the  calculated  values 
throughout  the  erection.  The  differences  between  the  two  curves  are 
explained  by  special  conditions  in  the  erection  of  the  structure. 

7. — In  the  early  erection  stages,  the  three-faced  joints  (Fig.  6) 
between  the  lower  chord  members  acted  as  hinges  to  permit  a  certain 
amoimt  of  rotation,  so  as  to  ease  the  secondary  stresses.  In  the  suc- 
ceeding stages,  as  the  direct  stress  increased,  the  joints  became  com- 
pressed, and  the  rotation  was  restricted.  Between  Stages  &  and  8, 
when  there  was  a  decrease  in  the  direct  compression,  rotation  occurred 
again,  and  the  secondary  stresses  were  partly  released. 

Extensometer  measurements  across  the  splice  openings  confirmed 
the  above-described  hinge  action  of  the  joints. 
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Another  object  of  the  tlirec-faced  joints  was  to  produce  a  concen- 
tration of  pressure  in  the  middle  third  of  the  section,  accompanied  by 
a  reduction  of  direct  stress  in  the  outer  fibers.  This  distribution  of 
stress,  with  the  largest  intensities  in  the  middle  third,  was  confirmed 
by  actual  measumement  in  the  final  stage. 

8. — ^leasurements  across  the  splice  openings  (Fig.  G)  before  and 
after  riveting  showed  a  complete  closing  of  the  joints  during  this 
operation.  This  is  proof  of  the  release  of  strains  at  a  joint  when 
the  drift-pins  are  rei^laced  by  rivets. 

The  closing  of  the  openings  represents  a  desired  transfer  of  initial 
stress  from  the  splice  material  to  the  butt  joint;  it  is  also  visible  evi- 
dence of  the  greater  concentration  of  stress  in  the  middle  third  of  the 
cross-section. 

9. — The  curve  of  calculated  secondary  stresses  shows  a  large  drop 
from  the  cantilever  to  the  three-hinged  stage,  on  account  of  the  large 
reduction  in  deflections.  This  indicates  the  comparative  freedom  of 
the  arch  type  from  secondary  stresses. 

10. — In  the  final  stage,  the  stresses  in  the  extreme  fibers,  represent- 
ing the  maximum  combined  effect  of  primary  and  secondary  stresses, 
show  a  remarkable  agreement  with  the  calculated  values  of  the  same 
stresses. 
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A  P  T^  E  N  O  I  X 


SECONDARY  STRESSES  IN    ARCH  TRUSSES  OF  HELL 

GATE  BRIDGE. 

In  view  of  the  unusual  size  and  form  of  the  trusses  of  the  Hell  Gate 
Arch  Bridge  and  for  comparison  with  stress  measurements,  a  complete 
analysis  was  made  of  the  secondary  stresses  from  dead  load,  live  load, 
and  temperature  changes,  in  the  finished  structure,  as  well  as  during 
the  various  stages  of  erection. 

The  writer  selected  Winkler's  analytical  method,  for  these  compu- 
tations, in  preference  to  the  graphic  method  of  Professor  Mohr,  be- 
cause the  greater  precision  and  ease  of  supervision  appeared  to  be 
sufficient  compensation  for  the  slight  increase  in  time  required.  Except 
for  some  changes  in  the  arrangement  and  tabulation  of  the  computa- 
tions, the  procedure  given  in  Johnson,  Bryan,  and  Turneaure's  "Modern 
Framed  Structures"  was  closely  followed.  The  calculation  of  secon- 
dary stresses  for  each 'load  condition  involves  the  solution  of  a  series  of 
simultaneous  equations  equal  in  number  to  the  total  number  of  panel 
points  in  the  truss,  and  the  expediting  of  the  entire  computation 
depends  largely  on  the  method  selected  for  solving  these  equations. 
The  quickest  and  best  results  were  obtained  with  a  modification  of 
the  method  of  successive  approximations  described  by  F.  E.  Turneaure. 
M.  Am.  Soc.  C.  E.*  The  modification  consisted  in  substituting,  in  the 
first  and  each  successive  solution,  the  new  values  of  the  unknowns  as 
far  as  already  obtained,  instead  of  using  the  values  from  the  preceding 
approximation. 

The  computation  of  the  secondary  stresses  from  dead  load  on  the 
three-hinged  arch  were  simplified  by  treating  the  two  halves  of  the 
arch,  up  to  the  temporary  crown  hinge,  as  separate  frames.  The  effect 
of  friction  at  the  hinges  was  neglected. 

For  the  dead-load  secondary  stresses  in  the  two-hinged  arch,  because 
of  symmetry,  only  one-half  of  the  truss  had  to  be  computed.  The  load 
for  this  case  consisted  of  the  concrete  floor  and  tracks,  which  were 
added  after  the  center  top  chord  was  connected. 

In  computing  the  secondary  stress  for  live  load,  one-half  of  the  arch 
was  considered  loaded,  as  this  load  produces  nearly  the  maximum 
primary  stress  in  most  members.  A  simple  reversal  of  the  diagram 
and  algebraic  addition  of  the  two  sets  of  stresses  gives  the  secondary 
stresses  for  live  load  covering  the  full  span. 

The  results  of  the  secondary  stress  computations  for  the  Hell  Gate 
Arch  are  recorded  on  Plates  XXXVII,  XXXYIII,  and  XXXIX. 
These  plates  also  contain  all  data  necessary  for  reproducing  the  com- 
putations. 

*  Engineering  News,  September  5th,  1912. 
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The  full  linee  represent  the  deformations  of  the  naembei 
correepondine  to  the  secondary  stresses.  The  deformati 
are  plotted  to  an  exaggerated  and  relative  scale. 
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The  diaj^raius  give,  for  eacli  designated  condition  of  loading,  the 
secondary  stresses  at  both  ends  of  each  member.  A  double  sign  pre- 
fixed to  each  figure  indicates  the  kind  of  stress  in  the  top  and  bottom 
libers  of  the  section,  resjieetivoly.  In  addition,  the  primary  stress  for 
the  same  condition  of  loading  is  ninrlved  on  each  member  in  parentheses. 

Another  feature  in  these  diagrams  is  the  graphic  representation, 
for  the  individual  members,  of  the  deformations  corresponding  to  the 
secondary  stresses.  These  deformations  are  shown  exaggerated  to  an 
arbitrary  relative  but  non-proportional  scale.  After  the  curves  are 
drawn  they  serve  principally  as  a  general  indication  of  relative  distor- 
tions. In  addition,  the  sharpness  of  curvature  at  any  point  represents 
the  intensity  of  bending  moment;  the  points  of  contraflexure  mark 
points  of  zero  secondary  stress;  the  direction  of  curvature  gives  the 
signs  of  the  secondary  stress;  the  configuration  of  curves  meeting  at 
any  panel  point  determines  the  direction  of  deflection  of  that  point; 
and,  in  general,  the  deformation  curves  afford  a  visual  check  on  the 
correctness  of  the  work. 

Eesults  of  the  Secondary  Stress  Calculations. 

An  inspection  of  the  secondary  stresses  recorded  on  Plate  XXXVII 
yields  the  following  facts: 

The  largest  dead-load  secondary  stresses,  in  pounds  per  square  inch, 
are  as  follows : 

Lower  Chord.  Upper  Chord.  Diagonals.  Verticals 

1  290  in  20-22     2  468  in     1-3       4  950  in  22-ilf  2  186  in  20-21 

1  032  in  18-20        961  in  21-23     1  376  in  3-4  1  671  in  18-19 

1  316  in  1-2 
All  the  other  stresses  are  below 

800  800  1300  1600 

It  will  be  observed  that  the  largest  secondary  stresses  in  each  class 
of  members  occur  in  the  end  panels  and  crown  panels  of  the  span. 
This  effect  is  accounted  for  by  the  large  concentrations  of  stress  at 
Panel  Points  0  and  22  of  the  three-hinged  arch.  It  will  generally  be 
found  that  the  largest  secondary  stresses  in  any  structure  occur  where 
there  is  an  interruption  in  the  continuity  of  the  truss  configuration,  or 
in  the  uniformity  of  the  loading  conditions. 

Plate  XXXVII  also  affords  a  eomparison  of  the  secondary  stresses 
in  a  three-hinged  and  a  two-hinged  arch.  The  former  are  generally 
the  larger. 

In  the  outstanding  dead-load  secondary  stresses  it  will  be  found 
that  the  major  contributions  to  the  total  stress  come  from  the  three- 
liinged  condition.  This  effect  is  most  marked  in  the  panels  near  the 
temporary  crown  hinge,  as  shown  by  Table  6. 
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TABLE  6. 


Meml)er. 

Secondary  stress  from  dead  load  on 

3-hmged  arch,  in  pounds 

per  square  inch. 

Total  secondary  stress  from 

dead  load,  in  pounds 

per  square  inch. 

18-20 
20-S2 
21-23 
22-M 
Ji-23 

1  083 
1264 

4  035 

2  055 

1  032 
1290 
961 
4  950 
1290 

The  loading  added  in  the  two-hinged  condition,  although  amount- 
ing to  nearly  one-half  of  the  dead  load  on  the  three-hinged  arch,  does 
not  produce  its  proportional  share  of  the  total  secondary  stress.  In 
many  cases  it  even  helps  to  neutralize  or  reduce  the  secondary  stress 
originating  in  the  three-hinged  condition. 

An  inspection  of  the  secondary  stresses  on  Plate  XXXVIII  yields 
the  following  facts: 

As  was  to  be  expected  from  the  respective  deformations,  the  sec- 
ondary stresses  for  live  load  covering  the  half  span  are  considerably 
greater  than  for  the  live  load  covering  the  full  span. 

With  only  two  or  three  exceptions  in  each  case,  the  secondary 
stresses  for  full  live  load  are  less  than  400  in  the  low  chord,  500  in  the 
upper  chord,  800  in  the  diagonals,  and  1  600  in  the  verticals.  These 
low  values  indicate  the  eminent  freedom  of  the  arch  from  secondary 
stresses  under  full  or  uniform  loading. 

The  second  diagram  on  Plate  XXXVIII  is  similar  in  all  respects 
to  the  second  diagram  on  Plate  XXXVEI,  and  the  stresses  are  found 
to  be  proportional.  This  affords  a  check  on  the  correctness  of  the 
computations,  as  the  respective  stresses  were  found  by  entirely 
different  and  independent  procedures. 

Plate  XXXIX  presents  a  compilation  of  all  the  secondary  stresses 
and  a  comparison  with  the  corresponding  primary  stresses.  The 
data  on  this  plate  are  self-explanatory. 

The  secondary  stresses  of  greatest  critical  interest  are  those  occur- 
ring with  the  loading  that  produces  the  maximum  primary  stress  in 
each  member.  The  total  secondary  stresses  for  such  condition,  includ- 
ing both  the  dead  and  live-load  contributions,  are  tabulated  in  Column 
5.  These  secondary  stresses,  with  a  few  exceptions  in  each  group,  are 
found  to  be  less  than  1  500  for  the  lower  and  upper  chord  members, 
less  than  3  000  for  the  diagonals,  and  less  than  3  500  for  the  verticals. 

The  last  column  gives  the  maximum  values  of  the  secondary  stresses 
expressed  as  percentages  of  the  corresponding  primary  stresses. 

It  will  be  observed  that  most  of  the  percentages,  especially  those 
in  the  chord  members,  are  small. 
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SECONDARY  STRESSES 
H£LL  GATE  ARCH   BRJDGE, 


NOTES 
ATI  stresses  on  this  sheet  arc  unit  strcs5es,and  nre  given  ia 
pounds  per  sq.  in.  +  denotes  tension,  —denotes  compression. 
Secondary  stresses  are  g-ivcn  for  botli  ends  of  each  member 
in  the  order  of  the-designating  numbers.  The  upper  sign  refers 
to  the  top  flbei-s  and  fhe  lower  sign  to  the  bottom  fibers  of  the 
section.  In  verticals  the  fibers  toward  the  springing  are 
considered  as  the  upper  fibers  and  those  toward  the  crown  as 
the  lower  fibres. 


'^  Thesecondarystresses  (T)  from  dead    load  were  obtained 

e  by  combining  the  secondary  stresses   produced    by  the  steel 

a  weight  acting  on  tlie  3-hinged  arch  with  the  secondary  stresses 

Vg  produced  by  tlie  weight  of  floor  and  track    acfing  on  the  2- 

"  hinged  arch. 

The  secondary  stresses  C|)  from  live  load  covering  the 
Tvhole  span,  were  obtained  ty  combining  the  secondary 
stiresses  (f)  in  the  loaded  and  unloaded  sides  produced  by  Hvb 
load  covering  one-half  of  the  span. 

The  approximate  secondary  stresses  ®  occurring  simul- 
taneously with  maximum  live-load  stress  were  obtained  by 
Interpol  a  tio  11  between  the  secondary  stresses  (2)  from  live 
load  covering  one-half  of  the  span  and  those  d)  from  live 
load  covering  the  whole  span,  inaccoxdance  vvith  the  loading 
diagrams  appended  to  the  table. 

The  primary  stresses  given  on  this  sheet  were  Qgure'd.  from 
the  official  Table  of  Stresses  for  the  Hell  Gate  Arch. 

The  loading  diagrams  indicate  by  shaded  areas  fhe  loading 
which  produces  maximum  primary  stress  in  each  member. 
aJhe  signs  (+J  or  (—)  indicate  the  character  of  the  stress 
produced  by  any  loads  in  the  shaded  or  unshaded  distances- 
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In  the  lower  chord,  the  critical  secondary  stresses  range  from 
1   to  12%  of  the  maximum  primary  stresses. 

In  the  upper  chord,  the  first  three  members  have  comparatively 
liigh  percentages  of  secondary  stresses  (180,  40,  and  17%),  but  this 
is  duo  to  the  low  primary  stresses  (3  104,  G  050,  and  10  140,  respec- 
tively) in  these  members.  There  is  an  excess  of  section  which  amply 
provides  for  these  secondary  stresses.  The  totals  of  secondary  plus 
primary  stress  in  these  three  members  do  not  reach  12  000  lb.  per  sq,  in. 

In  the  other  upper  chord  members  the  critical  secondary  stresses 
range  from  3  to  10%  of  the  primary  stresses. 

In  the  web  members  the  critical  secondary  stresses  range  from 
1  to  65%,  but  only  a  few  exceed  30  per  cent.  There  is  ample  margin 
of  cross-section  to  take  care  of  these  stresses. 

The  web  members,  as  a  rule,  have  larger  secondary  stresses  than  the 
chord  members.  This  may  appear  surprising,  as  the  web  members  are 
longer  and  narrower  than  the  chord  members,  and  it  is  generally  stated 
that  the  secondary  stresses  in  different  members  vary  inversely  as  their 
slenderness  ratios.  The  reason  is  due  to  the  form  of  the  arch;  in  the 
three-hinged  condition  practically  all  the  dead  load  is  carried  by  the 
parabolic  bottom  chord,  and  the  web  members  receive  large  secondary 
stresses  from  the  compression  of  the  lower  chord  members  before  they 
receive  any  appreciable  primary  stress. 

Conclusions. 

These  results  obtained  in  the  secondary-stress  computations  bear 
out  the  justification  of  the  type  of  structure,  unit  stresses,  and  method 
of  erection  adopted  for  the  Hell  Gate  Arch  Bridge. 

Some  of  the  larger  secondary  stresses  are  found  at  the  crown  of 
the  arch,  and  appear  to  be  caused  by  the  special  arrangement  of  the 
center  panel  and  the  part  which  it  plays  in  the  erection  of  the  struc- 
ture as  a  three-hinged  arch.  There  were  svifficient  advantages  in  this 
construction,  however,  to  outweigh  the  increase  in  the  local  secondary 
stresses.  K'evertheless,  the  results  confirm  the  usual  objections  to 
intersecting  web  members.  On  the  other  hand,  they  demonstrate  the 
desirability,  from  the  consideration  at  least  of  secondary  stresses,  of 
reducing  the  number  of  hinges  in  an  arch. 

The  low  secondary  stresses  in  the  bottom  chords  are  particularly 
gratifying,  as  they  set  at  rest  any  apprehensions  aroused  by  the  great 
depth  of  these  members. 

The  results,  on  the  whole,  show  that  special  methods  of  assembling 
and  erection,  such  as  were  adopted  for  the  Quebec  and  Sciotoville 
Bridges,  to  counteract  the  effect  of  secondary  stresses,  were  not  required 
for  the  Hell  Gate  Arch  Bridge. 
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Tin:  RECONSTRUCTION  OF  THE  STONY  RIVER 

DAM 

Discussion.* 


By  F.  W.  Scheidenhelm,  M.  Am.  Soc.  C.  E.f 


F.  W.  ScuEiDEXiiELM,:}:  M.  Am.  Soc.  C.  E.  (by  letter). §— The  dis-  Mr. 
cussion  of  the  paper  has  been  very  interesting  to  the  writer,  as  helm, 
presumably  it  has  also  been  to  other  engineers  concerned  with  the 
problems  treated.  Among  other  things,  it  serves  to  emphasize  the 
fact  that  there  is  rarely  agreement  among  engineers  as  to  the  exact 
measure,  or  margin,  of  safety  which  should  be  given  to,  or  is  possessed 
by,  a  structure.  On  the  whole,  the  writer  finds  much  cause  for 
satisfaction  in  the  comments  contained  in  the  discussions. 

Frequently,  papers  presented  before  the  Society  and  the  disciissions 
thereon  result  in  a  symposium  of  data  and  opinion  on  certain  subjects. 
Such  is  the  case  with  regard,  in  particular,  to  two  problems  which 
were  involved  in  the  reconstruction  of  the  Stony  River  Dam,  and 
are  treated  in  the  paper. 

The  first  of  these  problems  concerns  the  determination  of  the 
maximum  flood  for  which  spillway  capacity  is  to  be  provided,  and 
the  consequent  determination  and  design  of  the  spillway  provision 
itself.  Of  the  ten  members  who  have  discussed  this  niatter,  only 
one,  Mr.  Gregory,  feels  that  the  writer  has  "surely  gone  beyond  the 
necessary  limit."  The  great  majority,  however,  apparently  agree  on 
the  proposition  that  a  drainage  area  as  small  as  that  of  Stony  River 
at  the  dam  site  requires  entirely  different  treatment  than  do  larger 

*  Discussion  ot  the  paper  by  F.  W.  Scheidenhelm,  M.  Am.  Soc.  C.  E.,  continued 
from  August,  1917,  Proceedings. 
t  Author's  closure. 
t  New  York  City. 
§  Received  by  the  Secretary,  September  2Sth,  1917. 


184-i         discussion:  KECOXSTRUCTION  of  stony  KIVEE  dam   [Papers. 

areas,    and   that   the   exceptionally    large   maximum    run-off    adopted, 
although  surprising,  is  warranted. 

Referring  to  the  comment  of  Mr.  Gregory  (page  923*)  the  writer 
feels  that  it  is  certainly  necessary  to  take  into  account,  not  merely 
rainfalls  of  2  or  3  hours'  duration,  but  those  of  considerably  longer 
periods,  and  more  especially  their  consequent  floods.  This  is  for  the 
reason  that  from  such  rainfalls  the  run-oif  (into  the  reservoir)  which 
immediately  precedes  the  maximum  or  critical  periods  of,  say,  2  or 
3  hours,  necessarily  affects  the  absorption  or  equalization  capacity 
of  the  reservoir  during  the  vital  period. 

It  is  true,  as  pointed  out  in  the  paper,  that  a  record  or  graph 
of  run-off  never  truly  represents  the  corresponding  rainfall;  that  is, 
the  maximum  rate  of  run-off  is  always  less  than  the  maximum  inten- 
sity of  rainfall.  Yet,  even  making  full  allowance  for  this  fact,  as 
applied  to  actual  Stony  River  conditions,  it  is  reasonably  evident, 
from  the  studies  depicted  in  Figs.  12  and  13.  that  the  length  of  the 
period  of  rainfall  which  should  be  considered  is  at  least  6  hours ;  and 
it  must  be  remembered  that  rainfall  does  not  persist  at  a  uniform 
intensity  through  any  24-hour  period.  Thus,  were  there  an  automatic 
gauge  record  available  for  the  22-in.  rainfall  during  24  hours  at 
Altapass,  N.  C,  on  June  15th-16th,  1916  (page  184t),  the  record  for 
the  maximum  6  hours  would  probably  be  astounding. 

Again,  looking  at  the  matter  from  Mr.  Gregory's  point  of  view, 
and  making  the  reasonable  assumption,  size  and  topography  of  drain- 
age area  considered,  that  ''the  peak  of  the  run-off  at  the  dam  is  equal 
to  the  greatest  average  rate  of  rainfall  during  any  45-min.  period" 
(page  194t),  it  is  to  be  noted  from  Fig.  15  that  "the  most  severe 
run-off  conditions  reasonably  conceivable",  there  shown,  indicate  a 
rainfall  with  an  intensity  averaging  only  abovit  4  in.  per  hour  for 
the  maximum  45  min.  This  intensity  is  somewhat  less  than  that  given 
for  the  same  period  by  the  Talbot  formula,  quoted  by  Mr.  Gregory, 
and,  of  course,  is  less,  by  an  even  greater  amount,  than  the  cor- 
responding "Maximum  for  Greater  New  York"  (Fig.  32).  Incidentally, 
the  Talbot  a;nd  the  Greater  New  York  curves  of  Fig.  32,  when  plotted 
on  Fig.  9,  fall  outside  of  the  group  of  curves  shown  thereon;  in  other 
words,  the  curves  of  Fig.  32  show  the  greater  intensities  of  rainfall. 

It  is  interesting  to  note  that  apparently  the  Cane  Creek  and 
Elkhorn  Creek  floods,  which  formed  the  basis  for  the  studies  pre- 
sented in  the  paper  (page  ISOf)  were  of  such  intensity  as  not  to  be 
included  within  the  formula  proposed  by  Weston  E.  Fuller,  M.  Am. 
Soc.  C.  E.*     The  same  is  true  also  of  a  run-off  of  1302  cu.  ft.  per 

*  Proceedings,  Am.  Soc.  C.  E.,  May,  1917. 

t  Proceedings,  Am.  Soc.  C.  E.,  February,  1917. 

t  "Flood  Flows,"  Transactions,  Am.  Soc.  C.  E.,  Vol.  L.XXVI,  p.  564. 
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s(i.  mile,  reported*  for  tlic  (Iniinafi'c  area  of  14;>  stj.  miles  of  Devil'a       Mr. 
Ureek,  near  v  lele,  Iowa.  helm. 

The  method  of  determining  or  clu'ckiiiii-  spillway  capacity  by  means 
of  graphs  of  hypothetical  maximum  Hoods  to  be  provided  against, 
seems  to  meet  with  approval.  Similar  methods  are  shown  to  have 
been  used  in  the  design  work  of  the  Miami  Conservancy  District  at 
Dayton,  Ohio,  as  referred  to  by  Mr.  Riegel  (page  1301f),  and  dis- 
cussed in  considerable  detail  by  Mr.  Grant  (page  930:j:).  A  remark- 
ably close  agreement  of  results  is  evident  from  comparison  of  Figs, 
li'  and  30,  the  former  being  based  on  the  method  used  by  the  writer, 
whereas  the  latter  is  based  on  the  flood  routing  method  applied  on 
the  wca-k  of  the  Miami  Conservancy  District. 

The  second  feature  provoking  considerable  discussion  is  the  utiliza- 
tion of  the  vuiderlying  foundation  soil  in  setting  up  resistance  to 
sliding.  On  this  subject  the  discussion  of  Professor  Cain  is  a 
( ontribution  of  exceptional  value. 

One  may  fairly  question  whether  iiresent  experimental  information 
regarding  the  behavior  of  soils  is  sufficient  to  warrant  the  acceptance 
of  Professor  Cain's  application  of  Coulomb's  laws  to  cases,  such  as 
that  of  the  Stony  River  Dam,  where  there  is  involved  the  question  of 
sliding,  and  more  particularly  of  impending  sliding.  In  fact,  the 
writer  still  feels  constrained  to  distinguish  between  the  conditions 
existing  before  a  body  of  clay  has  failed  in  shear  along  a  given  plane 
or  surface  and  the  conditions  existing  after  the  resistance  to  shear  ha& 
been  overcome  (that  is,  when,  in  his  terminology,  cohesion  has  given 
way  to  friction,  plus  any  adhesion).  Such  distinction  does  not  appear 
to  be  inconsii'-tent  with  Coulomb's  laws,  especially  as  expressed  by 
Professor  Cain  somewhat  more  broadly  in  his  paper  on  "Cohesion  in 
Earth."§  In  fact,  Professor  Cain's  more  frequent  use  of  the  term 
"shear"  in  his  analyses  based  on  Coulomb's  laws,  as  applied  in  his 
discussion  (page  908:}:),  is  significant.  Even  Professor  Cain  now 
considers  that  possibly  not  all  "cohesion"  (Cain)  is  destroyed  on  the 
beginning  of  the  actual  motion  or  sliding. || 

However  that  may  be,  all  must  be  in  full  agreement  with  Professor 
Cain  in  his  emphasis  of  the  "need  for  comprehensive  experimentation 
to  determine  the  coefficients  of  cohesion."  Moreover,  the  writer  be- 
lieves that  Professor  Cain  has  performed  an  important  service  in 
presenting   in   such   detail   the   several   analyses   of   the    Stony   River 

•  Water  Supply  Paper  No.  162,  U.  S.  Geological  Survey. 

^Proceedings,  Am.  Soc.  C.  E.,  August,  1917. 

t  Proceedings,  Am.  Soc.  C.  E.,  May,  1917. 

§  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXX,  p.  1316. 

i:  This  appreciable  part  of  "cohesion"  e.\erted  in  addition  to  friction  during  the 
actual  sliding  of  clay  on  clay  (p.  90S),  the  writer  would  term  "adhesion",  as  more 
accurately  describing  it.s  nature. 
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Mr.      problem  on   the   basis   of  coherent  earth.     It   is   not  improbable   that, 

helm,     as  the  result  of  such  work  as  is  now  being  carried  on  by  the  Society's 

Special    Committee   on    Soils,    the    treatment    advanced   by    Professor 

Cain  may  be  adopted,  at  least  in  part,  and  especially  as  applied  to 

cases  of  actual  sliding. 

The  writer  agrees  entirely  with  Professor  Cain  that  probably  the 
effect  of  a  longer  time  of  application  of  a  given  shearing  load  on  a 
body  of  clay  under  test  would  be  to  afford  lower  values  of  unit  shear- 
ing resistance  (page  909*).  It  should  be  noted,  however,  that,  in  the 
Stony  River  design,  no  reliance  was  placed  on  the  shearing  resistance 
of  the  foundation  soil. 

In  the  interesting  analyses  (pages  910-911*)  of  the  original  struc- 
ture before  failure,  based  on  the  theory  of  coherent  earth,  Professor 
Cain  unwittingly  made  several  erroneous  assumptions. 

The  mistake  apparently  was  caused  by  his  treatment  of  the  section 
of  dam  shown  on  Plate  V  as  being  taken  at  the  maximum  height  por- 
tion of  the  dam.  This  is  not  the  case,  for  Plate  V  shows  the  "Typical 
Section  at  Bay  35"  referred  to  in  Columns  (3),  (5),  (7),  and  (9)  of 
Table  3.  The  resulting  error  in  the  value  of  Q ,  as  derived  by  Professor 
Cain  (page  910*),  is  not  serious,  but,  unfortunately,  the  same  mistake 
made  later  in  his  discussion  robs  the  results  of  their  significance, 
though,  of  course,  it  does  not  deprive  the  theoretical  analysis  of  its 
value  as  such. 

Thus,  in  assuming  anchoring  walls  applied  to  the  original  struc- 
ture, as  shown  on  Plate  V,  Bay  35,  Professor  Cain  perforce  vised  loads 
(page  912*)  as  given  in  the  writer's  Cases  I  and  II  (pages  210-212t) 
and  applying  to  the  sections  of  maximum  height,  instead  of  to  the 
section  at  Bay  35.  The  difference  in  height  of  sections  will  be  appar- 
ent on  reference  to  Plate  II.  Moreover,  the  loads  used  by  Professor 
Cain  apply  to  the  structure  in  its  original  condition,  whereas  both 
concrete  and  water  weights  were  greatly  increased  in  the  reconstruc- 
tion, without  any  increase  in  the  horizontal  water  thrust  (Table  3). 
The  horizontal  water  thrust  for  Case  I,  for  instance,  is  but  53  820  lb. 
per  lin.  ft.,  instead  of  81  000  lb.,  as  assumed  by  Professor  Cain. 

In  consequence,  the  conclusions  as  to  resistance  to  sliding,  fur- 
nished under  the  respective  hypotheses  set  up  under  the  theory  of 
coherent  earth,  are  not  applicable.  The  corrected  figures  show  much 
larger  margins  of  safety.  Nevertheless,  it  appears  to  the  writer  that 
the  appropriateness  of  the  methods  used  by  Professor  Cain  has  in 
no  wise  been  affected;  and,  for  the  purpose  of  theoretical  study,  those 
interested  may  well  disregard  the  inapplicability  of  the  figures. 

Professor  Cain  neglects  the  resistance  along  BG  and  IJ  of  his 
Fig.  28,  on  the  ground  that  there  is  "but  little  weight  over  parts  of 

*  Proceedings,  Am,  Soc.  C.  E.,  May,  1917. 

^  Proceedhigs,  Am.  Soc.  C.  E.,  February,  1917. 
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these  surfaces''  (pa^e  017*).  It  should  ho  evident,  however,  on  study  Mr. 
of  PLate  V  and  the  description  of  the  toe-wall  and  its  effect  (page  218t),  ^helm^° 
that  the  new  toe-wall  in  essence  extends  the  base  of  the  dam  as  far 
as  F  (Fig.  28)  and  that,  in  fact,  the  greatest  vertical  loads  on  the 
soil  occur  at  the  very  down-stream  edge  of  the  toe-wall,  namely,  just 
to  the  left  of  the  i)lane  rejiresented  by  the  line,  FC.  For  this  reason 
the  writer  believes  that  one  is  not  warranted  in  omitting  from  consid- 
eration the  resistance  along  BC  and  IJ. 

The  graphical  solution  for  the  passive  resistance  of  the  down- 
stream foundation  soil  is  exceedingly  interesting,  and  here  again  those 
interested  incur  debt  to  Professor  Cain.  The  point  made  by  him, 
that  the  writer  was  too  conservative  in  assuming  zero  load  at  the 
free  surface  of  the  earth  at  F  (Fig.  28),  is  well  taken,  as  is  evident 
frnm  the  analyses  (pages  920-921*). 

On  the  subject  of  the  safety  of  the  structure,  as  repaired  and 
strengthened,  the  measures  taken  appear  to  have  general  api:)roval,  ex- 
cept by  Mr.  Rutenberg.  In  view  of  the  nature  of  the  discussion  sub- 
mitted by  him  (pages  653-659:}:),  the  writer  is  loath  to  make  a  detailed 
reply.  However,  a  number  of  the  premises  adopted  by  him  diverge 
so  widely  from  the  facts  that  it  appears,  advisable  to  examine  some 
of  the  points  which  he  has  raised,  in  order  properly  to  co-ordinate 
the  pai)er  and  tlie  discussion  thereof.  Except  in  special  instances, 
the  writer  will  refrain  from  discussing  mere  expressions  of  opinion 
appearing  in  Mr.  Ilutenberg's  contribution,  for,  of  course,  each  engi- 
neer is  entitled  to  his  own  opinion,  and  it  would  be  futile  to  attempt 
to  obtain  agreement  on  all  points : 

1. — With  reference  to  the  discussion  on  remedying  the  faulty  con- 
dition of  the  foundation  soil  (page  654*),  the  writer  desires  to 
emphasize  that  reliance  against  leakage  was  placed  solely  on  the  exten- 
sion and  perfecting  of  the  cut-oif  wall,  and  not  on  the  compacting  of  the 
foundation  soil  by  grouting.  The  object  of  the  grouting,  as  stated,  it  is 
believed  clearly,  on  pages  241-2421,  was  to  compact  the  soil  for 
bearing  purposes.  In  other  words,  it  was  to  remedy  conditions  caused 
by  leakage  which  occurred  prior  to  the  failure  of  the  dam;  or,  in 
the  words  of  the  desideratum  expressed  by  Mr.  Rutenberg  himself, 
"to  fill,  if  possible,  all  the  holes  found  in  the  foundation  soil"  (page 
657:}:).  It  will  be  noted  that  the  subject  of  pressure  grouting  was  treated 
by  the  ^^Titer  primarily  under  the  heading  of  "Footings",  and  not 
under  that  of  "Leakage  and  Drainage." 

In  passing,  it  may  not  be  out  of  place  to  remark  that  it  is  the 
writer's  experience  that  pressure  grouting  in  porous  soils  and  gravels 

•  Proceedi7igs,  Am.  Soc.  C.  E.,  May,  1917. 

i  Proceedings,  Am.  Soc.  C.  E.,  February,  1917. 

t  Proceedings,  Am.  Soc.  C.  E.,  April,  1917. 


1848         discussion:  EECOXSTRUCTION  of  stony  river  dam   [Papers. 

Mr.  is  not  a  sure  means  of  causing  water-tightness,  but  that,  on  the  other 
helm,  hand,  such  grouting  is  generally  effective  in  rock  having  pronounced 
seams. 

2. — The  writer  agrees  in  essence  with  Mr.  Rutenberg's  statements 
in  the  third  paragraph  of  page  654,*  but  cannot  agree  with  his  con- 
clusion as  expressed  in  the  paragraph  following.  The  writer  must 
still  insist  that  "the  smaller  the  coefficient  of  frictional  resistance, 
the  less  the  net  effect  of  uplift  pressure."  Perhaps  this  anomaly  of 
agreement  on  certain  premises  and  disagreement  as  to  the  conclusion, 
is  explicable  on  the  ground  that  Mr.  Rutenberg  has  not  noted  that  the 
writer's  statement  applies  solely  to  the  effect  of  uplift  pressure  in 
so  far  as  resistance  to  sliding  is  concerned.  This  is  manifest  from 
the  context  (page  201t). 

The  meaning  of  the  writer's  statement  can  perhaps  be  made  more 
clear  by  using  a  numerical  example.  Thus,  if  over  a  given  area  of 
base  of  dam  there  should  exist  an  uplift  pressure  of  100  000  lb.,  there 
would  result  the  equivalent  of  a  net  reduction  in  weight  by  the  same 
amount.  The  net  reduction  in  weight,  however,  is  a  different  thing 
from  reduction  in  resistance  to  sliding.  For  instance,  if  in  this  hypo- 
thetical case  the  coefficient  of  frictional  resistance  were  0.75,  the 
resistance  to  sliding  would,  by  reason  of  the  assumed  uplift,  be 
decreased  by  75  000  lb.  In  the  case  of  the  Stony  River  foxmdation 
soil,  however,  the  coefficient  of  frictional  resistance  probably  averages 
about  0.33.  This  coefficient,  applied  to  the  uplift  condition  just  assumed, 
would  result  in  decreasing  the  resistance  to  sliding  by  only  33  000  lb. 

3. — The  expression  of  opinion  that  leakage  and  percolation  in  the 
dam  should  have  been  intercepted  "directly  and  immediately  on  the 
up-stream  face  of  its  cut-off  wall,  and  discharged  down  stream  by 
special  channels  without  any  pressure"  (page  654*)  is  so  unique  and, 
in  the  writer's  opinion,  illogical,  that  he  hesitates  to  believe  that  it 
was  intended  to  make  such  a  statement.  The  writer  insists  that  one 
need  be  concerned  only  with  such  water  (leakage)  as  passes  through 
the  diaphragm  (intended  to  be  water-tight)  of  which  the  cut-off  wall 
is  a  part.  Of  course,  the  primary  effort  was  devoted  to  making  the 
cut-off  wall  as  tight  as  possible.  In  this  regard,  the  results  of  the 
reconstruction  speak  for  themselves,  namely,  that  at  present  the 
merest  trickles  of  water  pass  through  or  under  those  portions  of 
the  dam  founded  on  earth  over-burden. 

4. — Although  desiring  to  avoid  useless  quibbling  over  terms,  it 
seems  necessary  to  point  out  that  the  statement  imputed  to  the  writer, 
"that  water  under  pressure  in  the  foundation  soil  is  never  harmless" 
(page  655*),  is  not  warranted  by  the  statement  that,  in  the  case  of 
the  Stony  River  foundation,  deep-lying  pockets,  if  any,  of  water  under 
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l)rossiire  are  "relatively  harmless"  (page  251*).  By  ''deep-lying  pockets  Mr. 
of  water"  were  meant  accumulations  of  water,  under  pressure,  existing  ^*heirn^° 
at  elevations  below  the  bottom  of  the  new  anchoring  wall  at  the  heel; 
in  other  words,  below  the  probable  location  of  the  main  "planes  of 
least  resistance."  Such  deep-lying  pockets  of  water  are  relatively 
harmless,  partly  because  of  their  depth,  and  partly  because  of  the 
e()mi)aratively  small  coefficient  of  frictional  resistance  obtaining  in 
the  Stony  River  overburden,  the  effect  and  relation  of  which  coefficient 
to  uplift  pressure  and  resistance  to  sliding  have  been  explained  in 
Paragraph  2. 

5. — The  evidently  uiiintentioual  misstatement  is  made  that  the 
writer  "admits  the  presence  of  considerable  hydrostatic  xiressures  at 
a  distance  of  20  ft.  from  the  down-stream  side  of  the  cut-off  wall" 
(page  6551).  The  writer's  actual  statement,  as  given  on  page  252*, 
is  believed  to  be  self-explanatory  to  a  careful  reader.  The  writer 
does  not  admit  the  presence  of  such  considerable  hydrostatic  pres- 
sures; on  the  contrary,  he  desires  again  to  point  out  that  no  pressure 
head  of  more  than  2  ft.  has  been  detected  at  the  top  of  any  weep- 
holes  or  drain  pipes  since  the  reconstruction  was  completed  (pages 
253-254*). 

6. — The  premises  being  erroneous,  as  shown  above,  Mr.  Rutenberg 
arrives  at  a  conclusion  manifestly  erroneous,  namely,  that  "the 
up-stream  half  of  the  base  is  exposed  to  dangerous  uplift  pressures" 
(page  655f).  This  erroneous  conclusion  leads  to  a  likewise  erroneously 
applied  train  of  "previously  stated  consequences"  (for  which  see 
page  655t). 

7. — Again,  there  is  imputed  to  the  writer  cognizance  of  the  actual 
existence  of  the  rather  strained  hypothetical  phenomena  which  Mr. 
Rutenberg  sets  up  as  to  the  possibility  that  "the  drainage  pipes 
will  be  filled  through  the  higher  perforations  from  the  higher  strata 
of  the  foundation  soil,  etc."  (page  655t).  It  is  conceded  that  such 
conditions  might  exist,  but,  if  so,  it  is  far  from  certain  that  the 
results  would  be  harmful.  Be  that  as  it  may,  however,  the  phenomenon 
referred  to  by  the  ^vriter  (page  254*)  clearly  lends  no  weight  what- 
soever to  the  hypothetical  conditions  proposed. 

Relative  to  this  matter,  it  should  be  noted  that  the  fact  that  so 
many  of  the  weep-holes  and  drain  pipes  remain  just  full  of  water,  but 
not  over-flowing,  is  sufficient  proof  that  the  source  of  such  water  is 
grcjund-watcr,  and  that  it  is  not  the  result  of  leakage  from  the  reser- 
voir. The  writer  is  inclining  more  and  more  to  a  belief  in  the 
correctness  of  the  explanation  of  the  phenomenon  on  the  basis  of 
capillarity. 
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Mr.  8. — From  a  casual  inspection  of  Plate  V,  Mr.  Rutenberg  ventures 

helm,  to  pass  judgment  as  to  the  strength  of  the  anchoring  wall  at  the 
heel.  That  the  inspection  must  have  been  casual  is  shown  by  the  fact 
that,  contrary  to  his  statement  (page  656*),  Plate  V  does  give  the 
essential  dimensions,  and  even  the  details,  of  the  reinforcement  of 
the  anchoring  wall  at  Bay  35.  Furthermore,  data  as  to  the  anchoring 
walls  at  Bays  30  and  31  are  shown  on  Plate  VI. 

An  exposition  o^  the  detailed  calculations  involved  in  the  design 
of  the  anchoring  walls  might  have  been  included  in  the  paper.  How- 
ever, even  as  it  stands,  the  paper  has  been  characterized  as  exhaustive. 
The  addition  of  such  an  exposition,  therefore,  did  not  seem  advisable, 
and  at  this  date  the  military  duties  of  the  writer  preclude  such 
diversion  on  his  part.  Hence  it  must  suffice  to  state  that  the  anchoring 
walls  at  heel  and  toe  were  designed,  with  standard  factors  of  safety, 
so  as  to  carry,  jointly  and  safely,  all  the  horizontal  thrust,  excepting 
only  an  amount  equal  to  the  product  of  the  weight  of  the  super- 
structure (plus  water  load)  multiplied,  in  the  case  of  the  clayey  soil, 
by  a  coefficient  of  frictional  resistance  of  0.2  (page  232t).  The  latter 
amount  of  horizontal  thrust  can  certainly  be  counted  on  to  be  trans- 
ferred into  the  foundation  soil  directly  by  the  frictional  resistance 
existing  between  the  soil  and  the  base  of  the  superstructure.  Essen- 
tially the  same  method*  has  been  used  by  Professor  Cain,  in  the 
admirable  analysis  contained  in  his  discussion  (page  914:};).  The 
only  difference  is  that  Professor  Cain  there  considers  the  writer's 
"frictional  resistance"  as  subdivided  into  friction  and  "cohesion." 

As  a  matter  of  fact,  the  results  obtained  by  Professor  Cain  for 
the  load  carried  directly  from  the  base  of  the  dam  into  the  earth, 
and  thence  down  to  the  "planes  of  least  resistance",  without  being- 
transferred  through  the  anchoring  walls  at  the  heel  or  toe,  are  very 
much  greater  than  those  obtained  by  the  writer  by  the  use  of  the 
coefficient,  0.2.  It  will  be  noted  that  the  coefficient  assumed  by  the 
writer  for  this  particular  purpose  is  only  80%  of  the  "probable 
minimum  value"  shown  in  Table  1 ;  and,  as  such,  it  is  believed  to  be 
thoroughly  conservative,  with  the  purpose  and  result  that  the  anchoring 
walls  were  correspondingly  built  so  much  the  stronger. 

9. — The  fear  is  expressed  that  the  toe-wall  "will  aid  in  collecting 
the  leakage  under  the  dam"  (page  656*).  Inasmuch  as  weep-holes 
were  left  through  the  footings  (see  Plate  V),  it  is  not  believed  that 
the  hydrostatic  pressure  in  the  foundation  soil  at  the  toe-wall  can  be 
sufficient  (the  depth  of  the  wall  considered)  to  require  relief  through 
the  toe-wall.     An   exception  exists   in   the   case  of  the   old   spillway. 
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wluTo  tlie  toe-wall  is  especially  deep  (IT  ft.).     There,  drainage  openiiifrs      Mr. 
were  provided  throujjh  the  vertical  memher  of  the  toe-wall,  the  details  ^'^^^i^^' 
of  which  are  shown  in  Fig.  27. 

10. — With  reference  to  the  effect  of  tlie  heel-wall  and  its  "under-cut 
slope"  (pafie  657*),  the  attention  of  ^Fr.  Ivutenherg  is  respectfully 
called  to  the  physical  fact  that  the  heel-wall  cannot  possibly  present 
additional  surface  for  the  apiilication  of  uplift  pressure  without  at 
the  same  time  presenting  additional  surface  for  the  application  of 
downward  water  pressure,  which,  of  course,  resists  overturning.  Even 
granting  that  the  up-stream  portion  of  the  heel-wall  is  subjected  to 
full  hydrostatic  pressure  on  the  '"under-cut  slope",  the  net  effect  of 
the  heel-wall  would  still  be  to  resist  overturning,  for  the  reason  that 
the  specific  gravity  of  the  heel-wall  concrete  is  much  greater  than  that 
of  the  water  A\hich  it  displaces.  In  this  respect  the  location  of  the 
heel-wall  so  far  up  stream,  and  its  correspondingly  great  lever  arm, 
are  of  no  sn.all  consequence  in  actually  increasing  the  stability  of 
the  structure  against  overturning,  ^fanifestly,  the  result  is  diametri- 
cally ojiposite  to  that  stated  in  the  discussion. 

11. — The  writer  quite  agrees  with  the  implication  regarding  the 
tests  of  frictional  resistance  of  various  Stony  River  soils,  to  the 
extent  that  it  would  be  dangerous  to  rely  on  these  as  giving  truly 
representative  results  (page  657*).  However,  it  by  no  means  follows 
that  the  tests  are  "without  practical  value."  On  what  is  our  knowl- 
edge of  the  frictional  resistance  of  soils  based,  if  not  on  observation 
and  tests,  as  v/ell  as  on  theory  ?  It  should  have  been  unnecessary  again 
to  point  out  what  was  evidently  overlooked,  namely,  that  the  writer 
discounted  the  test  results  to  such  a  degree  that,  instead  of  assuming 
an  average  coefficient  of  0.61,  he  based  the  design  on  a  coefficient  of 
0.33  (page  207t).  Moreover,  the  structure  is  shown  actually  to  be 
safe  with  a  coefficient  of  0.25. 

12. — Similarly,  it  should  not  have  been  necessary  to  remind  any 
one  that  no  pretense  has  been  made  by  the  writer  that  the  weight 
of  the  underlying  foundation  soil  aids,  in  the  least,  to  resist  over- 
turning. The  weight  of  the  underlying  foundation  soil  is  utilized 
solely  to  resist  failure  by  sliding.  Of  course,  once  such  soil  has  been 
washed  away,  it  can  no  longer  resist  sliding;  but  failure  resulting 
from  such"  conditions  would  have  been  due  primarily  to  leakage  or 
undermining;  and  against  failure  of  that  sort  entirely  different 
precautions  have  been  taken. 

13. — ;Mr.  Rutenberg  is  under  a  misapprehension  as  to  the  writer's 
"adding  3J  ft.  of  water  to  the  original  level  in  the  reservoir"  (page 
657*).  As  a  matter  of  fact,  the  writer  did  not  add  to  the  water  level, 
but  merely  made  provision  for  taking  care  of  floods,  which  would  have 
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helm,  strengthened  structure,  irue,  a  parapet  was  added  to  prevent  over- 
flow at  the  bulkhead  sections  and  consequent  undermining  at  the 
down-stream  edges  of  those  sections.  However,  that  the  additional 
horizontal  water  pressure  caused  thereby  is  negligible  should  be  patent 
to  every  one  with  a  moment's  computation.  On  the  other  hand,  the 
new  spillway  serves  to  hold  down  the  water  level  in  the  reservoir 
for  a  given  flood  discharge,  as  compared  with  the  water  level  which 
would  have  existed  in  the  case  of  the  original  structure  for  the  same 
flood  discharge.  It  is  pertinent  to  note  that,  for  instance,  even  on  the 
basis  of  a  run-off  of  1  368  sec-ft.  per  sq.  mile  (as  reported  for  Cane 
Creek,  page  ISO*),  the  bulkhead  section  of  the  original  structure  would 
have  been  overtopped  by  2^  ft.  That  is,  such  a  discharge  could  have 
taken  place  only  after  the  water  level  had  risen  to  an  elevation  of 
about  141.5.  The  corresponding  water  level  under  the  new  conditions 
for  a  spillway  discharge  of  1  386  sec-ft.  per  sq.  mile  will  be  approxi- 
mately at  Elevation  141.65.     Evidently,  the  difference  is  negligible. 

Again,  reference  to  Table  3  will  show  that  the  same  elevation  of 
head-water,  namely  140.5,  was  used  for  the  stability  analyses  for  both 
the  original  and  the  strengthened  structures  under  "normal  maximum 
load." 

14. — It  is  true  that  the  superstructure  of  the  new  spillway  section 
is  heavier  than  that  of  the  original  portions  of  the  dam.  However, 
it  does  not  follow,  by  any  means,  that  either  "the  original  structure 
is  insufficient  or  the  excess  of  the  new  is  useless"  (page  658t).  As  to 
the  original  structure,  the  writer  was  forced  to  choose,  on  the  one 
hand,  between  recommending  the  expenditure  of  a  relatively  enormous 
sum  of  money  in  order  to  strengthen  the  decks  and  buttresses,  and, 
on  the  other  hand,  accepting  somewhat  higher  working  stresses  than 
would  have  been  allowed  had  the  structure  been  designed  initially 
for  the  water  loading  for  which  it  should  have  been  designed.  As  to 
the  new  spillway,  the  increased  cost  of  using  normal  working  stresses, 
as  compared  with  the  cost  for  the  slightly  higher  stresses  obtaining 
in  the  original  portions  of  the  dam,  for  the  same  loading,  was  not 
great,  and  there  would  have  been  no  justification  for  holding  down  the 
new  spillway  dimensions  to  correspond  with  those  of  the  original 
structure  (page  259*).  A  situation  of  this  sort  requires  the  use 
of  common  sense  as  well  as  the  application  of  theory. 

15. — The  unit  bearing  stresses   for   the   soil   and  the  base  of  the 

dam,  the  necessary  data  for  the  computation  of  which  Mr.  Rutenberg 

•   misses    (page   658t),    are   set   forth    in    considerable   detail   on   pages 
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232-236*.     Further  details  mii;lit  have  been  aikled  liad   it  been  desir-      m,-. 
iible  to  extend   indefinitely  the  limits   of  the  paper.  "  ^hei'm^" 

10. — The  writer  is  unable  to  agree  that  the  reservoir  or  ground- 
water leakage,  mentioned  on  page  254*  and  discussed  on  page  658t, 
has  found  other  opportunities  for  "harmful  erosion."  Mere  differences 
of  opinion  are  immaterial,  but  it  is  to  the  point  to  know  that  since 
about  a  montl:  after  the  reservoir  had  completely  filled,  there  have 
been  no  further  appearances  of  muddy  water  at  any  of  the  many 
drainage  openings  in  the  dam.  This  fact  would  seem  to  bear  out  the 
writer's  opinion  (page  254*)  that  the  muddy  nature  of  the  water 
which  appeared  was  due  to  adjustments  in  the  foundation  soil  to  the 
new  conditions  of  loading. 

The  foregoing  comments  have  been  essentially  on  divergences  from 
the  facts.  However,  certain  mere  expressions  of  opinion  on  part  of 
Mr.  Rutenberg  seem  to  warrant  passing  mention.  For  instance,  he 
"believes  the  reconstructed  dam  is  less  safe  than  the  original  structure" 
(page  058+)  and  "is  firmly  convinced  that  the  reconstructed  dam  will 
also  be  broken,  perhaps  soon,  if  adequate  repairs  are  not  made  in 
time"  (page  659f).  It  is  unfortunate  that  opinions  of  so  grave  a 
nature  and  predictions  so  dire  should  be  advanced,  based,  as  they 
are,  on  erroneous  premises,  and  certainly  not  substantiated  by  the 
facts.  Probably  the  most  important  considerations  in  this  regard  are 
the  results  of  the  reconstruction,  which  speak  for  themselves: 

a. — In  the  first  place,  the  reconstructed  dam  has  now  stood  for  more 
than  2  years  under  full  water  load.  The  original  structure  stood  only 
65  days  under  full  water  load  prior  to  failure. 

h. — Shortly  after  the  reconstruction  was  completed,  the  dam  was 
subjected  to  a  flood  which  caused  the  head-water  to  rise  about  3i  ft. 
higher  than  the  highest  water  level  which  had  occurred  during  the 
short  life  of  the  original  structure. 

c. — Finally,  an  inspection  made  recently  by  the  writer  showed  that 
the  dam  is  in  excellent  condition. 

-Certain  criticisms  have  been  offered  by  Mr.  Moore  (page  659t). 
Two  of  these  in  effect  duplicate  criticisms  made  by  Mr.  Rutenberg, 
namely,  as  to  the  value  of  the  'vvriter's  tests  of  frictional  resistance  and 
as  to  the  structural  strength  of  the  new  anchoring  walls  at  the  heel 
of  the  dam.  The  writer's  comments  in  regard  to  these  criticisms  may 
be  found  in  the  paragraphs  numbered  11  and  8,  respectively. 

The  contingency  of  the  fracture  of  the  anchoring  wall  at  the  heel, 
to  which  Mr.  Moore  refers,  is  not  believed  by  the  writer  to  be  a  serious 
one.  The  extent  to  which  such  considerations  are  pertinent  is  a 
matter  of  judgment,  as  to  which  it  is  not  surprising  to  find  differences 
of  opinion.    Had  it  been  considered  necessary  by  the  writer,  the  heel- 
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Mr.  wall  and  toe-wall  could,  and  would,  have  been  made  even  deeper,  thus 
VeliiL°  further  reducing  the  unit  soil  pressures  caused  by  such  horizontal 
thrust  as  is  transferred  by  the  anchoring  walls  into  the  foundation 
soil.  The  writer  desires,  further,  to  point  out  that  it  would  be  im- 
possible to  have  uplift  pressures  from  both  clay  and  water  acting 
on  the  same  areas  of  the  base  of  the  dam.  Inasmuch,  therefore,  as 
certain  allowances  were  made  for  the  uplift  pressure  of  water  (Table 
3),  it  is  evident  that  considerable  provision  has  already  been  made 
for  flotation  effect,  if  any,  on  part  of  the  foundation  soil. 

The  "floating  off"  of  a  dam  is,  in  the  writer's  opinion,  a  fanciful 
expression  rather  than  a  serious  possibility.  He  has  yet  to  learn  of 
an  actual  case  of  floating  of  a  dam  on  either  water  or  soil.  Never- 
theless, he  does  not  mean  to  belittle  the  possibilities  and  eft'ect  of 
uplift  pressure,  as  is  shown  by  the  load  assumptions  set  forth  in 
Table  3  under  the  "most  severe  conditions  within  limits  of  reason." 

Again,  Mr.  Moore  states  that  the  w^ater  assumed  to  flow  over  the 
intermediate  spillway  would  not  fall  "well-nigh"  vertically.  Although 
desirous  of  avoiding  any  hair-splitting  discussion  as  to  what  "well- 
nigh"  vertically  means,  the  writer  wishes  to  state  that  the  upper  and 
lower  nappes  of  the  over-falling  water  were  determined  according  to 
the  results  of  the  experimentation  of  M.  Bazin,  and  the  tumbling 
hearth  mentioned  (page  185*)  was  designed  accordingly.  It  is  inter- 
esting to  note  that  Mr.  Brodie  in  his  discussion  (page  GGTf)  mentions 
that  his  own  checking  gave  results  practically  identical  with  those 
of  the  writer  for  the  shape  of  the  new  spillway  crest.  The  same 
method  was  used  by  the  writer  in  determining  the  shape  of  the  new 
spillway  crest  as  in  determining  the  nappes  of  the  over-falling  sheet 
of  water  at  the  intermediate  spillway.  The  fact  that  both  studies 
were  based  on  the  work  of  M.  Bazin  explains  the  close  check  between 
the  results  obtained  by  Mr.  Brodie  and  by  the  writer. 

The  real  value  of  the  use  of  the  brittle  steel  pins  as  flash-board 
supports  is  no  longer  a  matter  of  doubt;  the  results  of  three  seasons 
of  operation  speak  for  themselves.  Thus  far,  the  pins  and  flash-boards 
have  allowed  the  undisturbed  and  safe  utilization  of  the  25%  addi- 
tional capacity  of  the  reservoir  made  available  by  the  use  of  the  flash- 
boards.  The  writer  does  not  pretend  that  any  and  all  brittle  steel 
pins  will  accomplish  such  results,  but  does  believe  that  merit  is  justly 
attributable  to  the  pins  adopted  in  the  present  case. 

In  addition  to  the  foregoing,  certain  scattered  comments  appear 
to  be  appropriate  to  round  out  the  closure  of  the  discussion : 

Mr.  Finch  very  properly  emphasizes  the  advisability  of  paying  more 
attention   to   the   architectural   treatment  of  dams,   etc.    (page   652t). 
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111  this  the  writer  (Mitirely  agrees,  even  though  special  treatment  was  Mr. 
not  necessary  or  warranted  in  an  isolated  location  like  that  of  the  dam  '^^i^eTm*" 
under  discussion.  The  type  of  treatment,  of  course,  had  been  fixed 
l)efore  the  writer's  arrival  on  the  scene.  It  is  noteworthy,  however,  that 
(he  construction  of  a  second  spillway  gave  a  balancing  effect,  eispeclally 
to  the  down-stream  view  of  the  dam.  which  the  original  structure 
entirely  lacked. 

With  reference  to  Mr.  Downs'  discussion  of  the  coefficients  of  fric- 
tidiial  resistance  of  Appalachian  materials  (page  660*),  it  is  well 
to  renieinl>er  that  though  the  tests  showed  an  average  coefficient  of 
().(!! .  the  designs  were  actually  based  on  a  probable  coefficient  of  0.33, 
and  that  it  is  designed  to  be  safe  for  a  coefficient  of  0.25,  without 
reliance  on  the  shearing  resistance  of  the  clayey  soil. 

On  the  several  questions  raised  by  Mr.  Dunham  (page  663*),  the 
writer  is  unable  to  shed  any  light.  Most  of  the  questions  do  not 
fall  within  the  scope  of  his  investigation,  and  it  is  not  Iwlieved 
to  be  appropriate  to  extend  the  present  discussion  by  a  consideration 
of  the  iwssibilities  of  imitating  Nature's  regulation  of  the  liow  of 
streams.  The  use  of  the  increased  flow  of  the  river  for  power  pur- 
poses was  not  contemplated. 

Mr.  Gregory  expresses  concern  as  to  the  advisability  of  placing 
tar-paper  in  the  joints  of  a  dam  (page  925t).  In  the  case  of  this  dam, 
this  material  was  not  expected  to  be  permanent,  and  it  is  believed  that, 
as  the  tar-paper  gradually  disappears,  in  years  to  come,  it  will  simul- 
taneously be  replaced  by  sediment  and  accretions  resulting  from  the 
action  of  the  reservoir  water  on  the  concrete,  particularly  the  alkaline 
elements  thereof. 

It  was  economy  that  dictated  the  use  of  such  an  expedient  as 
tar-paper;  yet  its  immediate  effectiveness  appears  to  have  been  as 
great  as  one  could  expect  from  any  other  method.  The  leakage 
through  the  joints  has  actually  become  negligible,  and  that,  of  course, 
is  the  result  sought.  A  leakage  proportionate  to  that  reported  by  Mr. 
(iregory  as  having  existed  at  the  Ashokan  Dam  (page  929t)  would 
have  been  intolerable  at  Stony  River,  in  view  of  the  relatively  small 
reservoir  capacity  available  in  the  latter  case.  It  is  interesting  to 
note  that  the  initial  daily  leakage  at  the  Ashokan  Dam  was  approxi- 
mately one-quarter  of  the  total  storage  capacity  of  the  Stony 
River  Reserv'oir.  Possibly  the  reduction  in  leakage  in  the  former 
case  has  likewise  been  due  to  sedimentation;  such  an  effect  has  fre- 
iiuently  been  observed  by  the  writer. 

The  percentage  of  "plums"  specified  in  connection  with  the  Class  C 
concrete  was  intended  to  fix  a  maximum  limit,  and  does  not  represent 
an   average   of   the   quantity   actually  used.     As   a   matter  of  fact,   a 
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maximum  limit  need  hardly  be  fixed.  At  any  rate,  the  writer  agrees 
with  Mr.  Jorgensen  that  20%  of  "plums"  represents  a  very  high  aver- 
age (page  934*).  The  writer  does  not  know  the  actual  quantity  of 
"plums"  placed  in  the  Class  G  concrete  at  Stony  River. 

The  mathematical  solution  presented  (page  940*)  by  Professor 
Church,  for  determining  portions  of  curves  showing  "discharge  over 
spillways",  such  as  used  in  Figs.  12  to  15,  is  indeed  most  interesting, 
utilizing,  as  it  does,  methods  of  attack  in  which  Professor  Church 
is  a  past  master. 

Unfortunately,  quantitive  measurements  of  leakage  were  not  made 
on  May  25th  and  November  1st,  1915,  as  referred  to  by  Mr.  O'Shaugh- 
nessy. 

Mr.  Justin  oifers  an  alternative  suggestion  for  combining  means 
to  increase  resistance  to  sliding  and  to  increase  the  length  of  the 
path  which  leakage  water  from  the  reservoir  must  follow.  The  essen- 
tials of  these  means  are  shown  in  Fig.  39.  With  reference  to  the  first 
phase  of  the  suggestion,  it  may  be  said  that  preliminary  studies  along 
the  same  line,  namely,  of  increasing  the  weight  of  superstructure 
(page  213f),  showed  that  nothing  short  of  a  complete  filling  of  the 
available  space  with  masonry  or  concrete  would  suffice.  Of  course, 
the  considerations  regarding  overloading  of  the  foundation  soil  at 
the  toe  were  applied  to  the  base  as  actually,  and  materially,  widened 
by  the  building  of  the  new  toe-wall.  Had  the  expedient  of  increasing 
the  superstructure  weight  been  adopted,  it  would  naturally  have  been 
advisable,  as  Mr.  Justin  suggests,  to  place  the  added  weight  as  far  up 
stream  as  possible.  Unfortunately,  however,  the  slope  of  the  deck 
would  have  precluded  obtaining  any  material  advantage  thereby. 

A  similar  method  of  transferring  the  load  from  the  buttress  into 
the  toe-wall  was  actually  used  in  the  reconstruction  in  connection 
with  the  special  work  at  the  outlet  gate  bays   (see  Plate  VI). 

As  to  the  lengthening  of  the  path  of  travel  of  leakage  water,  the 
writer  believes  that  reliance  may  be  placed  on  this  method  more 
safely  in  the  case  of  gravel  or  sand  foundations  than  where  loam  and 
clay  are  involved,  as  at  the  Stony  River  site.  It  should  also  be  noted 
that  the  corresponding  widening  of  the  base  of  the  dam,  assuming  an 
entire  absence  of  drainage  openings  through  the  base,  would  increase 
the  allowance  necessary  to  be  made  for  uplift  pressure. 

In  the  case  of  the  suggested  up-stream  concrete  apron,  absolute 
water-tightness  would  be  imperative,  and  therein,  the  writer  believes, 
would  lie  the  greatest  difficulty,  especially  if  the  apron  were  made  only 
6  in.  thick.  Furthermore,  the  original  cut-off  wall  is  much  less 
pervious  than  the  soil  which  would  underlie  the  suggested  apron. 
Consequently,  the  result  would  probably  be  a  gradual  accumulation 
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uf  water  under  pressure  under  the  apron,  with  resulting  decrease  in      Mr. 
the  efficacy  of  the  expedient.     This  would  be  true  even  if  the  reservoir  ^*^i^y/,H*° 
water  could  penetrate  under  the  apron  only  at  its  up-stream  edge. 

Although  it  was  considered  well  worth  while  to  make  the  expensive 
addition  of  anchoring  walls  to  the  original  structure,  it  should  be 
remembered  that  the  same  results  could  have  been  obtained  much 
more  easily  and  economically  had  a  combination  of  anchoring  wall 
at  the  heel  and  of  cut-ofiF  been  constructed  as  a  part  of  the  dam  at 
the  very  beginning.  For  a  case  of  original  construction,  therefore,  the 
advantages  of  using  the  principle  of  anchoring  walls  are  even  more 
a])i)arent. 

The  West  Virginia  Pulp  and  Paper  Company  is  following  the 
I>raiseworthy  course  of  having  annual  inspections  of  the  dam  made 
l>y  an  experienced  engineer;  moreover,  there  is  the  additional  safe- 
guard of  daily  inspections  by  a  regular  attendant. 

In  conclusion,  the  writer  wishes  to  express  his  satisfaction  with  the 
magnanimous  approval  contained  in  the  discussions  by  Mr.  Coburn, 
Chief  Engineer  of  the  Ambursen  Company,  and  by  Mr.  Wegmann, 
who  had  been  retained  in  an  advisory  capacity  during  the  period  when 
the  original  construction  of  the  dam  was  under  consideration. 
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E.  A.  Mnn\TZ.,X  Assoc.  M.  A.m.  Soc.  C.  E.  (by  letter). § — The  author.  Mr. 
states  that  the  primary  purposes  of  his  paper  are:  (a)  to  give  engi- 
neers an  idea  of  the  difference  between  the  various  grades  of 
wood  pipes;  (fe)  to  set  forth  a  standard  set  of  specifications  for  the 
assistance  of  engineers  who  have  had  no  opportunity  to  become  versed 
in  their  design;  and  (c)  to  safeguard  those  who  contemplate  building 
such  pipe.  His  purposes  appear  to  have  been  very  well  accomplished 
and,  on  the  whole,  the  paper  is  well  worth  careful  study  by  any  one 
who  is  without  information  or  experience  in  wood  stave  pipe  design. 
Tlie  writer  would  issue  only  one  caution  to  the  uninitiated,  and  that 
is,  that  the  author  appears  to  give  undue  prominence  to  the  value  of 
redwood  as  compared  with  fir,  which  may  be  due  to  the  fact  that  he 
may  have  had  less  experience  with  the  latter.  This  tendency  will  be 
(list'usscd  later. 

The  writer  will  confine  himself  to  pointing  out  some  statements 
which  are  not  exact  or  which  are  open  to  differences  of  opinion.  One 
of  these  is  that  redwood  is  the  best  known  material  for  wood  pipe. 
This  may  have  been  true  25  years  ago,  but  its  accuracy,  at  the  present 
time,  is  questioned.     There  are  at  least  five  large  companies  on  the 
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Mr.  Pacific  Coast  which  manufacture  fir  pipe  exclusively,  and  only  two 
which  manufacture  redwood  pipe.  The  writer  has  no  statistics  at  hand, 
but  it  is  not  unlikely  that  the  output  of  fir  pipe  far  exceeds  that  of 
redwood. 

In  regard  to  redwood  pipe,  the  author  says : 

"Direct  exposure  to  the  rays  of  the  desert  sun,  and  alternate  wetting 
and  drying  when  the  pipe  is  used  intermittently  in  irrigation  systems, 
do  not  lessen  its  efficiency." 

This  appears  to  be  an  inaccurate  statement,  but  if  the  author  means 
that  such  conditions  do  not  hasten  the  decay  of  the  wood,  he  will 
find  few  engineers  to  agree  with  him. 

The  author  cites  various  specifications  of  the  U.  S.  Reclamation 
Service  as  examples  of  the  embodiment  of  different  fundamentals  for 
the  purchase  of  similar  materials,  and  states  that,  in  some  of  these, 
redwood  is  placed  on  an  equal  basis  with  uncoated  fir  and,  in  others, 
with  coated  fir.  This  is  an  incorrect  understanding  of  the  practice 
of  the  Reclamation  Service,  which  is  to  compare  redwood,  coated  fir, 
and  uncoated  fir  on  their  merits,  as  influenced  by  the  peculiar  local 
conditions  stirrounding  each  installation.  That  is,  when  competitive 
bids  are  asked  for  the  three  different  classes  of  materials,  the  prices 
submitted  are  not  compared  directly,  but  an  estimate  is  made  of  the 
•probable  length  of  life  of  each  class  of  construction  and  the  cost  of 
maintenance  and  replacement,  and  the  ultimate  cost  is  made  the 
basis  of  decision  as  to  the  most  economical  construction.  It  is  well 
known  that  redwood  is  much  more  durable  than  uncoated  fir,  and 
it  is  probable  that  it  is  more  durable  than  coated  fir  under  similar 
conditions,  but,  as  to  the  latter,  available  information  is  not  conclusive. 

The  statement  that  galvanized  bands  have  been  used  on  wood  pipe 
in  the  Hawaiian  Islands  is  interesting.  The  writer  did  not  know 
that  this  had  ever  been  done,  and  he  has  always  held  the  opinion  that 
the  spelter  could  not  withstand  the  severe  treatment  given  the  bands 
during  erection.  If  galvanized  rods  can  be  put  in  place  without 
serious  injury  to  the  spelter,  such  material  would  be  a  great  improve- 
ment over  the  asphalt  paint  generally  used,  which  is  not  satisfactory. 
The  cost  would  not  be  prohibitive. 

The  author  states  that  machine-banded  pipe  is  made  in  sizes  from 
2  to  24  in.  Several  manufacturers  are  now  making  very  satisfactory 
machine-banded  pipe  up  to  30  in.  in  diameter.  The  writer  is  not 
informed  as  to  whether  or  not  such  pipes  have  been  manufactured 
in  larger  sizes  than  30  in. 

The  author  is  not  in  favor  of  inserted  or  slip-joint  pipe.  Probably  few, 
if  any,  engineers  will  agree  with  him  in  this.  The  inserted  joint  is  en- 
tirely satisfactory  for  heads  up  to  about  100  ft.  and,  if  properly  reinforced 
with  individual  bands,  might  be  used  successfully  under  higher  heads. 


Mr.' 


Miller. 
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I'lic  limit,  11(1  tltiuht,  is  lower  for  the  larger  than  for  the  smaller  pipe. 

Information  on  this  point  is  not  conclusive,  but  if  the  writer  may  ^°'"'*^' 
venture  a  guess,  it  is  that  the  reinforced  inserted  joint  can  be  used 
successfully  for  24-in.  pipe  under  a  maximum  head  of  50  ft.  and  for 
8-in.  pipe  under  a  maximum  head  of  150  ft.  The  reinforced  in.sertod 
joint  has  been  used  successfully  on  30-in.  pipe  under  a  25-ft.  hc.id. 
The  wood  collar  is  the  most  vulnerable  part  of  the  pipe  to  the  ravages 
of  decaying  inHuences,  diu'  to  its  lack  of  saturation,  and,  on  this 
account,  it  should  be  used  only  when  necessary. 

The  author  says,  "Fir  is  the  pipe  that  has  failed,  tlie  oldest  lines 
liaving  been  built  not  more  than  10  years,  *  *  *".  This  is  a  sur- 
])rising  statement,  in  view  of  his  knowledge  of  Mr.  Henny's  article  on 
'*i.,ife  of  Wood  Pipe."*  This  article  does  not,  by  any  means,  include 
all  the  wire-wound  fir  wood  pipes  that  have  been  built,  but,  it  does 
include  one  pipe  that  was  20  years  old  and  another  that  was  19  years 
old  in  1915.  The  former  is  stated  to  be  in  "good  condition"  and  the 
latter  "in  excellent  condition,  including  wire." 

A.  N.  ;^^ILLER,t  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).:}: — This  paper  ^^Mr. 
is   a    valuable   addition   to   the   existing  literature   on   the   subject   of 
wood  stave  pipe. 

The  writer  cannot  agree  with  Mr.  Partridge,  however,  when  he 
states  (page  583§)  that  machine-banded.  Class  A  pipe  "will  have  a 
life  of  from  15  to  25  years  when  receiving  no  attention;  a  longer  life 
under  ideal  conditions,  as  when  laid  in  soils  having  the  least  possible 
corrosive  effect  on  the  galvanized  wire,  and  when  operating  under 
pressure,  so  as  to  insure  complete  saturation  of  the  wood."  This  state- 
ment may  or  may  not  be  true.  It  may  be  assumed  that  the  life  of 
clear  redwood,  completely  saturated,  is  exceedingly  long,  and  if  the 
pipe  is  placed  in  a  soil  which  permits  of  the  staves  being  continually 
saturated,  there  is  no  doubt  that  they  will  last  for  25  years,  or  even 
much  longer. 

The  lack  of  i)ermanency  in  machine-banded  pipe  is  due  to  the 
corrosion  of  the  wire,  which  is  of  comparatively  small  sectional  area. 
As  shown  in  Table  3,  machine-banded  pipe  is  at  present  manufactured 
in  diameters  up  to  24  in.,  with  sizes  of  wire  varying  from  No.  12  in 
the  2-in.  size  to  No.  4  in  the  24-in.  size,  the  spacing  of  the  wires  varying 
with  the  pressure,  as  there  tabulated. 

By  referring  to  Table  2,  on  continuous  wood  stave  pipe  with  ordi- 
nary band  steel,  it  will  be  noted  that  the  usual  type  is  made  successfully 
in  diameters  up  to  144  in.,  and  that  the  corresponding  diameter  of  the 
band  on  the  24-in.  pipe  is    ^  in.     The  wire  on  the  machine-banded 

•  Reclamation  Record,  August,  1915. 
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Mr.  pipe  is  fj^alvanized.  On  the  ordinary  pipe,  the  bars  may  or  may  not  be; 
**'"'''■•  usually,  they  are  not. 

It  has  been  the  writer's  experience  that  in  the  lighter  gauges  of 
metal,  the  corrosion  of  steel,  when  exposed  to  atmospheric  and  soil 
conditions,  is  extremely  rapid,  even  though  the  metal  is  galvanized. 

Much  has  been  heard  lately  of  the  so-called  pure  irons,  which  are 
said  to  resist  corrosion  to  a  marked  degree.  The  advertisements  by 
the  manufacturers  of  these  materials  would  almost  lead  one  to  believe 
that  the  oxidation  of  iron  and  steel  is  a  thing  of  the  past.  On  close 
observation,  one  can  readily  see  that  these  companies  shield  themselves 
behind  a  good  coat  of  galvanizing.  It  has  been  stated  recently  by  a 
representative  of  one  of  the  largest  manufacturers  of  this  so-called 
pure  iron,  which,  in  reality,  is  a  low-carbon  steel  made  in  an  open- 
hearth  furnace,  that  60%  of  their  tonnage  is  galvanized.  The  writer 
does  not  wish  to  give  the  impression  that  the  product  put  out  by 
these  companies  is  inferior.  He  does  wish,  however,  to  emphasize  the 
point  that,  in  a  practical  sense,  the  virtue,  or  resistance  of  this  metal 
to  corrosion  is  due  to  the  galvanized  coating — not  to  the  purity  of 
the  base  metal,  as  represented  in  most  of  these  advertisements.  The 
skill  of  the  press  agents  employed  by  these  manufacturers  is  in  advance 
of  that  of  their  chemists  and  artisans.  It  may  be  said  that  in  the 
defeat  of  corrosion,  purity  in  the  base  metal  is  undoubtedly  desirable, 
but  the  requisite  purity  is  practically  or  conunercially  unattainable. 

When  one  studies  the  subject  of  corrosion  from  the  point  of  view 
of  the  electrolytic  theory,  it  is  readily  seen  that  it  is  very  difficult  to 
manufacture,  on  a  commercial  scale,  a  steel  which  is  non-corrodible. 
It  is  practically  impossible  to  eliminate  all  impurities ;  it  is  also  difficult 
to  render  the  steel  perfectly  homogeneous.  As  a  result  of  the  dissimi- 
larity in  the  comjwsition  of  the  molecules,  electric  currents  are  set 
up,  under  certain  conditions,  which  decompose  any  water  present  into 
its  constituents,  hydrogen  and  oxygen. 

It  may  be  considered  that  waters  carried  by  wood  stave  pipes  are 
weak  electrolytes,  due  to  the  salts  held  in  solution.  It  must  be 
remembered,  also,  that  ordinary  waters  are  saturated  with  dissolved 
oxygen  and  carry  carbonic  acid  in  solution.  These  waters  also  have 
extremely  variable  degrees  of  alkalinity.  Electrolysis  and  corrosion, 
therefore,  go  hand  in  hand,  ever  tending  to  restore  these  products 
to  the  more  stable  compounds  found  in  Nature. 

The  writer  has  seen  extra  heavy  wrought-iron  pipe,  in  reality  steel 
pipe,  which  was  used  to  carry  Pintsch  gas  to  the  railroad  cars,  rust 
out  completely  in  18  months.  This  pipe  was  laid  in  ashes  in  the 
railroad  yards,  and  the  conditions  for  rapid  corrosion  were  ideal,  the 
pipe  being  buried  in  a  relatively  concentrated  electrolyte.  This  i)ipe 
failed,  or  rusted  through,  near  the  joints  where  the  mechanics  had 
applied  their  Stillson  wrenches  in  screwing  up  the  pipe,  thereby  break- 
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injr  the  outer  skin.     This  coiHlition  was  finally  corrected  by  embedding    Mr. 
the  pipes  in  cement  niox-tar.     Similar  pipes  in  clay  soil  have  been  in  *''"®'"- 
use  for  15  years  without  showing  serious  effects  from  oxidation. 

In  tlie  purification  of  coal  and  water  gas,  hydrated  oxide,  or  iron 
rust,  is  used  to  remove  the  sulphureted  hydrogen.  The  oxide  is  made 
from  cast-iron  tilings  or  machinc-shoi)  borings.  The  filings  are  piled 
jiiid  wet  down  with  water,  and  a  small  quantity  of  common  salt  is 
usually  added.  In  a  very  few  hours  great  heat  is  evolved  as  the 
eliciuical  action  or  d.xidaticui  jiroceeds.  It  is  necessary  to  control  the 
ti'UiiHTaturc  111'  the  mass,  as  the  efficiency  of  the  final  ])r()duct  is 
lowered  if  high  temperatures  are  permitted.  This  is  done  by  spreading 
the  oxide  in  thin  layers.  The  mass  is  sprinkled  fi'cnn  day  to  day  with 
an  ordinary  garden  hose.  It  is  also  turned  over  periodically  so 
as  to  expose  new  surfaces  to  atmospheric  influence's.  In  the  course 
of  about  ;!0  days  or  (i  weeks  the  oxide  is  r(>ady  for  use.  This  oxide  is 
found  to  be  of  slightly  different  chemical  composition  from  the  ordi- 
nar>^  l)recipitated  oxide.  It  is  nuich  cheaper,  however.  The  writer 
cites  the  foregoing  in  order  that  those  not  familiar  with  the  gas 
industry  may  know  how  quickly  the  complete  oxidation  of  iron  may 
take  place. 

It  may  be  stated,  therefore,  that  it  is  not  well  to  fix  arbitrarily  the 
life  of  a  wood  stave  pipe,  at,  say,  from  15  to  25  years,  without  knowl- 
edge of  its  location  and  the  chemical  characteristics  of  the  soils  to 
which  it  may  be  subjected,  as  the  life  may  be  long  or  short,  depending 
on  these  governing  conditions. 
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Bv  Charles  Evan  Fowler,  M.  Am.  Soc.  C.  E. 


Charles  Evan  Fowler,!  M.  Am.  Soc.  C.  E. — There  has  been  no  Mr. 
other  kind  of  engineering  design  in  which  the  practical  problems  have 
liad  larger  scope  than  in  that  of  dredges  of  all  kinds,  and  particularly 
is  this  true  of  the  design  of  dipper-dredges.  For  many  years  the 
speaker,  as  chief  and  consulting  engineer,  has  been  connected  with  the 
dredging  of  a  vast  quantity  of  material  in  the  Pacific  Northwest.  This 
material  has  consisted  of  a  greater  percentage  than  usual  of  hardpan 
iind  cemented  gravel,  which  is  harder  to  dig  than  many  kinds  of  soft 
rock,  and  offers  greater  resistance,  for  all  parts  of  dredging  machinery, 
than  any  material  of  which  the  speaker  is  aware. 

Some  years  ago,  in  building  a  dredge  for  digging  this  material, 
the  machinery  complete  was  purchased  for  a  7-yd.  dipper  plant,  and, 
as  tlie  time  in  which  to  assemble  the  dredge  was  short,  it  was  mounted 
on  an  old  clam-shell  dredge  hull,  50  by  100  ft.,  and  the  compound 
engines  on  this  were  used  as  swinging  engines  by  connecting  them 
to  the  turn-table  with  double  wire  rope  blocks.  Many  other  makeshifts 
had  to  be  used,  but,  after  the  rush  work  was  completed,  a  new  wooden 
hull  was  built,  which  was  40  by  100  by  11  ft.,  and  proved  to  be  none 
too  large  for  dredging  of  this  class.  There  is  nothing  more  important 
than  having  a  hull  with  sufficient  beam  for  side  digging,  to  take  the 
load  off  the  spuds,  and,  of  course,  the  hull  must  be  of  such  length 

•  This  discussion  (of  the  paper  by  Ray  W.  Berdeau.  Jun.  Am.  Soc.  C.  E.,  pub- 
lished in  AuKUst,  1917.  Procecdincia,  and  presented  at  the  meeting  of  September  19th, 
1917),  is  printed  in  Procccilinun  in  order  that  the  views  expressed  may  be  brought 
before  all  members  for  further  discussion. 

t  New  York  City. 
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Mr.     that  it  will  not  rise,  out  of  the  water  at  the  stern  when  digg-ing  hard 

ow  er.  j^jg.|-gj.j^|  Qj.  ^y}jei^  digging  with  a  large  dipper.     It  will  readily  be  seen 

from  this  that  the  first  two  Panama  dredges,  which  had  a  beam  of  only 

44  ft.,  were  too  narrow,  and  it  was  certainly  a  wise  change  to  make 

the  Cascadas  of  55  ft.  beam. 

Even  when  ordinary  conditions  as  to  getting  steel  prevail,  the 
speaker  has  found  many  advantages  in  building  wooden  hulls,  inasmuch 
as  it  is  often  necessary  to  cut  through  the  hull  for  various  purposes, 
or  to  make  various  connections  to  it,  all  of  which  can  be  more  readily 
done  with  a  wooden  hull.  Then,  again,  a  wooden  hull  is  more  easily 
repaired  than  a  steel  hull,  and  the  speaker  knows  of  wooden  hulls  which 
are  30  years  old,  are  still  in  use,  and  are  g'iving  good  service.  How- 
ever, such  hulls  must  be  properly  built,  so  as  to  have  sufficient  strength 
and  stiifness  and  plenty  of  air  space;  and,  in  salt  water,  they  must 
be  properly  constructed  for  protection  against  the  teredo.  Under 
present  conditions,  the  speaker  thinks  that,  for  all  classes  of  dredges, 
hulls  constructed  of  reinforced  concrete  would  be  cheaper  than  either 
wood  or  steel,  and  in  many  cases  preferable.  Many  recent  dredges  of  all 
types  have  been  constructed  wdth  steel  hulls,  and  some  have  been  used 
on  work  with  which  the  speaker  has  been  connected,  these  dredges 
also  having  steel  spuds  and  everything  of  the  most  substantial  con- 
struction. 

No  matter  how  exactly  everything  has  been  figured  out  for  dipper- 
dredges,  especially  as  regards  the  boom  and  dipper  handles,  it  will 
be  found  that  it  is  necessary,  almost  immediately,  to  beg'in  re-driving 
rivets  and  reinforcing  the  sections;  therefore,  it  would  seem  to  be  only 
a  matter  of  precaution  to  assume  that  the  loads  which  cannot  be 
figured  should  be  taken  care  of  by  at  least  doubling  the  calculable 
stresses  for  loads  suddenly  applied.  The  dippers  are  the  most  frequent 
sources  of  trouble,  and  have  to  be  reinforced,  particularly  on  the  front 
and  around  the  nose.  The  same  thing  happens  with  almost  all  the 
clam-shell  buckets  of  standard  design,  as  it  is  usually  necessary,  not 
only  to  increase  the  weight  of  the  shells,  but  of  all  the  pins  and 
bearings  as  well.  With  reference  to  sheaves,  it  has  been  the  speaker's 
practice  to  make  them  as  large  as  reasonably  possible,  in  order  to 
lengthen  the  life  of  the  wire  ropes,  and  to  provide  them  with  very  large 
pins  and  boxes  in  order  to  avoid  cutting  the  bearings. 

The  discussion  on  this  paper  has  brought  out  the  fact  that  there 
is  grave  doubt  as  to  whether  compound  engines  are  desirable  for 
dipper  machines,  and  there  is  certainly  no  point  about  dredge  design 
about  which  the  purchaser  should  be  more  certain  as  to  capacity 
than  in  the  boilers  and  engines.  The  speaker  has  found  it  very  satis- 
factory to  check  lip  the  engines  by  Seaton's  formula,  which  gives  very 
close  to  the  actual  indicated  horse-power,  although  it  very  often  calls 
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iur  ail  I'li^iiu'  of  iiuu'li  larjit'i"  size   ior  the  rcciuircd   horsc'-ix)wer  than      Mr. 
would  be  uttered  by  an  engine  builder.  I'owier. 

Fur  nearly  twenty  years  the  speaker  has  operated  fleets  of  dredges, 
coini)risiiig  all  the  different  types,  and  it  is  largely  a  matter  of  judg- 
ment as  til  till'  type  which  should  be  used  in  any  particular  work. 
The  plant  of  the  United  Dredging  Conipany,  for  which  the  speaker  is 
at  present  acting  as  ('onsulting  Engineer,  comprises  suction  hopper 
sea-going  dredges;  regular  suction-dredges  of  the  largest  type;  suction- 
dredges  which  are  provided  with  propellers  for  going  from  one  job  to 
another  under  their  own  steam;  dipper-dredges;  and  large  clam-shell 
dredges.  This  gives  the  necessary  variety  to  handle  work  of  all  kinds 
in  the  United  States,  Alaska,  Mexico,  Hawaii,  and  abroad. 

The  discussion  has  also  brought  out  the  fact  that  the  cost  given  in 
the  paper  does  not  cover  the  cost  of  the  disposal  of  the  material,  and 
this  should  be  very  strongly  emphasized  in  the  paper  before  its  final 
imblication,  as  it  is  very  important  to  have  dump-scows  of  proper 
number  and  size,  as  w^ell  as  tugs  of  sufficient  power,  in  order  to  get 
a  project  started,  and  take  out  the  full  yardage  of  which  the  dredge 
is  capable.  The  speaker  is  always  skeptical  in  regard  to  published 
costs  of  dredging  work,  as  the  figures  are  usually  only  for  the  bare 
dredging,  without  the  proper  overhead  charges  and  extensive  plant 
repair,  which  may  cost  as  much  as  from  $20  000  to  $50  000  at  a  time, 
if  a  job  has  lasted  from  fi  to  12  months,  and  which  certainly  bears 
no  relation  to  the  ordinary  figures  which  are  included  for  simple  depre- 
ciation. 

Some  years  ago,  when  making  prices  on  dredging  work  in  the 
Northwest,  the  speaker  was  bothered  with  reports  of  dredging  being 
done  on  the  Columbia  River  at  from  2  to  8  cents  per  cu.  yd.  This 
was  investigated  fully,  the  total  costs  for  a  number  of  years  previous 
— back  to  the  inception  of  the  work — being  taken  from  the  reports 
of  the  Port  of  Portland,  including  overhead,  experimental  work,  and 
expenditures  of  every  sort.  The  yardage  reported  was  also  taken, 
although  a  large  part  of  this  was  admittedly  washed  out  by  the 
current;  and  the  cost  was  found  to  be  more  than  26  cents  per  cu.  yd. 
This,  of  course,  has  been  greatly  bettered  during  recent  years  by  more 
efficient  administration  and  a  more  efficient  and  modern  plant,  but, 
from  this  source  no  more  is  heard  of  ridiculously  low  costs.  Some 
one  must  pay  general  or  overhead  expenses  eventuall.v. 

In  closing,  the  speaker  would  like  to  call  attention  to  a  type  of 
strongly  built  suction-dredge,  provided  with  a  good  type  of  rock 
cutter,  -which  can  do  very  eflicient  work  in  material  often  excavated 
with  a  dipper-dredge  or  some  other  type.  Modern  high-powered 
suction-dredges  with  booster  pumps  in  the  pipe  line  have  been  used 
to  pump  to  distances  of  20  000  ft.,  or  nearl.v  4  miles,  and  the  modern  • 
design  of  dredging  imnii)s,  witli  from  1  200  to  1  500  h.  p.,  are  capable 
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Mr.  of  pumping  through  very  long  pipe  lines,  ranging  from  4  000  to  7  000 
ft.,  without  hoosters;  and  to  pump  to  very  much  greater  heights  than 
was  believed  possible  a  few  years  ago.  In  one  recent  case,  the  speaker 
delivered  material  with  a  pump  of  this  type  to  a  distance  of  about 
4  500  ft.  on  a  lift  of  45  ft.,  the  material  being  heavj'  sand  with  some 
clay.  The  places  where  dipper-dredges  of  very  large  size,  or  dredges 
of  any  type  of  large  size,  can  be  used  economically  are  comparatively 
few,  and  the  engineer  must  make  sure  of  all  his  conditions  before 
deciding  on  the  type,  or  he  must  leave  it  to  a  contractor  of  great 
experience  to  select  the  kind  of  plant  and  let  him  take  his  own 
chances. 
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algebraic  relations  and  formulas  of  this  interesting  and  well-arranged 
paper  have  been  verified  by  the  writer.  In  the  derivation  of  Formula 
(B),  however,  it  would  seem  that  a  special  assumption  is  necessary, 
which  is  not  mentioned  in  the  paper.  Without  this  assumption,  the 
writer's  analysis  leads  to  an  expression  differing  from  the  author's 
in  a  numerical  coefficient,  simply,  involving  a  discrepancy  of  about 
10  per  cent. 

As    of    some    possible   interest,    the    writer    herewith   presents    his 
analysis  in  the  case  of  Formula  (R). 

As  the  calculus  is  to  be  used,  it  will  be  necessary  to  supplement 
and  modify  the  author's  notation  somewhat,  as  follows : 

Let  t  denote  the  time  at  any  instant  from  the  beginning  of  the 

(upward)  motion  of  the  water  surface  in  the  air  tank; 
Let  T  (and  not  t)  denote  the  time  for  the  pressure  in  the  air  tank 

to  change  from  p^  to  p^ ; 
Let  p  be  the  air  pressure  (in  feet  of  water),  in  the  tank  at  any  time; 
(and  other  notation  as  required). 

The  case  of  load  throwii  off,  only,  will  be  treated;  air  compressed. 
From  Assumption  1,  we  have: 

(I  p 

=  C  (a  constant) 

d  t  ^ 

•  ThiH  discussion  (of  the  paper  by  Minton  M.  Warren,  Assoc.  M.  Am.  Soc.  C.  E., 
published  in  August,  1917,  Proceedings,  but  not  presented  at  any  meeting  of  the 
Society),  is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought 
before  all  members  for  further  discussion. 

t  Ithaca,  N.  Y. 

%  Received  by  the  Secretary,  September  10th,   1917. 
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Mr.     and,  therefore, 
Church.  I     /-(/  J  /'1\ 

P  =  Pi  +  C*    ^ (1) 

As  Assumption  2  is  not  made,  we  have  the  relation, 

A^  =  nir-V,) (2) 

a  t 

and,  from  Assumption  3  (that  is,  y  is  zero  compared  with  p), 

Wa.~  .  ^  =  -(p-p^)Wa (3) 

y       d  t 

Substituting  in  Equation  (3)  the  value  of  p  from  Equation  (1), 
there  is  obtained, 

—  .  d  r  =  —  Ctdt (4) 

(J 

in  which  the  variables  v  and  t  are  separated. 

By  integrating  Equation   (4)  between  the  limits  v  and   V^  for  v, 

.   .  .  L 

and  t  and  zero  for  t,  we  find,  after  transposition  and  division  by — , 

'•-'.-^•4 -^> 

which  gives  v  as  a  function  of  t  at  any  instant. 

Now,  insert  in  Equation  (-2)  the  value  of  v  from  Equation  (5), 
whence, 

A  .  d  y  =  a  0\  —  F,)  .  dt --^  .fdt (6) 

where  the  variables  y  and  t  are  separated. 

The  integration  of  Equation  (6),  with  limits  of  y  and  zero  for  y, 
and  t  and  zero  for  t,  leads  to, 

y  =  ^o\-y.)  '-inrr-'^ <^) 

that  is,  7/  as  a  function  of  t. 

We  are  now  ready  to  find  a  relation  between  Y  (that  is,  maximum 
//)  and  the  corresponding  time,  T,  as  follows: 

Substituting  Y  for  y,  and  T  for  t,  in  Equation  (7),  we  have,  after 
re-arranging  the  terms. 

With   Fg  fo^  ^'^  ^ii<i  ^  foj"  ^^  ^^  Equation   (5),  however,  we  find, 

C"  q  T^ 
Vx  -V2 -j;-  =  ^^ero (9) 


Y 
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and,  ooii>(yiuriitl.v,  Eiiuation  (S)  becomes,  Mr. 

rM  /T>3  Church. 

^■  =  -TXir ('"> 

The  constant,  C",  is  now  obtained  by  substituting  p^  for  p,  and  T 
t,  in  Equal 
gives,  linally, 


for  t,  in  Equation  (1),  that  is,  C   =     "^  rp      i  which,   in   Equation   (10), 


y^"inp.-v.)r' 

i  A  L 

that  is. 

T=    V3j^4^^.... W 

\rtgr  (p^— 2?,) 

instead  of  the  author's  Formula  {R),  the  hitter  differing  from  FormuhT 
(/?'),  however,  only  in  having  —   instead  of  v  3  ;  that  is  l.oTOS  instead 

of  1.732,  a  discrepancy  of  about  10  per  cent. 

The  writer  was  then  led  to  seek  the  derivation  of  Formula   (72) 

Tt  .  . 

on    other   lines,   by    noting  tliat    tlie    factor,    -— ,  was  suggestive   ot   a 

harmonic  motion;  and,  accordingly,  he  started  again  with  the  assump- 
tion* that  the  motion  of  the  water  surface  in  the  tank  is  harmonic, 
the  initial  point  of  this  motion  being  the  mid-point  of  a  harmonic 
oscillation,  so  that  the  time  from  the  start  to  the  highest  point 
would  be. 


-Isl^- 


(12) 


where  C"  is  the  constant,  the  product  of  which  by  the  distance  (this 
product  being  taken  with  a  negative  sign),  gives  the  acceleration,  a', 
of  the  motion  at  any  instant,  namely, 

a'  =  —  C"  y (13) 

Now  a'  =  2  >  '^'1  expression  for  which  may  be  obtained  by  dit- 

ferentiating  the  two  members  of  Equation  (2)  with  respect  to  t; 
whence, 

d^y  d  V 

d  V 
in  wliich,  if  the  value  of  — —  from  Equation  (3)  be  inserted,  there  results, 

«'=-^(i>--P,) (15 

*  This  takes  the  place  of  Assumption   1. 


^.^=a.4f (14) 


1872  DISCUSSIOX  ON  AIR  TANKS  ON  PIPE  LINES  [Papers. 

Mr.     or,  for  the  highest  point, 

Church. 

«'2  =  -j-''l^p^-p^^ ^^^'^ 

From  Equation  (13),  however,  we  also  have  for  the  highest  point, 

a\_  =  —  C"  Y (17) 

and  the  equating  of  these  two  values  gives, 

^„        a  9       (P2—lh)  ^q^ 

^    ^Zi-  Y^ ^^^^ 

the  insertion  of  which  in  the  expression  for  T  in  Equation  (12)  leads 
to  the  author's  Formula  (R),  namely, 

TT     I      LAY 

2\lag(p,-p,) 

It  is  to  be  noted  that  the  "harmonic"  assumption  just  used,  to 
take  the  place  of  the  author's  Assumption  1,  simply  consists  in  making 
P  —  Pi  proportional  to  the  distance,  j/,  instead  of  to  the  time,  t;  that 
is,  in  assuming  the  pressure  in  the  tank  to  rise  at  a  constant  distance- 
rate,  instead  of  at  a  constant  time-rate.  This  is  indicated  by  the 
fact  that,  from  Equation  (15),  p  —  p^  is  proportional  to  the  accelera- 
tion, a',  of  the  motion  of  the  surface  of  the  water  in  the  tank,  and  that, 
by  Equation  (13),  this  acceleration  is  assumed  to  be  proportional  to 
the  distance,  p  (and  of  contrary  sign),  which  is  a  characteristic  prop- 
erty of  harmonic  motion. 
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L.  J.  MENscii,t  M.  Am.  Soc.  C.  E.  (by  letter) 4— The  Final  Report  Mr. 
of  the  Special  Committee  on  Concrete  and  Reinforced  Concrete  con-  ®°^*^ 
tains  a  great  many  excellent  features,  and,  for  its  great  devotion  to 
the  task  allotted  to  it,  the  Committee  deserves  the  thanks  of  the  Society 
and  of  the  general  public,  as  all  will  benefit  by  its  labors.  It  is  to  be 
regretted  that  sufiicient  funds  were  not  at  the  command  of  the  Com- 
mittee so  that  it  could  have  proceeded  on  the  same  scientific  and 
practical  lines  as  the  French  Committee  in  1902  to  1905,  or  the  German 
Committee  from  1908  to  1915,  or  some  other  committees,  the  Special 
Committee  of  this  Society  on  Steel  Colunms  and  Struts,  for  example. 

It  seems  thai  the  Committee  considered  the  tests  made  in  various 
American  colleges  sufficient  for  the  establishment  of  its  rules.  It 
nearly  neglected  the  work  of  the  French  and  German  Committees, 
which  solved  many  mooted  questions.  It  was  not  unreasonable  to 
expect  that  the  Committee  would  have  consulted  these  reports  and 
would  have  made  at  least  some  new  tests,  in  order  to  solve  points 
left  untouched  by  the  others. 

A  great  many  of  the  Committee's  rules  do  not  contain  any  more 
information  than  may  be  found  in  the  French  report  of  1905,  and 
yet  a  great  many  more  facts  were  known  in  1916  than  in  1905,  and 

•  Continued   from   September,    1917,    Proceedings. 
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Mr.  would  have  permitted  making-  more  definite  statements.  Take,  for 
.  ^.^ample,  the  paragraijh,  "Freezing-  Weather."  Tests  covdd  have  been 
easily  made,  or  reports  from  practice  obtained,  to  give  some  more 
definite  rules.  It  would  have  been  very  helpful  to  learn  from  the 
report  how  long  to  protect  concrete  in  order  to  make  it  immune 
against  freezing  temperatures  of  various  degrees. 

In  the  chapter  on  "Forms",  there  is  a  very  imfortunate  paragraph, 
beginning,  'Torms  should  be  substantial  and  miyielding."  All  engi- 
neers know  that  lumber  or  steel  deflects,  and  it  would  have  been  more 
proper  to  state  the  stresses  and  deflections  for  which  forms  are  to 
be  designed.  The  writer  has  never  found  that  frozen  concrete  has  a 
clear  ring  under  the  blow  of  the  hammer,  and  the  statement  that  this 
important  test  is  unreliable  ought  to  have  been  accompanied  by  the 
experimental  facts. 

The  Committee  recommends  that,  in  columns,  bars  more  than 
I  in.  in  diameter  should  be  "properly  squared  and  butted  together 
in  suitable  sleeves."  From  the  wording  of  this  rule,  one  does  not 
know  whether  to  face  the  bars  or  merely  hammer  them  square;  neither 
would  one  know  how  long  to  make  the  sleeves.  The  fact  is  that  it  is 
practically  impossible  to  obtain  square  ends  or  to  place  long  bars  on 
top  of  each  other  in  order  to  bring  their  ends  perfectly  in  contact; 
this,  in  practice,  can  only  be  obtained  by  a  layer  of  cement  which  is 
poured  into  the  sleeve  before  the  upper  bar  is  placed  on  the  lower  one, 
and  tests  show  that  a  thin  layer  of  cement  grout  is  sufficient  to  pro- 
duce a  satisfactory  transmission  of  stresses. 

A  great  and  important  advance  for  American  practice  is  the  Com- 
mittee's rule  that  the  span  length  of  continuous  beams  may  be  taken 
as  the  clear  distance  between  faces  of  supports. 

The  assumptions  recommended  as  a  basis  for  calculation  in  Chapter 
VII  are  the  same  as  those  contained  in  the  French  report  of  1905, 
and  will  hinder  the  clear  understanding  of  the  mechanics  of  reinforced 
concrete  for  another  10  years  or  more.  The  Committee  states  that 
it  is  well  aware  that  these  assumptions  are  not  entirely  borne  out  by 
experimental  data,  and  that  they  are  given  in  the  interest  of  simplicity 
and  uniformity.  In  Chapter  X,  working  formulas  based  on  these 
assumptions  may  be  found,  but  engineers  who  are  not  very  much  in 
favor  of  concrete  will  not  find  these  formulas  sufficiently  inviting  for 
the  adoption  of  reinforced  concrete  construction. 

The  writer  is  happy  to  state  that  the  engineers  of  the  building 
departments  of  our  large  cities  have  always  been  extremely  courteous 
to  him,  and  have  never  seen  fit  to  compel  him  to  undergo  the  ordeal 
of  proving  the  safety  of  the  structures  he  has  submitted  to  them  for 
approval  by  solving  any  formulas  like  those  numbered  (6),  (11),  (12), 
(16),  (lY),  and  (19).  Formulas  based  on  the  conditions  prevailing 
at  the  time  of  the  ultimate  load  are  considerably  simpler  and  more 
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corroct,   l)cciiust>  -they   niii-cc   with    i'acts,    while    Fonmihis    ((i)    to    (ID)      Mr. 
:i-ri'c  with  aiicioiit  theory.  Meuscli 

Tlie  writer  wouUl  like  to  know  the  exiieriiiieiital  facts  on  which 
the  rules   for  the  wiihh  of  slahs  in  T-heams  are  based: 

"(«)    It  shall  not  exceed  one-fourtli  of  the  span  length  of  the  beam; 
(&)   Its  overhangiufj:  width  on  either  side  of  the  web  shall  not 
exceed  six  times  the  thickness  of  the  slab." 

The  tests  of  the  French  and  German  Committees  show  that  one  can 
count  on  a  wider  slab  acting  together  with  the  stem. 

Flat  iSlahs. — The  Connnittce's  ruling  on  bending  moment  coeffi- 
cients is  excellent,  but  the  justification  for  it  is  rather  lame.  The 
Committee  maintains  with  John  R.  Nichols,  Assoc.  M.  Am.  Soc.  C.  E., 
that  the  numerical  sum  of  the  positive  and  negative  moments  over 
the  sections  AF  and  GI  of  Fig.  2,  disregarding  the  size  of  the  column 

W  L 

call,  is  iiiven  bv .      Tlie  luaiiv  tests  which  were  made  on  buildings 

designed  with  bending  moments  with  one-half  this  figure,  or  even  less, 
compelled    attention,    and    the    Committee    reduced    this    theoretical 

moment   to    an    average  ol    about  on  account  of  the  large  size 

of  column  caps  and  because, 

"Measurements  of  deformations  in  buildings  under  heavy  load 
indicate  the  presence  of  considerable  tensile  resistance  in  the  concrete, 
and  the  in-esence  of  this  tensile  resistance  acts  to  decrease  the  intensity 
of  the  compressive  stresses." 

There  is  no  reason  whatever  why,  on  these  very  same  grounds,  we 
>hould  not  allow  a  decrease  of  permissible  moment  coefficients  for 
ordinary  slabs,  or  slabs  supported  on  four  sides,  or  even  T-beams 
with  a  small  percentage  of  reinforcement.  The  statement  that  the 
presence  of  tensile  resistance  in  the  concrete  acts  to  decrease  the 
compressive  stresses  cannot  be  correct,  because  tensile  stresses  in  the 
concrete  mean  less  stress  in  the  reinforcing;  therefore,  a  reduction  of 
the  leverage  of  the  centroid  of  tensile  and  compressive  forces,  and, 
for  the  same  bending  moment,  will  act  to  increase,  and  not  to  decrease, 
the  compressive  forces.  If  the  Committee  found  by  extensometer 
readings  that  the  compressive  strains  are  smaller  than  its  theory 
warrants,  then  the  proper  deduction  would  have  been  that  the  theory 
was  wrong  and  that  the  moments  were  actually  smaller. 

In  his  paper*  J\Ir.  John  K.  Nichols  confessed  that  (irashof's  for- 
mulas were  a  mystery  to  him.  and  maintained  that  from  statics  we  are 
compelled    to    assume    the    numerical    sum    of    positive    and    negative 

W  L 

moments  over  one  side  and  one  center  section  as  — - — .     The  writer 

o 

•  Transactions,  Am.   Soc.   C.   E.,   Vol.   LXXVII,   p.   1670. 
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would  like  to  know  whether  the  Committee  thinks  that  the  great 
geniuses,  Poisson,  Saint- Venant,  Grashof,  Fopple,  and  Love,  did 
not  know  statics?  In  the  writings  of  any  of  these  men  will  be  found 
the  following  rules  for  finding  stresses  in  an  elastic  body : 

(1)  Every  particle  of  the  inside  of  the  body  must  be  in  equilibrium. 

(2)  Every  particle  of  the  bounding  surface  must  be  in  equilibrium. 

(3)  There  must  be  a  proper  relation  between  stresses  and  strains. 

(4)  There  must  be  a  proper  relation  between  strain  and  displace- 
ment. 

W  L 

Grashof   derived   his  formula, ,  by   establishing  the   fact  that 

16 

every  particle  of  his  deformed  plate  was  in  equilibrium,  and,  therefore, 

of  course,  the  whole  plate;  but  we  cannot  invert  such  a  proposition 

by  saying  that,  because  the  plate  as  a  whole  is  in  equilibrium,  every 

particle   of  the  plate   must  be   in   equilibrium ;   because   Mr.    Nichols 

and  the  Committee  overlooked  this  important  proposition,  their  formula 

is  wrong.    Professor  H.  E.  J.  Love  clearly  states  in  one  of  his  papers: 

"If  by  any  intuition  we  obtain  the  stresses  in  an  elastic  body,  they 
must  fulfill  the  above  conditions,  and  great  errors  were  made  by 
neglecting  to  check  the  results  with  above  conditions." 

It  seems  that  nobody  has  yet  had  the  intuition  to  prove  in  a  simple 
way  how  the  stresses  in  a  flat  slab  can  be  ascertained,  but  the  writer 


•^1  te5 

V//////////////\ 
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Fig.  20. 

will  endeavor  to  show  by  a  few  propositions  the  absurdity  of  the  indis- 
criminate application  of  statics  (which  apply  only  to  an  absolutely 
rigid  body  or  to  a  body  affected  by  such  small  forces  that  the  strains 
and  stresses  are  practically  nil,  and  in  which  it  does  not  make  any  dif- 
ference whether  we  make  an  error  of  2  or  more)  to  an  elastic  body. 

(i). — Fig.   20   is  a  plan  of  a  nvunber  of  freely  supported  girders 
connected  by  slabs  and  uniformly  loaded  by  w  per  sq.  ft.     According 

to  statics,  the  moment  in  Section  HT  is  — —  ,   and  the  numerical  sum 
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of   tlif   positive   ami    lu'jjfative    iiioiiicnts   at  AB  and    ^ViV  tMiuals   -,      Mr. 

S        Mensch. 

where   /)   is   tlie  distance  of  the  {jrirders.     Assume  now  that  the  slab 
between  the  i^irders  is  very  thick  in  comparison  with  the  girder;  accord- 

w  I)^ 

mir  to  statics,  the  value,  — ^— ,  is  still  in  force,  but  if  the  slal)  is  strong 

eudnji-h  to  carry  the  lond  in  tlio  direction  of  L,  we  can,  without  fear. 


L 
4i 


—-r  Infection 
/  I  ,  Lines 


Fig.  21. 

cut  the  slab  at  AB  or  MN,  or  in  as  many  places  in  the  direction  of 

L  as   we  please,  and  equilibrium  will  exist  and  the  moments  of  — ;— 

will  vani.sh,  even  .if  D  is  very  much  longer  or  very  much  shorter  than 
L.  Hence  we  can  make  a  static  moment  disappear  without  contraven- 
ing any  laws  of  Nature. 

{2). — Take  the  example  mentioned  by  Dr.  Eddy  in  his  discussion 
of  flat  slabs,*  namely,  a  steel  plate  of  infinite  extent  resting  on  rows 
of  equidistant  separate  supports,  arranged  in  corners  of  squares,  and 
loaded  in  the  center  of  the  squares  bv  equal  concentrated  loads,  P. 
(Fig.  21.) 

On  account  of  the  perfectly  symmetrical  manner  of  loading,  the 
inflection  lines  must  be  half  way  between  the  supports  and  the  panel 

♦  Proceedings,   Ara.   Soc.  C.   E..   May,   1917. 
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Mr.      centers.     For  example,  a  square,  1,  2,  3,  4,  if  cut  out  of  the  plate,  may 

Mensch.  _ 

be  considered  to  be  affected  by  shears  on  all  four  sides,  each  equal  — , 

and  by  a  concentrated  load,  P,  acting  upward  at  the  center.  The 
shears  at  each  side  are  not  distributed  uniformly,  but,  assuming-  for 
a  moment  that  they  are  equally  distributed,  then,  according  to  statics, 

,,  ,       P  i  P  1  L 

the  moment  about  mn  would  be  -—-    X  — —   +  2  X  —    X  -r-   X   — 

4  4  8  2  4 

=:  ^ —  P   L.     If  now  we  make  the  further  assumption  that  the  plate, 

1,  2,  3,  4,  consists  of  two  plates,  each  of  half  the  thickness  of  the  original 
plate,  and  that  on  one  plate  are  acting  the  shears,  1,  2  and  3,  4,  and  on 
the  other  one  the  shears,  1,  3  and  2,  4,  the  moment  about  a  line  through 

P  L 

0  for  each  plate  becomes  - — ~.    Will  anybody  dare  to  say  that  by  welding 

PL 

the  plates  together  the  moment  -—^  will  become  greater  ? 

The    same    line    of    reasoning 
could   be    applied   to    a    flat   plate  I  I  ti-?' 

loaded  with  a  uniform  load.  The 
lines  of  inflection  in  this  case  will 
be  nearer  the  support,  but  again  we 
will  find  a  smaller  moment  about 
mn  in  the  case  of  two  plates  than 
in  that  of  one  plate  and,  in  order 
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a 


Fig.   2i 
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to  obtain  the  moment  of  — ; — ,  we 

8 

have  had  to  make  the  assertion  that 
two  plates  are  stronger  than  one 
plate  of  twice  the  thickness. 

(S). — Fig.  22  is  taken  from 
Bulletin  No.  67  of  the  University 
of   Illinois,    "Reinforced    Concrete 

Wall  Footings  and  Column  Footings",  by  A.  N..  Talbot,  M.  Am. 
Soc.  C.  E.  This  figure  and  the  accompanying  reasoning  were  evi- 
dently made  after  the  results  of  all  the  tests  were  known,  and  Pro- 
fessor Talbot  concluded  that  the  best  agreement  with  the  tests  can 
be  obtained  by  assuming  that  one-fourth  of  the  load  (not  one-half) 
is  assumed  to  be  acting  in  each  direction.  His  intuition  in 
this  case  was  guided  by  a  great  number  of  tests;   and  the  moment, 

W  L 

derived  from  the   assumption   illustrated   in  Fig.   22,   averagnig  , 

1  o 

is  exactly  the  same  as  that  proposed  hy  the  Committee  for  flat  slabs. 
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(4). — The  Cuiiiniittot-'  was  cxtremoly  careful  iii  most  of  its  recom-      Mr. 
nu'udations,  and  was  always  aware  that  any  ruliiiff  it  made  nmst  be  ' 
made  for  average  workmanship  only;   it  was  aware  that  only  rarely 
is   the  desie:ner   the  superintendent  of  construction    (which  ought  to 
lie  the  case),  aiil   if  this  conservative  Committee  allowed  the  sum  of 

tlu>  muiiiciits  ill  ilat  slal>s  to  he  taken  as instead  of in  beams 

or   slalis.   the   numerical  sum  of  the  theoretical  moments  at  one  side 

and  one  center  of  one  panel,  for  this  reason  alone,  must  be rather 

ir  L 

tlian . 

8 

(J). — It  would  have  been  more  appropriate  to  point  out  the  error 
ill  the  books  of  Grashof,  Fopple,  or  Lanza,  than  to  lean  on  the  tensile 
.^tresses  of  the  concrete. 

It  is  to  be  hoped  that  very  soon  i)ro]i(>r  tests  will  be  made,  proving 
that  the  so-called  pimching  shear  (which  means  shear  near  a  support 
in  a  continuous  structure)  is  not  as  dangerous  as  the  ordinary  shear 
in  a  simple  beam,  and  that  the  ruling  of  the  Committee  allowing  a 
slu'aring  stress  25%  higher  than  in  a  simple  beam  is  correct. 

The  Committee  advises  that  special  attention  be  given  to  wall 
columns  and  corner  columns,  because  the  unequalized  negative  moment 
will  be  transmitted  to  the  columns.  Many  engineers  would  have  been 
very  thankful  if  some  rule  had  been  given  showing  how  to  estimate 
such  moments.  The  writer  gave  a  very  simple  formula  for  these 
moments  in  his  discussion*  of  Mr.  Nichols'  paper. 

Floor  Slabs  Supported  Along  Four  Sides. — The  same  liberal  views 
shown  in  the  case  of  ordinary  flat  slabs  do  not  seem  to  have  prevailed 
in  the  ruling  on  floors  of  this  type.  As  previously  mentioned,  the 
tensile  stresses  in  the  concrete  are  just  as  effective  in  this  case  as  in 
tliat  of  tlie  flat  slab  on  four  columns,  yet  the  Committee  retained 
the  ruling  which  originally  was  copied  in  the  United  States  from 
German  sources   (where  they  did  not  believe  in  their  own  prophets), 

W  L 

that  a   square  slab  shall  l)e    figured  in  the  center  according  to  , 

W  L         W  L 

,  or  ,  according  to  wliether  the  slab  is  a  simple  slab,  i^artlv  or 

20  24  1        - 

entirely  fixed  at  the  ends. 

The  ruling  of  the  French  Committee,  based  on  tests  of  large  slabs 

^V  L   W  L        ,    W  L     ^  ^    . 

to  destruction,  gives  the  moments  of  ,  - .  „   ,  and    -       ,    L  being  the 

clear  span  of  the  slab.  The  Special  Committee's  meaning  of  the 
span — whether  the  clear  span  or  the  span  from  center  to  center  of 
beams — is  left  indefinite  in  this  case.     The  Committee  evidently  did 

•  Transactions,  Am.   Soc.   C.    E.,   Vol.   LXXVII,    p.    1682. 
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Mr.  not  consult  the  tests  to  destruction  on  such  slabs  made  by  Professor 
Mensch.  j^jj^]^  qj^  behalf  of  the  German  Committee  and  others,  or  it  would 
not  have  limited  their  use  to  cases  where  the  length  did  not  exceed 
one  and  one-half  times  the  width.  There  are  a  number  of  tests  on 
record  where  slabs  of  a  length  of  two  and  one-half  times  the  width 
showed  an  immense  increase  of  strength  over  a  slab  supported  only 
on  the  long  sides. 

The  Committee's  ruling  is  in  full  accordance  with  the  building 
codes  of  nearly  all  large  cities  in  the  United  States,  and  this  unfavor- 
able ruling  tempts  many  designers  to  use  flat  slabs  where  they  should 
not  be  used.  The  writer  wishes  to  refer  to  concrete  buildings  from 
two  to  five  stories  in  height,  where,  by  the  use  of  flat  slabs,  the  stability 
of  brick  walls  is  endangered,  or  where,  instead  of  the  more  economical 
brick  walls,  a  skeleton  construction  is  used  in  order  to  take  care  of 
the  negative  moments  of  the  flat  slabs  in  the  outside  panels.  A  more 
liberal  ruling  for  slabs  supported  on  four  sides  is  urgently  needed. 

The  chapters  on  diagonal  tension,  shear,  and  bond  do  not  lay 
enough  emphasis  on  the  great  importance  of  hooks  at  the  ends  of 
bars.  Too  much  reliance  is  placed  on  the  now  nearly  general  use 
of  deformed  bars.  The  German  Committee  had  tests  made  on  about 
100  beams,  all  of  the  same  size,  reinforced  with  the  same  percentage 
of  steel,  and  all  designed  for  the  special  purpose  of  finding  the  influence 
of  hooks  when  only  straight  bars  were  used  or  when  one-half  or  more 
of  the  bars  were  bent  up,  and  in  parallel  series  with  and  without 
stirrups.  In  this  long  series,  not  one  beam  can  be  cited  where  the 
omission  of  hooks  did  not  show  a  marked  reduction  of  the  ultimate 
load  over  bars  with  large  hooks.  Where  hooks  were  omitted  in  one- 
quarter  of  the  bars,  the  drop  was  about  10%,  where  one-half  of  the 
bars  were  without  hooks,  the  drop  was  about  20%,  and  where  all  the 
bars  were  without  hooks,  the  drop  was  50%  and  more.  This  impor- 
tance of  hooks  in  simple  beams  is  greatly  under-estimated  in  the  United 
States,  and  wrong  conclusions  are  often  drawn  from  tests,  because 
the  great  influence  of  hooks  is  overlooked. 

Professor  Moersch  made  tests  on  beams  reinforced  with  deformed 
bars  without  hooks,  and  found  the  drop  the  same  as  with  plain 
bars  without  hooks.  The  great  importance  of  hooks  is  also  shown  in 
the  tests  made  by  Professor  Talbot  on  wall  and  column  footings.  In 
the  face  of  these  facts,  the  paragraph:  "As  an  additional  safeguard, 
end  anchorage  may  properly  be  used  in  special  cases"  and  "anchorage 
of  longitudinal  bars  at  the  ends  of  beams  is  advantageous,"  will  not 
impress  on  the  reader  the  importance  of  the  subject. 

It  probably  is  a  surprise  to  many  engineers  that  the  Committee 
advises  the  use  of  only  two-thirds  of  the  external  shear  in  making 
calculations  for  the  web  reinforcing,  yet  this  ruling  is  good  engineering, 
and  may  be  accounted  for  by  the  following  consideration :  A  concrete 
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beam  lias  a  considerable  arch  action,  and  may  be  considered  to  be  a     Mr. 
combination   of  truss   systems  like   tbose   shown   in   Figs.   23,   24,    25,     ^"^  ' 
and  2G. 

In  a  plain  concrete  beam,  the  truss  system,  A,  will  carry  the  same 
load  as  System  B,  for  the  reason  that  the  width  of  the  bands, 
a  and  h,  is  probably  very  much  greater  than  in  the  center  of  the  beam, 
hence  the  stresses  are  very  low  and  the  strains  in  compression  are 
the  same  as  in  tension. 


^J3 
Fig.  23. 


Fig.  24. 
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Fig.  25. 
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Fig.  26. 

In  a  concrete  beam  with  a  low  percentage  of  straight  bars  only, 
without  stirrups  (Fig.  23),  the  truss  System  A  will  carry  a  great  deal 
more  than  System  B,  because  the  stresses  in  a  and  h  are  now  very 
much  higher,  and  &  in  tension  is  weaker  than  a  in  compression.  In 
order  that  System  A  shall  be  effective,  there  must  be  a  good  connection 
between  a  and  the  horizontal  reinforcement.  This  connection  is  gen- 
erally furnished  by  the  bond  of  the  concrete  to  the  steel  rods,  and 
when  this  bond  is  partly  overcome.  System  B  will  take  up  a  larger 
load  until  the  stresses  in  &  cause  the  concrete  to  crack,  when  System  A 
will  gradually  take  up  the  entire  load. 

At  this  time,  practically  the  entire  horizontal  component  of  the 
force  in  a  must  be  taken  up  by  the  reinforcement  near  the  support. 
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Mr.  The  vertical  component  of  a  will  have  a  tendency  to  bend  the  rein- 
forcement, even  to  push  it  out  of  the  concrete,  and  to  strain  the 
concrete  in  tension  in  a  horizontal  direction.  In  fact,  many  tests 
show  horizontal  cracks  near  the  steel  rods,  which  cracks  will  weaken 
the  bond,  and  the  connection  between  a  and  the  steel  rods  will  have  to 
rely  on  the  bond  beyond  the  supports.  Only  rarely  are  freely  supported 
girders  extended  out  a  sufficient  length  beyond  the  supports  to  form 
this  connection,  and  the  importance  of  hooks  at  the  ends  of  the  bars 
may  now  be  seen  clearly.  Some  of  the  tests  of  the  German  Committee 
seem  to  indicate  that  a  large  round  hook  in  a  1-in.  round  bar  is  suffi- 
cient for  an  anchorage  of  13  000  lb. 

Where  the  shear  in  a  concrete  beam  is  low,  the  trusses  will  have 
a  shape  like  that  shoAvn  in  Fig.  24.  In  this  case,  the  diagonals,  a 
and  &  are  much  steeper,  and  will  require  less  bond  than  those  in  Fig.  23. 
The  truss  systems  will  be  in  action  as  long  as  the  stresses,  h  and  V, 
are  below  the  ultimate  tensile  strength  of  the  concrete. 

Beams  are  generally  tested  with  concentrated  loads,  and  vfertical 
cracks  in  the  concrete  will  appear  near  the  points  of  application  of 
the  loads,  which  will  diminish  the  effective  area  for  the  diagonals,  h, 
and  the  diagonal  cracks  will  generally  start  at  the  end  of  a  vertical 
crack.  This  behavior  of  concrete  beams,  reinforced  with  straight 
rods,  and  with  a  low  end  shear,  is  beautifully  illustrated  in  the  photo- 
graphs, 22  to  28,  Technologic  Paper  No.  2,  of  the  IT.  S.  Bureau  of 
Standards. 

When  stirrups  are  used,  the  action  of  h  and  V  is  not  limited  any 
more  to  the  tensile  strength  of  the  concrete  alone,  but  the  action  of  V 
is  limited  by  the  connection  between  a  and  V .  The  stirrups  partly  take 
up  the  stresses  in  V  and,  by  components,  the  stresses  in  h.  Hooks  at 
the  ends  of  stirrups,  when  the  latter  are  highly  strained,  are  just  as 
important  as  in  the  case  of  horizontal  bars,  and  a  great  number  of 
small  stirrups  will  be  more  effective  than  a  few  large  stirrups.  Systems 
A  and  B  can  be  replaced  by  a  number  of  systems,  in  order  to  make 
all  stirrups  effective,  but  the  final  result  can  be  better  understood  by 
assuming  only  one  System  A  and  one  System  B  as  acting.  Because 
the  horizontal  component  of  a  in  Fig.  24  is  smaller  than  that  in  Fig. 
23,  the  bond  stresses  will  be  smaller,  but,  as  a  rule,  even  a  great  many 
stirrups  will  not  suffice  to  allow  the  omission  of  the  hooks  at  the  ends 
of  the  horizontal  bars. 

Where  bent-up  bars  are  used,  the  main  systems,  A  and  B,  will  have 
about  the  shape  shown  in  Fig.  25.  The  forces  in  the  diagonals  will  be 
limited  again  by  the  bond  at  the  upper  ends  of  the  bent-up  bars  just 
as  a  is  limited  by  the  bond  at  the  ends  of  the  horizontal  bars.  It  may 
be  noticed  that  the  second  bent-up  bar  from  the  support  is  in  common 
for  both  systems  A  and  B,  which  explains  the  fact  that  diagonal  cracks 
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fi-(Mi(M'ally  appear  -first  qiiiU'  a  distance  from  tlie  support.  Stirrups  will  Mr. 
be  helpful,  especially  in  the  i)art  where  the  beut-up  bars  are  omitted,  '  *""''''"'■ 
or  near  the  supports,  in  order  to  prevent  the  weakening  of  the  bond 
of  the  horizontal  bars.  Tn  a  woll-designcd  beam,  truss  systems  A  and 
B  will  be  equally  effective,  and  each  system  will  take  up  half  the 
shear,  but,  evidently  on  account  of  the  indeterminate  action  of  the 
trusses,  the  Connnittee  decided  on  the  rule  to  use  two-thirds  of  the 
external  shear  for  the  calculation  of  shear  members.  That  a  graphical 
solution  of  stresses  in  shear  members  will  be  more  correct  than  For- 
mulas (22)  to  (27),  is  evident  from  the  foregoing.  Inasmuch  as  hooks 
play  such  a  large  role  in  the  eifectiveness  of  reinforcement,  proper 
tests  in  this  direction  ought  to  be  made  at  an  early  opportunity. 

In  Chapter  VIII,  the  writer  finds  a  great  advance  in  the  ruling  to 
allow  35%  of  the  compressive  strength  in  bearing,  where  the  surface 
of  the  concrete  is  twice  the  loaded  area. 

Tlie  column  ruling,  although  liberal  and  in  full  agreement  with 
tests,  is  not  broad  enough  for  all  practical  applications.  The  Commit- 
tee should  not  have  placed  the  lower  limit  of  spiral  reinforcement  as 
1%;  it  should  have  been  placed  at  i%,  and  it  should  have  allowed  a 
higher  upper  limit,  and  given  proper  working  formulas  for  these  cases. 

The  writer  is  greatly  surprised  that  this  conservative  Committee 
allows  a  stress  of  16  000  lb.  per  sq.  in.  on  mild  reinforcing,  without 
specifying  that  it  should  apply  only  to  properly  twisted  bars,  or  other- 
wise to  state,  like  the  French  Committee,  that  this  ruling  is  on  account 
of  the  demand  of  practice  (high-carbon  steel  bars  are  not  a  commercial 
article  in  France),  and  that  it  really  results  in  a  factor  of  safety  of 
considerably  less  than  3  with  the  best  of  workmanship,  '^o  mention 
is  made  of  the  use  of  high-carbon  steel  bars,  and  it  can  be  stated  posi- 
tively that  the  commercial  high-carbon  steel  bars  (even  re-rolled  bars) 
can  be  stressed  to  26  000  lb.  per  sq.  in.  to  give  the  same  strength  in  a 
reinforced  concrete  beam  as  mild  steel  bars  stressed  to  16  000  lb.  per 
sq.  in. 

No  ruling  wliidi  the  Connnittee  has  made  is  so  discordant  with  gen- 
eral practice  and  will  be  so  generally  disregarded  as  the  deliberate 
omission  of  high-carbon  steel  bars,  and  it  positively  damages  the  indus- 
try. The  writer  is  well  aware  that  structural  steel  designers  with  little 
experience  in  reinforced  concrete  are  all  in  favor  of  the  Committee's 
ruling. 

The  ruling  in  regard  to  the  various  values  of  n  in  Paragraph  8, 
Chapter  VIII,  only  confuses  the  student.  It  was  originally  proposed 
by  the  French  Committee  for  the  use  of  column  reinforcing,  but  it 
would  have  been  very  much  simpler  to  recommend  to  calculate  with  ' 
an  ultimate  resistance  of  the  steel  rods  of,  say,  30  000  lb.  per  sq.  in., 
which  is,  in  fact,  all  that  the  various  values  of  n  result  in. 
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G.  S.  Bergendahl,*  M.  Am.  Soc.  C.  E.  (by  letter). f— I"  the  dis- 
cussion:}: of  Professor  Eddy's  discussion§  by  F.  E.  Turneaure,  M.  Am. 
Soc.  C.  E.,  it  appears  that  Mr.  Turneaure  has  not  properly  treated 
the  shear  in  a  flat  plate  floor.  For  example,  in  Fig.  12,  he  treats  the 
shear  on  the  column  faces,  C-B  and  D-E,  as  entering  into  the  moment 
about  J-K.  Moment  is  a  directed  quantity,  and  shear  enters  into 
the  production  of  moment  only  as  it  is  normal  thereto.  When  parallel 
thereto,  it  does  not  enter  into  the  moment  under  consideration.  There- 
fore, Mr.  Turneaure  has  incorrectly  taken  twice  the  shear  that  actually 
operates  in  producing  a  moment  normal  to  the  line,  J-K,  and  is  in 
error  in  his  criticism  of  Professor  Eddy  for  that  reason.  This  is 
elementary.  Professor  Talbot  likewise  appears  to  misunderstand  this 
simple  relation. 

The  Committee  has  correctly  recognized  this  principle  in  its  treat- 
ment of  the  square  slab  supported  on  beams  on  four  sides  in  its  divi- 
sion of  the  moment  between  the  two  directions,  and  it  seems  only 
thoughtlessness  to  have  failed  to  follow  the  same  correct  principle 
in  treating  the  shears  on  planes  at  right  angles  to  each  other,  when 
the  slab  is  supported  on  columns  at  the  four  corners  instead  of  on 
beams  at  the  four  sides. 

The  report  requires  twice  as  much  steel  as  that  necessary  to 
develop  the  strength  of  the  concrete  in  flat  slab  construction.  There- 
fore, 50%  of  the  steel  which  the  Committee's  rule  requires  to  be  em- 
bedded, is  wasted.  It  is  strange  that,  with  all  the  facilities  this  Com- 
mittee has  had  at  its  disposal,  it  has  not  determined  the  relation  of 
the  quantity  of  steel  that  is  required  to  balance  and  develop  the  full 
strength  of  the  concrete  in  this  type  of  construction.  Any  information 
which  furnishes  grounds  for  rational  economy  in  engineering  struc- 
tixres  should,  as  Professor  Talbot  says,  be  welcome,  even  if  it  requires 
the  frank  admission  of  erroneous  assumptions  on  the  part  of  some  of 
our  members. 

After  building  and  testing  flat  slab  floors  for  the  past  nine  years, 
the  writer  has  some  very  definite  and  exact  information  as  to  the 
deportment  of  structures  of  this  kind  in  regard  to  which  it  would  seem 
the  Committee  was  entirely  lacking,  in  view  of  the  nature  of  its  report. 
The  advantages  of  this  kind  of  construction  can  only  be  secured  by 
the  relatively  close  spacing  of  the  slab  rods.  Those  who  have  failed 
to  carry  out  their  construction  with  due  consideration  of  this  feature 
have  secured  results  in  keeping  with  beam  action  rather  than  the 
advantages  of  imitation  of  plate  action. 

The  thing  which  is  most  striking  about  the  Eddy  theory  is  that 
by  it  one  can,  in  a  properly  designed  flat  slab,  actually  predict  and 
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compute    in    advance    the    deflections    that    will    be    measured    under     Mr. 
load  and   tlie  stresses  that  will  be  found  in  the  steel.     Substantial  ^fiafil" 
agreement  of  theory  with  ascertained  fact  may  appear  of  no  weight 
to  Professor  Talbot  and  cortnin  members  of  the  Joint  Committee,  but 
it  is  regarded  by  the  practical  engineer  as  the  only  criterion  on  which 
sound  judgment  can  safely  be  founded. 

E.  S.  Martin,*  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). f — There  are    Mr. 
some  recommendations  in  the  report  which  merit  critical  consideration.     ^^  '°' 

Under  the  head  of  "Floor  Slabs  Supix)rted  Along  Four  Sides",  it 
provides  that  the  reinforcement  over  the  outer  quarter  slab  widths 
may  be  one-half  of  that  in  the  middle  belt.  This  is  a  distribution 
which  the  writer  has  used  many  times,  and  believes  to  be  conservative 
and  well  founded,  but  he  fails  to  see  any  reason  for  using  more 
reinforcement  in  the  middle  belt  when  the  outer  belts  are  reduced 
tlinn  when  uniform  reinforcement  is  provided.  Certainly,  the  relief 
fn)m  flexure  afli^orded  to  the  slab  along  the  supporting  beams  by  these 
beams  does  not  add  to  the  bending  moment  sustained  by  the  middle 
portion  of  the  slab. 

There  is  a  requirement  under  Section  6  of  Chapter  VII,  that  rein- 
forcement at  the  supports  of  continuous  beams  should  extend  beyond 
the  inflection  points  a  sufficient  distance  "to  develop  the  requisite  bond 
strength."  This  sentence,  it  is  believed,  will  not  generally  be  inter- 
preted to  mean  exactly  what  it  says,  but,  on  the  contrary,  will  be  con- 
sidered to  require  that  laps  of  reinforced  rods  shall  be  sufficient 
to  develop  their  full  tensile  strength  at  the  point  of  inflection,  not- 
withstanding that  the  tensile  stress  is  zero  at  this  point.  Nearly 
all  cases  met  in  general  building  work  are  properly  taken  care  of 
when  the  steel  extends  to  the  inflection  points.  For  stubby,  heavy 
beams,  in  which  the  tensile  stress  of  the  continuous  steel  piles  up 
faster  than  the  allowed  bond  provides  for,  the  writer  would  prefer 
using  a  hooked  end  for  anchorage  rather  than  depend  on  tension  being 
developed  in  the  rod  where  it  is  surrounded  by  concrete  in  compression. 

For  "flat  slabs",  it  is  recommended  that  the  capital  slope  be  not 
more  than  45°  with  the  vertical;  also,  that  the  depression  be  four-tenths 
of  the  span  in  width  and  not  more  than  one-half  as  thick  as  the  slab. 
In  a  few  cases  the  writer  has  designed  floors  with  wide  flat  capitals, 
thinking  that  he  had  provided  both  capital  and  depression  in  one  form. 
In  this  design  he  has  assumed  that  the  capital  extended  to  the  point 
where  the  total  concrete  thickness  was  twice  the  slab  thickness. 
Although  this  design  does  not  meet  the  requirements  of  the  report, 
the  writer  is  unconvinced  that  it  is  not  good  engineering  practice — 
that  it  is  not  as  good  as  that  recommended  by  the  Committee.  The 
Committee's  requirements  are  in  danger  of  being  followed  blindly  by 
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those  without  independent  judgment,  and  should  not  contain  unneces- 
sary provisions  limiting  freedom  of  design. 

The  method  of  slab  design  recommended — by  inner  and  outer  belts 
— is  not  the  best  that  can  be  devised,  although  it  has  been  used  with 
different  formulas  in  both  the  Philadelphia  and  Chicago  rulings.  The 
objection  to  this  method  is  the  fact  that  the  critical  moment  and 
stresses  occur  around  the  capital  and  decrease  outward  therefrom. 
To  make  the  belt  method  at  all  workable,  it  is  necessary  to  limit  its 
application  to  designs  having  a  fixed  minimum  ratio  of  capital  diam- 
eter to  span;  otherwise  one  may  find  himself  relying  on  a  belt  of 
cantilever  steel  several  times  as  wide  as  the  capital,  in  which  only 
the  middle  rods  are  really  effective.  A  minimum  limiting  size  of 
capital  interferes  with  freedom  of  design,  and  unnecessarily  so,  because 
good  designs,  without  over-stressing,  may  be  made  without  capitals, 
if  the  slab  is  thick  enough  and  contains  sufficient  steel. 

The  writer  has  made  a  comparison  of  the  results  found  by  applying 
the  Committee's  method  to  several  buildings  on  which  careful  tests 
have  been  conducted.  Detailed  reports  of  these  tests  have  been 
published  in  engineering  journals.*  For  purposes  of  comparison,  it 
is  also  of  interest — and  what  is  more,  necessary — to  examine  the  results 
of  similar  tests  on  beams,  and  beam  and  slab  buildings.  These  figures 
are  given  in  Tables  6  and  7.  The  flat  slab  figures  are  given  in  Table  5. 
Although  the  writer  has  not  presented  as  many  beam  data  as  desir- 
able, those  given  are  sufiicient  for  general  conclusions. 

In  studying  these  figures,  one  should  keep  in  mind  the  vital  differ- 
ences between  the  beam  and  slab  floor  and  the  flat  slab  floor.  A 
glance  at  the  computed  and  measured  stresses  for  the  increasing  loads 
of  Beam  72  (Table  6)  shows  that  the  tensile  value  of  the  concrete 
keeps  the  steel  tension  below  the  computed  values  for  light  loads,  and 
that  the  concrete  effect  dies  out  with  the  heavy  loads,  loads  causing 
measured  stresses  of  from  16  000  to  20  000  lb.  of  unit  tension  in  the 
steel.  The  percentage  of  tension  steel  (1.27)  in  this  case  is  high.  A 
lower  percentage  would  have  sho^\^l  greater  differences  between  com- 
puted and  measured  stresses.  One  can  form  no  conclusions  from  the 
measured  stress  when  this  is  low,  but  when  it  is  high — from  16  000 
to  20  000  lb. — the  elongation  is  such  that  the  concrete  is  broken  up 
and  its  tensile  effect  destroyed.  The  percentage  of  reinforcement 
is  not  of  much  importance  in  such  a  case. 

Now,  in  the  beam  and  slab  floors,  it  is  evident  that  the  entire  slab 
is  effective  in  tension  at  the  supports  of  the  beams  and  girders,  and, 
consequently,  the  percentage  of  reinforcement  (ratio  of  tensile  steel 
to  tensile  concrete)  is  low,  though  the  contrary  is  true  at  the  mid-span 
of  a  beam.  Such  conditions  do  not  exist  in  the  flat  slab,  and  allow- 
ances should  be  made.     For  instance,  at  the  column  capital  of  a  flat 

*  Most  of  them  are  in  the  Bulletins  of  the  University  of  Illinois. 
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TABLE  G. 

I-'rom  BuUftin  ^^6,  University  of  Illinois,  October  5th,  1908,  Page  IG. 

Beam  72.    Percentage  =  1.27 
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Measured. 

Computed. 

Measured. 

Computed. 

Measured. 

Computed. 

1  200 

6  300 

1 

14  700 

17  400 

29  400 

29  800 

2  100 

8  000 

17  700 

19  300 

31  800 

31  400 

3  600 

9  700 

!          20  lOM 

21  400 

36  900 

35  300 

6  000 

11  500 

23  100 

Hi  800 

42  000 

39  300 

7  500 

13  400 

t          25  filtO 

25  300 

47  700 

42  9U0 

10  500 

15  300 

'          27  900 

27  300          ! 

! 

61  200 
108  000 

47  600 
49  600 

TABLE 


ag 


2§ 

as- 


ag- 


a  Q. 


Wenaldkn  Building. 


Stresses,  400  lb.  test. 


Measured. 


Computed. 


Steel 

Concrete 

'' — !' 

Steel 1 

Concrete j 

Steel 

Concrete 

j_ 

Steel i 

Concrete 

Steel 

Concrete 

Steel 

Concrete 


13  000 
2  2C0 


17  000 


16  000 
2  000 


16  000 


11  000 


15  000 


12  months  old. 


44  000 
1  700 


19  000 
420 


36  000 
1  900 


22  000 
440 


69  000 


26  OOC 


Tdrnkr  Cartrr  Building. 


Stresses,  800  lb.  test. 

Measured. 

Computed. 

'"966 

31  000 
1  200 

9  300 
200 

12  500 
300 

7  800 
1  200 

21  500 
1  800 

9  000  (?) 
480  1?) 

18  500 
880 

'i'256 

19  600 
1  200 

10  600 

880 

17  000 
350 

50  days  old. 


Computed  stresses  :  ;  L 


clear  span  -i-  3  in. 


slab  floor,  the  maximum  quantity  of  steel  is  used,  and  the  only  con- 
crete in  tension  is  that  above  the  neutral  axis  of  the  slab  for  the 
circumference  of  the  capital.  The  conditions  as  regards  the  tensile 
value  of  the  concrete  are  similar  to  those  at  the  mid-span  of  a  beam. 
Table  5  shows  that  the  Committee  method  allows  a  liberal  margin 
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Mr.  in  all  cases  over  the  measured  stresses  in  the  reinforcement,  but  no 
marg-in  whatever  for  the  concrete  stress  at  the  capital,  although  the 
latter  is  measured  on  an  8-in.  gauge  line,  beginning  at  the  capital, 
and  is  based  on  a  nominal  value  for  the  modulus  of  elasticity.  In 
the  writer's  opinion,  the  depression  thickness,  in  general,  should  be 
not  less  than  one-half  the  slab  thickness  rather  than  not  more  than 
this,  as  a  limit  which  the  Committee  states. 

Comparison  of  measured  and  computed  stresses  in  the  beam  and 
slab  floors  shows  evident  arching,  as  the  concrete  stresses  at  the  ends 
check  roughly,  and  the  steel  stress  at  mid-span  measures  less  than 
that  computed,  even  at  the  higher  values,  and  the  concrete  in  tension 
is  of  too  small  a  quantity  to  have  much  effect. 

Several  discussions  on  the  report  of  the  Committee  have  already 
been  published  in  the  Proceedings  of  the  Society,  but  these  have  had 
reference  to  the  theoretical  phase.  Although  the  writer  has  much 
respect  for  many  of  the  theories  put  forth  to  explain  the  deportment 
of  a  flat  slab,  he  does  not  consider  that  any  of  them  so  far  advanced — 
not  even  the  Committee's  assumptions — have  been  established  beyond 
question,  so  that  they  may  be  confidently  followed  in  quantitative 
design,  that  is,  to  give  definite  values  of  stresses.  He  feels  much  safer 
when  he  knows  that  stresses  are  conservative,  in  the  light  of  all  the 
measured  stresses  of  the  numerous  careful  tests  that  have  been 
conducted. 

The  writer  questions  the  necessity  of  providing  a  wide  margin 
of  computed  stress  over  the  highest  measured  stress  at  the  capital  edge. 
The  standard  beam  designs  do  not  require  a  material  margin  at  mid- 
span  where  corresponding  conditions  exist.  He  questions  the  necessity 
of  providing  a  margin  of  from  300  to  500%  at  mid-span,  except  when 
the  measured  stresses  are  low,  with  low  percentage.  He  questions 
the  adequacy  of  the  20%  additional  for  outside  panels,  if  the  interior 
panels  are  economically  designed.  Test  measurements  show  that  wall 
panels  have  stresses  from  50  to  100%  greater  than  interior  panels, 
depending  on  the  span  length. 
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llaruld  l*arker,  the  sua  of  George  Alanson  and  Harriet  Newhall 
Felton  Parker,  was  born  in  Cliarlestown,  Mass.,  ou  June  l7th,  1854. 
He  was  a  direct  descendant  of  Captain  Joseph  Parker,  who  settled 
in  Xewbury  in  1(338,  and  of  Nathaniel  Felton,  who  settled  in  Salem 
iu  1033. 

After  receiving-  a  preliminary  conunon  school  education  in  Phila- 
delphia, Pa.,  and  Lancaster,  Mass.,  Mr.  Parker  entered  Phillips  Exeter 
Academy,  from  which  he  was  graduated.  He  then  entered  Harvard 
College,  where  he  continued  his  studies  during  1871  and  1872. 

Leaving  college  for  a  business  career,  he  was  first  employed  in  the 
capacity  of  Foreman  with  the  Pennsylvania  Steel  Company.  In  1874, 
he  returned  to  his  home  town,  Lancaster,  Mass.,  and  became  a  member 
of  the  civil  engineering  firm  of  Parker  and  Bateman,  continuing  as 
such  until  his  death. 

Notwithstanding  the  fact  that  he  was  of  modest  disposition  and 
not  of  the  office-seeking  type,  Mr.  Parker  was  prominent  in  the  political 
affairs  of  Lancaster,  and  was  twice  elected  to  represent  his  district  in 
the  State  Legislature.  His  best  years  in  public  service,  however,  were 
devoted  to  the  work  of  building  up  the  highway  system  of  his  native 
State.  In  1900  he  was  appointed  by  the  Governor  as  a  member  of 
the  ^Eassachusetts  Highway  Commission,  and  on  the  resignation  of 
William  E.  McClintock,  M.  Am.  Soc.  C.  E.,  in  June,  1908,  he  was 
made  Chairman,  which  position  he  held  until  1911,  when  he  resigned 
again  to  devote  his  time  to  other  than  public  ofiice.  His  ability  and 
tireless  industry  added  to  the  good  repute  for  gaining  progress  and 
results  for  which  this  Commission  had  already  become  widely  known. 
The  revolution  in  methods  of  highway  transportation  and  consequent 
revolution  in  methods  of  highway  construction  was  at  its  height  during 
Mr.  Parker's  administration  as  Chairman  of  the  Commission,  and 
many  who  are  continuing  the  work  so  ably  carried  on  by  him,  are 
indebted  to  him  for  his  thought  and  foresight. 

Immediately  following  his  resignation  as  Highway  Connnissioner, 
he  became  Vice-President  of  a  large  contracting  firm,  thus  continuing 
to  devote  his  time  to  road  and  pavement  work. 

•  Memoir  prepared  by  A.  W.  Dean,  M.  Am.  Soc.  C.  E. 
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In  1913  and  1914,  Mr.  Parker  served  the  State  of  New  York  in 
an  advisory  capacity,  being  designated  by  Governor  Dix  as  a  member 
of  the  Advisory  Board  of  the  Highway  Department. 

Being  a  lover  of  nature,  he  spent  his  leisure  in  the  fields  and 
woods,  taking  much  interest  in  the  forests  and  natural  resources  of 
his  neighborhood  and  State,  and  considering  as  a  pleasure  rather  than 
a  duty  his  services  as  Chairman  of  the  Massachusetts  Forestry  Com- 
mission and  of  the  Wachusett  Mountain  Reservation  Commission. 

Indication  of  Mr.  Parker's  recognition  by  others  in  his  chosen 
field  of  effort  is  shown  by  his  selection  as  President  of  the  Massa- 
chusetts Highway  Association  and  of  the  American  Road  Builders* 
Association,  in  both  of  which  societies  he  took  great  interest. 

Mr.  Parker  was  a  man  of  the  sturdy  New  England  type,  of  high 
principles,  and  a  most  true  friend  to  those  who  won  his  friendship. 

He  is  survived  by  his  widow,  Elizabeth  B.  (Bartol)  Parker  (to 
whom  he  was  married  in  1884),  and  by  one  son  and  two  daughters. 

Mr.  Parker  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  June  7th,  1899. 
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Report  of  the  Special  Committee  to  Formulate  Principles  and  Methods  for  the 
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Discussion Feb.,  Mar.,  Apr.,  Au^.,  1917 
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Cascadas,  as  Supplied  and  Used  on  the  Panama  Canal."     Bay  W. 

Berdeau Aug.,       " 

Discussion Oct..        " 

"  The  Distribution  of  Stresses  in  Mitering  Lock-Gates,  with  Special  Refer- 
ence to  the  Gates  on  the  Panama  Canal."     Henry  Qoldmark Aug.,       " 

*•  Air  Tanks  on  Pipe  Lines."    Minton  M.  Warren Aug.,       " 

Discussion Oct.,        " 

"  The  Cape  Cod  Canal."    William  Barclay  Parsons Aug.,       " 

Progress    Report   of   the   Special   Committee  to  Codify  Present  Practice  on 

the  Bearing  Value  oi  Soils  for  Foundations,  etc Aug.,       '' 

"  Detention    Reservoirs    with    Spillway    Outlets    as    an    Agency    in     Flood 

Control."    H.  M.  Chittenden Sept.,      " 

"  A  Phenomenal  Land  Slide— Supplement."     D.D.Clarke Sept..      '• 

"Hydraulic  Phenomena  and  the  Effect  of  Spreading  of  Flood  Water  in  the 

San  Bernardino  Basin,  Southern  California."    A.  L.  Sondkrkgger Sept.,      " 

"The    Subsidence    of    Muck    and    Peat  Soils   in   Southern    Louisiana    and 

Florida."    Charles  W.  Okey.     (To  be  presented  Nov.  7th,  1917) Sept.,      " 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


October  17th,  1917.— The  meeting  was  called  to  order  at  8.30  P.  M,; 
Director  L.  D.  Rights  in  the  Chair;  Chas.  Warren  Hunt,  Secretary; 
and  present,  also,  127  members  and  0  guests. 

A  paper  by  the  late  H.  M.  Chittenden,  M.  Am.  Soc.  C.  E.,  entitled, 
''Detention  lleservoirs  with  Spillway  Outlets  as  an  Agency  in  Flood 
Control,"  was  presented  by  the  Secretary,  who  also  read  communica- 
tions on  the  subject  from  Messrs.  Arthur  E.  Morgan  and  Alexander 
Rice  McKim.  The  paper  was  discu.ssed  orally  by  T.  Keniiard  Thomson, 
M.  Am.  Soc.  C.  E. 

Charles  Evan  Fowler,  M.  Am.  Soc.  C.  E.,  addressed  the  meeting 
in  reference  to  the  late  Gen.  Chittenden,  with  whom  he  was  intimately 
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acquainted,  giving  an  appreciation  of  his  qualities  as  a  man  and  as  an 
engineer. 

A  paper  by  A.  L.  Sonderegger,  M.  Am.  See.  C.  E.,  entitled 
"Hydraulic  Phenomena  and  the  Effect  of  Spreading  of  Flood  Water 
in  the  San  Bernardino  Basin,  Southern  California",  was  presented  by 
the  Secretary,  who  also  announced  that  this  paper  had  been  presented 
before  the  Southern  California  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  at  its  meeting  of  April  11th,  1917.  Dis- 
cussions by  Messrs.  William  MulhoHand  and  Charles  H.  Lee,  presented 
at  that  meeting,  were  read  by  the  Secretary. 

The  Secretary  announced  the  election  of  the  following  candidates 
on  October  9th,  1917 : 

As  Members 

James  Allen,  Olympia,  Wash. 

Charles  Erwin  Barglebaugh,  El  Paso,  Tex. 

John  Bealle  Battle,  El  Paso,  Tex. 

Francis  Marion  Butler,  Orbisonia,  Pa. 

Le  Roy  Francis  Harza,  Sault  Ste.  Marie,  Ont.,  Canada 

Herbert  Henderson,  Port  Arthur,  Tex. 

Nils  Herman  Baashuus  Jessen,  New  York  City 

As  Associate  Members 
Henry  Stanley  Allen,  Kansas  City,  Mo. 
Gustaf  Birger  Andreen,  Elmhurst,  N.  Y. 
Charles  Newton  Bainbridge,  Lombard,  111. 
Eugene  Duston  Barstow,  Cuyahoga  Falls,  Ohio 
Fred  Bennett,  Denison,  Tex. 
Odin  Baltimore  Bestor,  Albany,  N.  Y. 
Kitchell  Monckton  Boorman,  New  York  City 
Horace  Trowbridge  Brown,  San  Francisco,  Cal. 
Oscar  Ernest  Bulkeley,  Jackson,  Mich. 
Paul  Nels  Carlson,  Seattle,  Wash. 
Merwin  Bishop  Carson,  Honolulu,  Hawaii 
Charles  Grover  Chamberlin,  Wichita,  Ivans. 
Hugh  William  Crawford,  Topeka,  Kans. 
Horace  Culpeper,  Houston,  Tex. 
Bert  E.  Dodge,  Madison,  Wis. 
Claude  Lacy  Douthett,  Sidell,  111. 
George  Lucas  Dresser,  New  York  City 
Harold  Mansfield  Eddy,  Canton,  Ohio 
RiLY  Ellsworth  Elgen,  Chattanooga,  Tenn. 
James  Robert  Fairman,  Kansas  City,  Mo. 
George  Keithley  Farner,  San  Francisco,  Cal. 
Arthur  Virdin  Foard,  Baltimore,  Md. 
Nathan  Henry  Gellert,  Wayne,  Pa. 
George  Christian  Graeter,  Sullivan,  Ind. 
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(iuv  ^louLKV  IIarbicrt,  Clai'lvsburg-,  W.  Va. 

FuEDKUic  Geoiuii:  Hkaly,  Bridgeport,  Conn. 

CiiAUi-Ks  IIknuv  IIulstlaw,  West  Palm  Beach,  Fla. 

FuANK  Johnson  IIouseiioldeu,  Baltimore,  Md. 

Bi:i{NHAKD  Faabokg  Jakobsen,  San  Francisco,  Cal. 

Albert  Frederick  Joiintz,  Camaguey,  Cuba 

William  Donelson  Jones,  Los  Angeles,  Cal. 

Benedict  Joseph  Kaiser,  Pittsburgh,  Pa. 

Frank  Hiram  Knait,  Blasdell,  N.  Y. 

Henry  Way  Leal,  Chicago,  111. 

William  Shannon  Lour,  Lancaster,  Pa. 

Hugh  John  Lumsden,  Kansas  City,  Mo. 

H.\RRY  England  McCool,  Duluth,  Minn. 

William  Frederick  McDonald,  Milwaukee,  Wis. 

William  Henry  Mead,  Houston,  Tex. 

Melville  Sampson  Miller,  Brooklyn,  N.  Y. 

Kendall  Tuttle  Murphy,  Baltimore,  Md. 

James  Lee  Murray,  Mittineague,  Mass. 

Alva.  Harold  Perkins,  Am.  Exp.  Force,  France 

Frank  Hurd  Pickett,  Bridgeport,  Conn. 

James  Handyside  Reding,  Fort  Sheridan,  ]11. 

Harlow  Loveridge  Rockwell,  Buffalo,  IST.  Y. 

George  Yiall  Salle,  Cincinnati,  Ohio 

Charles  William  Sylverius  Sammelman,  St.  Louis,  Mo. 

Beale  Melancthon  Schmucker,  Haddon  Heights,  N.  J. 

Ivan  Oscar  Shaffer,  Summit,  N.  J. 

Kenneth  Shirley,  San  Francisco,  Cal. 

Robert  Earle  Shipley,  Texarkana,  Tex. 

Samuel  Spaulding  Stevens,  W^ashington,  D.  C. 

Herbert  Miller  Stofflet,  Chicago,  111. 

Edward  Stuart,  Harrisburg,  Pa. 

John  Abraham  Yan  Den  Bkoek,  Ann  Arbor,  Mich. 

Julius  Yerner,  I-inden,  N.  J. 

Joseph  Johnson  Yogdes,  Philadelphia,  Pa. 

Harrison  Billingsley  Walton,  Little  Rock,  Ark. 

Wylie  Brodbeck  Wendt,  Manhattan,  Kans. 

Herman  Frederick  Wiedeman,  Atlanta,  Ga. 

As  Juniors 

George  Robert  Bickel,  Louisville,  Ky. 
Harold  Follmer  Bucher,  Watsontown,  Pa. 
Merton  Shumway  Fogerty,  Groveton,  N.  H. 
Walter  Fritz,  New  York  City 
Marion  Columbus  Huckaby,  Baton  Rouge,  La. 
William  Francis  Lockhardt,  Brooklyn,  N.  Y. 
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William  Maxwell  Marker,  Stanford  University,  Cal. 

Albert  Clark  Matthews,  Jr.,  Orange,  Va. 

Mortimer  Louis  Neinken,  Brooklyn,  N.  Y. 

James  Parker,  Tulsa,  Okla. 

Alfred  Renshaw,  New  York  City 

Herman  Ritow,  New  York  City 

Norman  Fraser  Strachan,  Lawrence,  Kans. 

Jose  Alexandre  Teixeira  De  Mello,  Troy,  N.  Y. 

Stephen  Riggs  Truesdell,  Jackson,  Mich. 

Clifton  L'Orignal  Weekes,  Cincinnati,  Ohio 

Lee  Hoomes  Williamson,  Rancagua,  Chile 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on  October  9th,  1917 : 

From  Associate  Member  to  Member 
George  Ellsworth  Barrows,  Buffalo,  N.  Y. 
Herbert  Ernest  Bellamy,  Crib  Point,  Victoria,  Australia 
Robert  Mavin  Cooksey,  Baltimore,  Md. 
Walter  Louis  Du  Moulin,  Antofagasta,  Chile 
Augustus  Griffin,  Manteca,  Cal. 
Victor  Frank  Hammel,  New  York  City 
Charles  Frank  Healey,  Chicago,  111. 
Reuben  Sylvester  Peotter,  Paramaribo,  Dutch  Guiana 
BiON  Harman  Piepmeier,  Springfield,  111. 
Paul  Leon  Pierce,  New  York  City 
George  Moses  Purver,  Brooklyn,  N.  Y. 
Leroy  Norman  Reeve,  Denver,  Colo. 
Robert  Bruce  Tinsley,  Chuquicamata,  Chile 

From  Associate  to  Associate  Member 
Clark  Edwin  Mickey,  Lincoln,  Nebr. 

From  Junior  to  Associate  Member 
Franklin  Rea  Allen,  Pine  Bluff,  Ark. 
Russell  Vincent  Banta,  New  York  City 
Tom  Allen  Either,  Berkeley,  Cal. 
Sidney  Breese  Bowne,  Mineola,  N.  Y. 
Arthur  Gray  Butler,  Cleveland,  Ohio 
Harry  Foster  Ferguson,  Urbana,  111. 
James  Gordon  Goodfellow,  Edinburgh,  Scotland 
IIoiMER  More  LIadley,  Vancouver  _B.  C,  Canada 
Lewis  Merrick  Hammond,  Washington.  D.  C. 
Allen  Hoar,  Alameda,  Cal. 
Leigh  Patterson  Jerrard,  Madison,  AVis. 
Harry  Kornfeld,  Brooklyn,  N.  Y. 
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Hunter  McCluue,  San  Francisco,  Cat. 
Hakky  Gaillakd  liiDLET,  Erie,  Pa. 
RocER  Gushing  Kice,  Topoka,  Kaiis. 
Alston  Orange  Rose,  Pittsburgh,  Pa. 
WiLLiA>[  Stava,  San  Francisco,  Cal. 
Leon  Swartz,  East  Oakmont,  Pa. 
Harry  Strong  Winn,  Kansas  City,  Mo. 

The  Secretary  announced  the  following  deaths : 

Daniel  JMarsiiall  Andrews,  of  Montgomery,  Ala.,  elected  Member, 
March  L>d.  1S92;  died  June,  1917. 

HiuA.M  Martin  Chittenden,  of  Seattle,  Wash.,  elected  Member,  Feb- 
ruary 7th,  1900;  died  October  9th,  1917. 

Elmer  Ellsworth  Colby,  of  Chickasha,  Okla.,  elected  Member, 
January  7th,  1913 ;  died  October  4th,  1917. 

William  Waltkr  Marr,  of  Springfield,  111.,  elected  Member,  Feb- 
ruary 2d,  1909;  died  October  3d,  1917. 

Adjourned. 

November  7th,  191 7. — The  meeting  was  called  to  order  at  8.30  P.  M., 
in  the  Auditorium  of  the  United  Engineering  Building;  President 
Pegram  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and  present,  also 
120  members  and  6  guests. 

The  minutes  of  the  meetings  of  September  19th  and  October  3d, 
1917,  were  approved  as  printed  in  Proceedings  for  October,  1917. 

A  paper  by  Charles  W.  Okey,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled 
"The  Subsidence  of  Muck  and  Peat  Soils  in  Southern  Louisiana  and 
Florida",  was  presented  by  the  Secretary,  who  also  read  communications 
on  the  subject  from  Messrs.  Arthur  E.  Morgan  and  Orrin  Randolph. 
The  paper  was  discussed  further  by  Messrs.  J.  F.  Coleman,  Rudolph 
Hering,  and  T.  Kennard  Thomson. 

A  second  paper,  by  H.  C.  Vensano,  M.  Am.  Soc.  C.  E.,  entitled 
"Pulsations  in  Pipe  Lines,  as  Shown  by  Some  Recent  Tests",  was  pre- 
sented by  the  Secretary,  who  also  read  a  communication  on  the 
subject  from  Norman  R.  Gibson,  M.  Am.  Soc.  C.  E.  The  paper  was 
discussed,  also,  by  Messrs.  Rudolph  Hering  and  R.  D.  Johnson. 

The  Secretary  announced  the  following  deaths : 

William  Sinclair  Bacot,  of  Utica,  N.  Y.,  elected  Member,  October 
1st,  1890 ;  died  October  31st,  1917. 

Harry  Madera  Gould,  of  Nashville,  Tenn.,  elected  Member,  Novem- 
ber 30th,  1909 ;  died  September  30th,  1917. 

John  Edward  Swanker,  of  Buffalo,  N.  Y.,  elected  Member,  May  4th, 
1904;  died  October  20th,  1917. 

Louis  Wachtel,  of  Wells,  N.  Y.,  elected  Junior,  March  2d,  1909; 
Associate  Member,  September  2d,  1914 ;  died  October  10th,  1917. 

Adjourned. 
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OF  THE  BOARD  OF  DIRECTION 

(Abstract) 

June  nth,  1917. — The  Board  met  at  10.10  a.  m.  ;  President  Pegram 
in  the  chair ;  Chas.  Warren  Hunt,  Secretary ;  and  present,  also,  Messrs. 
Coleman,  Craven,  Crocker,  Davies,  Fay,  Flinn,  Herschel,  Hill,  Hum- 
phreys, Kittredge,  Khuen,  McDonald,  Marx,  ISToble,  Ockersoii,  Rights, 
Swain,  and  Webster. 

Mr.  Hunt  presented  a  statement  signed  by  himself  in  answer  to  the 
statement  presented  at  the  meeting  of  April  17th,  191Y,  signed  by 
Messrs.  Endicott,  Ockerson,  and  McDonald. 

On  motion,  duly  seconded,  it  was: 

"Resolved:  To  expunge  from  the  Minutes  all  letters  and  communi- 
cations in  regard  to  the  work  of  the  Committee  of  the  Board  on  Revi- 
sion of  the  Constitution." 

The  President  was  requested  to  appoint  a  Committee  of  three  to 
consist  of  members  of  the  Board  whose  names  have  not  appeared  in  the 
controversy  in  regard  to  the  Report  of  this  Committee,  such  Committee 
to  select  the  matter  to  be  expunged  from  the  Minutes  and  removed  from 
the  files  of  the  Society.  The  President  subsequently  appointed  Messrs. 
Alfred  D.  Flinn,  George  A.  Harwood,  and  Frederick  C.  IToble. 

The  Secretary  presented  his  Financial  Report  from  January  Ist 
to  date,  together  with  a  certificate  of  the  Auditors. 

Reports  of  Progress  were  received  from  the  Chairmen  of  the 
Finance.  Library,  and  Publication  Committees. 

The  following  report  was  presented  by  Mr.  Davies : 

"June  5,  191Y. 
"The  Board  of  Direction, 

American  Society  of  Civil  Engineers. 
Kew  York,  N.  Y. 

"Gentlemen :  At  your  last  meeting,  April  17,  1917,  you  referred  to 
the  Committee  on  Special  Committees  two  matters  for  investigation 
and  report,  regarding  which  we  beg  to  submit  the  following  report: 

"(1). — Request  for  the  Appointment  of  a  New  Special  Com- 
mittee on  Concrete  and  Reinforced  Concrete. 

"We  have  given  careful  consideration  to  the  possible  advantages  to 
the  Society  of  continuing  the  Special  Committee  on  Concrete  and 
Reinforced  Concrete  or  of  the  appointment  of  a  new  Special  Com- 
mittee. Since  the  date  of  the  recent  report  there  is  nothing  new  in 
the  art  which  would  warrant  continuing  the  old,  or  appointing  a  new, 
Special  Committee  to  continue  the  work  beyond  the  scope  of  the  final 
report  which  was  presented  in  January.  There  is  no  warrant  under 
our  Constitution  for  maintaining  a  Special  Committee  perpetually  to 
watch  developments  in.  any  particular  branch  of  the  art  of  engineering. 

"Our  recommendation  is  that  no  such  Special  Committee  should 
be  continued  nor  new  Special  Committee  appointed.     In  the  future. 
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Avlieii  there  shall  have  heeu  some  further  advance  in  the  use  of  con- 
crete and  reinforced  concrete  sufficient  to  warrant  a  further  study  and 
report  on  the  suhject,  the  api)ointment  of  a  Special  Committee  can  be 
considered  on  its  merits. 

''(2). — Request  for  the.  Appointment  of  a  Special  Committee 
of  Five  Members  to  Investigate  and  Report  on  the 
Conditions  and  Opportunities  for  American  Engineers 
in  Russia  and  in  South  America. 

"Article  YI,  Section  12,  of  the  Constitution  of  the  Society,  pro- 
vides that,  'Special  committees  to  report  upon  engineering  subjects 
shall  be  authorized,  except  as  further  provided  in  this  paragraph,  etc' 
In  our  opinion,  the  matter  of  investigating  the  conditions  and  oppor- 
tunities for  American  Engineers  in  Russia  and  in  South  America,  does 
not  come  within  the  scope  of  the  meaning  of  'engineering  subjects',  and 
we,  therefore,  recommend  against  the  appointment  of  such  a  Committee 
as  is  requested. 

"In  submitting  this  report,  we  beg  to  state  that  while  it  is  not  signed 
by  Mr.  W.  L.  Darling,  a  member  of  the  Committee  on  Special  Commit- 
tees, the  recommendations  herein  made  are  fully  concurred  in  by  him. 
The  absence  of  Mr.  Darling's  signature  hereto  is  due  to  his  leaving 
this  country  on  government  business  prior  to  the  report  being  written. 

"Committee  on  Special  Committees, 

"J.  Y.  Davies,  Chairman, 
"Geo.  W.  Tillson." 

The  recommendations  of  the  Committee  were  adopted  as  the  action 
of  the  Board. 

The  Secretary  presented  the  Minutes  of  a  meeting  of  the  Executive 
Committee,  held  May  8th,  1917,  which  had  already  been  forwarded  to 
the  members  of  the  Board.  The  action  taken  by  the  Committee  was 
as  follows : 

(1)  To  abandon  the  Minneapolis  Convention,  and  to  circularize  the 
membership  in  regard  to  it. 

(2)  A  resolution  to  the  effect  that  remittance  of  dues  cannot  be 
made  in  advance,  but  that  all  members  of  the  Society  who  enter  the 
U.  S.  Military  Service  will  be  carried  on  the  rolls,  if  they  so  request, 
until  the  war  is  over. 

(3)  An  appropriation  of  $1  200  made  to  the  Special  Committee  on 
Steel  Columns  and  Struts. 

(4)  A  general  report  on  the  sale  or  lease  of  the  Society  property. 
The  action  of  the  Committee  in  all  these  matters  was  approved. 
The  Secretary  reported  in  the  matter  of  the  panelling  of  two  large 

rooms  in  the  new   Society  Headquarters  in  Thirty-ninth  Street  that 
careful  estimates  had  been  made  for  the  panelling  of  the  larger  of  the 
two  rooms  in  oak  and  of  the  Board  Room  in  mahogany,  the  total  cost 
to  be  approximately  $5  000,  and  that  the  work  had  been  ordered. 
The  action  was  approved. 
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The  Secretary  presented  a  letter  from  John  C.  Hoyt,  Secretary, 
Local  Association  of  Members  of  the  District  of  Columbia,  asking 
that,  in  order  that  the  membership  may  be  able  to  give  the  fullest  consid- 
eration to  the  proposed  Revised  Constitution,  the  correspondence  ordered 
spread  upon  the  Minutes  of  April  17th,  1917,  be  printed  in  Proceedings, 
or  as  a  separate  publication.  The  Secretary  was  directed  to  inform 
Mr.  Hoyt  that  the  correspondence  in  question  is  not  now  a  part  of 
the  Minutes  of  the  Board,  and  to  state  further  that  while  that  corre- 
spondence was  ordered  spread  upon  the  Minutes  of  the  Board  of  April 
17th,  it  was  ordered  expunged  at  this  meeting. 

Mr.  riinn,  Chairman  of  a  committee  to  report  on  the  proper  dis- 
posal of  the  22  000  duplicates  remaining  in  the  Library  after  its  con- 
solidation with  that  of  the  U.  E.  S.,  reported  in  favor  of  disposing  of 
the  collection  as  a  whole  by  presenting  it  to  the  Cleveland,  Ohio, 
Association  of  Members  of  the  Society  on  the  understanding  that  the 
collection  would  be  kept  intact.  This  recommendation  was  adopted  as 
the  action  of  the  Board. 

President  Pegram  was  authorized  to  appoint  five  representatives 
of  this  Society  on  Engineering  Council. 

The  following  resolutions  were  adopted: 

"Resolved:  That  the  'General  Conference  Committee  of  the  National 
Engineering  Societies'  now  in  being,  and  consisting  of  Robert  Ridg- 
way,  S.  L.  F.  Deyo,  and  Chas.  Warren  Hunt,  is  hereby  discharged;  and 

"Resolved:  That  the  representatives  of  this  Society  in  Engineering 
Council  shall,  as  soon  as  may  be  after  their  appointment,  and  accept- 
ance of  the  same,  appoint  a  Secretary  whose  duty  it  shall  be  to  report 
in  writing  to  this  Board  of  Direction,  through  its  Secretary,  the  Pro- 
ceedings of  said  Engineering  Council  immediately  after  each  meeting 
of  the  said  Council." 

The  Secretary  reported  that  he  had  received  many  replies  from  Sen- 
ators, Representatives,  etc.,  regarding  the  resolution  of  this  Board  on 
Universal  Military  Training. 

The  Secretary  reported  that  the  President  had  named  Messrs.  J.  Y. 
Davies  and  J.  E.  Greiner  at  the  request  of  Dr.  Hollis  Godfrey  of  the 
Advisory  Commission,  Council  of  National  Defense,  and  by  him  had 
been  appointed  as  members  of  the  Engineering  Societies  Section  of  the 
Committee  on  Science  and  Research  of  the  Advisory  Commission. 

The  President  was  authorized  to  appoint  a  Committee  to  Recom- 
mend the  Award  of  Prizes  for  1917. 

The  Secretary  presented  a  card  in  remembrance  of  James  Forrest, 
Honorary  Secretary,  The  Institution  of  Civil  Engineers,  who  died 
March  2d,  1917,  aged  91.  Messrs.  George  W.  Kittredge,  Clemens 
Herschel,  and  J.  Vipond  Davies  were  appointed  to  prepare  a  suitable 
response  in  behalf  of  this  Board. 
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Director  Crocker  called  attention  to  the  report  adopted  by  this 
Board  in  regard  to  an  Employment  Bureau,  which  was  referred  to 
the  Engineering  Council,  with  the  recommendation  that  it  should  take 
up  this  very  important  matter. 

It  was  moved,  seconded,  and  carried,  that  in  view  of  the  abandon- 
ment of  the  Annual  Convention  at  St.  Paul  and  Minneapolis,  President 
Pegram  be  requested  to  deliver  his  Address  at  the  time  of  the  Annual 
Meeting  of  1918. 

Past-President  Swain,  as  one  of  the  representatives  of  the  Society 
on  the  Committee  in  regard  to  the  adoption  of  the  Metric  System, 
reported,  and  the  following  resolution  was  adopted: 

"Resolved:  That  it  is  the  sense  of  this  Board  that  this  Committee 
should  not  be  enlarged,  but  should  be  confined  to  representatives  of 
the  four  National  Societies." 

The  question  of  the  use  of  metric  equivalents,  as  far  as  practicable, 
in  the  i)ublications  of  the  Society,  which  has  been  suggested,  was 
referred  to  the  Publication  Committee. 

The  resignations  of  1  Associate  Member  and  of  1  Junior  were  ac- 
cepted. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election 
of  6  ^[embers,  40  Associate  Members,  and  13  Juniors,  and  the  transfer 
of  7  Juniors  to  the  grade  of  Associate  Member. 

Thirty  Associate  Members  were  transferred  to  the  grade  of 
^fember. 

Applications  were  considered  and  other  routine  business  trans- 
acted. 

AdjounK-d  ."i.L'O  P.  M. 

June  i2th,  1917. — The  Board  met  at  3  p.  M.;  President  Pegram  in 
the  chair;  Chas.  Warren  Hunt,  Secretary;  and  present,  also,  Messrs. 
Coleman,  Crocker,  Fay,  Herschel,  Humphreys,  Khuen,  McDonald, 
^larx,  Noble,  Ockerson,  Rights,  and  Swain. 

A  report  from  the  Membership  Committee  was  received  and  a(!ted 
upon. 

Adjourned. 

September  nth,  1917. — The  Board  met  at  10.30  p.  M.,  imme- 
ately  after  the  adjournment  of  the  Membership  Committee;  President 
Pegram  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and  present, 
also,  Messrs.  Davies,  Pay,  and  Noble. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election 
of  17  Members,  63  Associate  Members,  1  Associate,  and  19  Juniors, 
and  the  transfer  of  19  Juniors  to  the  grade  of  Associate  Member. 
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Twenty-one  Associate  Members  were  transferred  to  the  grade  of 
Member,  and  1  Associate  was  transferred  to  the  grade  of  Associate 
Member. 

A  Iveport  from  the  Membership  Committee  was  received  and  acted 
upon. 

Adjourned. 

October  9th,  1917. — The  Board  met  at  10.10  a.  m.  ;  President 
Pegram  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and  present, 
also,  Messrs.  Coleman,  Davies,  Davis,  Duryea,  Fay,  Harwood,  Ilerschel, 
Khuen,  Noble,   Ockerson,  Rights,  Tillson,  and  Webster. 

Messrs.  Crocker,  Flinn,  and  McDonald  came  in  during  the  session. 

The  resignation  of  Director  F.  G.  Jonah  on  account  of  his  having 
gone  into  active  service  in  the  Army  was  received  and  accepted. 

John  W.  Alvord  was  unanimously  appointed  to  fill  the  vacancy 
for  the  unexpired  term  as  a  representative  of  District  No.  8. 

The  Report  of  the  Nominating  Committee  was  received. 

On  motion,  duly  seconded,  a  contribution  out  of  the  funds  of  the 
Society  of  $500  was  made  toward  the  erection  of  a  memorial  to 
the  late  John  Ericsson,  Hon.  M.  Am.  Soc.  C.  E. 

A  report  was  received  from  tlie  Library  Committee.* 

Mr.  Harwood,  Chairman  of  the  Publication  Committee,  reported 
in  the  matter  which  had  been  referred  to  it  by  the  Board  that  the 
Committee  had  unanimously  decided  to  recommend  that  the  use  of 
metric  equivalents  in  publications  of  the  Society  be  not  adopted. 

The  recommendation  of  the  Committee  was  adopted  as  the  action 
of  the  Board. 

The  following  resolution  was  adopted: 

"Resolved:  That  in  view  of  the  suggestion  of  the  Committee  on 
Education  of  the  Council  of  National  Defense,  that  the  Engineering 
Societies  through  their  representation  on  the  General  Engineering 
Committee  of  the  said  Council  should  co-operate  with  them  in  con- 
nection with  the  consideration  of  the  subject  of  Engineering 
Education :  it  is  recommended  to  the  other  National  Engineering 
Societies  that  this  matter,  together  with  the  general  subject  of 
Engineering  Education,  be  referred  to  Engineering  Council  for  its 
active  participation  and  co-operation." 

The  following  resolution  with  regard  to  a  closer  relation  between 
this  Society  and  the  Canadian  Society  of  Civil  Engineers  was  adopted : 

"Whereas:  The  American  Society  of  Civil  Engineers  and  the 
Canadian  Society  of  Civil  Engineers  are  both  organized  for  the  pur- 
pose of  promoting,  in  every  practicable  way,  co-operation,  good  feeling 
and  fellowship,  and  the  professional  and  personal  interests  of  the 
engineering  profession  in  both  countries,  and  for  the  maintenance  of 
high  professional  and  personal  standards  and  ethics  of  conduct;  and 

*  See  page  671. 
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"Whereas:  Many  of  the  members  of  each  of  these  Societies  have 
become  members  of  the  other ;  and 

"Whereas:  It  is  in  the  highest  degree  desirable  that  the  utmost 
co-operation  and  the  most  cordial  relationship  should  exist  between 
the  two  Societies,  especially  in  view  of  the  i)resent  world  crisis,  which 
slioxild  draw  into  closer  relationsliip  the  Unitod  States  and  Dominion 
of  Canada  ;  be  it 

"Bvsolved:  That  the  Board  of  Direction  of  the  American  Society  of 
Civil  Engineers  formally  express  to  the  Council  and  members  of  the 
Canadian  Society  of  Civil  Engineers,  its  desire  that  the  two  Societies 
should  co-operate  for  mutual  advancement  to  the  greatest  extent  pos- 
sible, and  that  the  Board  extend  to  the  members  of  the  Canadian 
Society  of  Civil  Engineers  a  cordial  invitation  to  avail  themselves 
of  the  facilities  offered  by  the  American  Society  of  Civil  Engineers, 
to  make  themselves  at  home  in  its  rooms  and  to  attend  its  meetings 
whenever  they  may  visit  Xew  York;  and  further, 

"That  inasmuch  as  both  Societies  are  engaged  in  the  effort  to  solve 
the  same  problems,  for  which  purpose  mutual  acquaintance  and  inter- 
course will  be  of  benefit  to  both  Societies,  the  Board  of  Direction  of 
the  American  Society  of  Civil  Engineers  expresses  its  approval  of  a 
plan  of  holding  joint  meetings  of  the  two  Societies  at  such  times  and 
places  as  may  be  found  convenient;  and  further, 

"That  a  copy  of  these  Resolutions  be  sent  to  the  Council  of  the 
Canadian  Society  of  Civil  Engineers." 

Upon  the  report  of  a  Committee  consisting  of  Messrs.  George  W. 
Kittredge,  Clemens  Herschel,  and  J.  Vipond  Davies,  appointed  to 
formulate  an  appropriate  entry  to  be  made  in  the  records  of  the 
Society  on  account  of  the  death,  on  March  2d,  1917,  of  James  Forrest, 
Honorary  Secretary  of  The  Institution  of  Civil  Engineers,  the  Board 
adopted  the  following  Minute: 

"In  view  of  his  unusual  connection  during  seventy-five  years  with 
the  Institution  of  Civil  Engineers — sixty-one  of  which  were  passed 
as  Assistant  Secretary,  Secretary,  and  Honorary  Secretary — the  Board 
of  Direction  of  the  American  Society  of  Civil  Engineers  respectfully 
records  its  appreciation  of  the  good  services  done  by  Mr.  James  Forrest. 
His  useful  career  was  helpful  to  Engineering  Societies  and  to  the 
Engineering  Profession  wherever  found. 

"Another*  has  said,  and,  from  personal  knowledge,  it  is  corroborated: 

"  'It  may  truly  be  said  of  him  that  he  not  only  watched  over  the 
interests  of  the  Institution  with  the  greatest  assiduity  and  complete 
success,  but  that  his  office  was  to  him  a  labor  of  love.  Certainly  no 
man  ever  devoted  himself  more  thoroughly,  heart  and  soul,  to  his 
work,  than  did  Mr.  Forrest  from  first  to  last  during  his  long  tenure  of 
office.' 

"A  brief  chronological  record  is, 
1S25  Born,  November  30th,  1825. 
1812     Joined  staff  of  Institution  of  Civil  Engineers. 

•  Address  of  John  Wolfe  Barry,  President.  Institution  of  Civil  Engineers,  Minutes 
of  Proceedings,  Inst.  C.  E.,  Vol.  127,  p.  31 ;  Engineering,  March  9th,  1917. 
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1845  Awarded  a  Walker  Premium  by  the  Institution  for  ''Drawing-s 
and  Diagrams  Illustrative  of  Numerous  Papers  Read  at  the 
Meetings".     (Minutes  of  Proceedings,  Inst.  C.  E.,  Vol.  4,  p.  4.) 

1852  May  4th,  balloted  for  and  duly  elected  as  Associate  of  the  In- 
stitution. James  Meadows  Rendel,  President.  (Minutes  of 
Proceedings,  Inst.  C.  E.,  Vol.  11,  p.  477.) 

185G  Appointed  Assistant  Secretary.  Robert  Stephenson.  President. 
(Minutes  of  Proceedings,  Inst.  O.  E.,  Vol.  16,  p.  187.) 

1860  Appointed  Secretary.  George  P.  Bidder,  President.  (Minutes 
of  Proceedings,  Inst.  C.  E.,  Vol.  19,  p.  230.) 

1896     Retired   as   Secretary  and  became  Honorary    Secretary. 

1917     Died,  March  2d,  1917." 

Mr.  Hunt  presented  a  report  concerning  the  finances,  furnishing, 
and  building  of  the  new  quarters  of  the  Society,  which  was  ordered 
printed  in  Proceedings  for  the  information  of  the  membership.* 

The  Secretary  reported  in  regard  to  the  Fifty-seventh  Street  prop- 
erty that  no  disposition  has  yet  been  made  of  it.  This  matter  is  in 
the  hands  of  the  Executive  Committee. 

A  letter  from  the  American  Society  of  Mechanical  Engineers  was 
presented  inviting  this  Society  to  appoint  three  of  its  members  to 
join  with  similar  representation  from  the  Prime  Movers  Committee 
of  the  iSTational  Electric  Light  Association,  the  American  Institute 
of  Electrical  Engineers,  and  the  Committee  on  Power  Tests  of  the 
Am.  Soc.  M.  E.,  to  assist  in  framing  a  Code  for  the  Testing  of 
Water  Wheels.  The  President  was  empowered  to  appoint  such  Com- 
mittee. 

The  appointment  as  representatives  of  this  Society  on  the  En- 
gineering Council  of  Messrs.  John  F.  Stevens,  George  F.  Swain, 
Frederick  H.  Newell,  Alexander  C.  Humphreys  and  John  D.  Gallo- 
way,  was   reported. 

Director  Flinn  stated  that  he  is  a  member  of  a  Committee  on 
Personnel  appointed  by  Engineering  Council,  and  that  for  this  com- 
mittee a  partial  list  of  "Civil  Engineer  Specialists  for  War"  has  been 
compiled,  and  that  he  has  been  requested  to  ascertain  whether  the 
Board  of  Direction  would  provide  for  and  authorize  the  sending  to 
all  members  of  the  Society  a  questionnaire  on  this  subject. 

The  Board  directed  that  there  be  published  in  Proceedings  a  state- 
ment of  the  work  of  the  Committee  of  which  Mr.  Flinn  is  a  member, 
and  that  all  members  of  the  Society  who  are  available  and  desirous 
of  serving  the  Government  in  the  present  crisis  be  asked  to  classify 
themselves  under  the  various  heads,  so  that  their  names  may  be  listed 
by  the  Committee  of  the  Engineering  Council  with  a  view  of  aiding 
the  Government.!  

*  See  page  666. 
t  See  page  664. 


.\avoiiil)cr.  1!M7.1  M I  NirKS   OF   MEETINGS  645 

The  niipointiiK'ut  of  ^lossrs.  J.  L.  Van  Ornum,  II.  J.  Burt,  and 
S.  E.  Tinkham  as  a  Committee  to  Recommend  the  Award  of  Medals 
and  Prizes  for  1017  was  reported. 

Tlie  Secretary  stated  tliat  the  following  cable  had  been  received 
from  John  F.  Stevens.  M.  Am.  Soc.  C.  E.,  dated  July  31st,  1917: 

"Central  Board  Engineers  "Ways  of  Communication  send  Eraternal 
Greetings  to  you  request  me  to  thank  United  States  through  Society 
for  sending  our  Advisory  Connnission  to  Russia." 

Also,  that  President  Pegrnin  h;ul  transmitted  this  to  the  Presi- 
dent of  the  United  States,  July  ^Ist,  1917,  and  had  received  a  reply 
stating:  "The  President  has  asked  me  to  thank  you  warmly  for 
your  kind  letter  of  July  31st.  lie  is  very  much  gratified  by  your 
generous  words." 

A  letter  from  E.  P.  Goodrich,  M.  Am.  Soc.  C.  E.,  Director  of  Mili- 
tary Census,  New  York  City,  was  presented,  expressing  appreciation 
of  himself  and  colleagues  for  assistance  given  by  the  Society  in  the 
work  of  taking  the  State  Military  Census  and  Inventory.  The  Sec- 
retary also  reported  that  he  received  a  similar  letter  from  Mayor 
:Mitchel. 

The  Board  authorized  the  appointment  of  a  Committee  of  the 
Board  to  canvass  the  Preliminary  Suggestions  for  Members  of  the 
Nominating  Committee  on  November  1st,  1917,  and  also  fixed  the 
date  of  December  14th,  1917,  for  mailing  the  form  for  Final  Sug- 
gestions for  Members  of  the  Nominating  Committee,  and  January 
15th,  1918,  as  the  date  for  the  final  canvass  of  those  suggestions. 

The  date  of  the  next  Board  meeting  was  fixed  as  January  14th 
and  15th,  1918. 

George  H.  Pegram  was  appointed  as  one  of  the  representatives 
of  this  Society  on  the  John  Fritz  Medal  Board  of  Award  to  fill  the 
vacancy  caused  by  the  retirement  from  that  Board  of  George  F. 
Swain,  whose  term  expires  January  18th,  1918. 

Mr.  Hunt  presented  a  Report  from  the  Alfred  Noble  Memorial 
Committee,  which  was  received  and  ordered  printed  in  Proceedings 
for  the  information  of  the  membership.* 

The  Secretary  reported  that  it  had  been  impossible  to  secure 
a  list  in  any  way  complete  of  the  members  of  the  Society  who  are 
in  the  service  in  the  Army  and  Navy,  and  recommended  that  he  be 
authorized  to  issue  a  circular  addressed  to  all  members  asking  for 
special  information  in  this  matter  in  order  that  a  ''Roll  of  Honor" 
may  be  published  in  Proceedings.  The  authority  requested  by  the 
Secretary  was  granted,  and  it  was  further  decided  that  such  list 
should  be  kept  up  to  date  and  published  regularly  in  Proceedings.    It 

•  See  page  648. 
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was  further  decided  that  this  Roll  of  Honor  should  be  restricted  to 
those  holding  commissions  or  official  appointments. 

A  Committee  consisting  of  Alfred  D.  Flinn,  George  A.  Harwood, 
and  Frederick  C.  Noble,  appointed  by  the  Board  at  its  meeting  of 
June  11th  to  select  matters  to  be  expunged  from  the  Minutes  of  the 
Board  and  removed  from  the  files  of  the  Society  in  regard  to  a  con- 
troversy in  connection  with  the  Report  of  the  Committee  on  Re- 
vision of  the  Constitution,  reported  that  it  had  unanimously  directed 
the  Secretary  to  expunge  from  the  official  Minutes  of  the  Board  of 
Direction  the  following  matter: 

1.  A  minority  report  dated  February  1st,  1917,  signed  by  three 
members. 

2.  A  majority  report  dated  March  1st,  1917,  signed  by  four  members. 

3.  Letter  dated  March  19th,  1917,  from  Dr.  Hunt  to  Mr.  Pegram. 

4.  Letter  dated  March  22d,  1917,  from  President  Pegram  to  Dr. 
Hunt. 

5.  A  document,  dated  April  17th,  1917,  handed  to  the  Secretary  on 
that  date  and  read  to  the  Board,  signed  by  M.  T.  Endicott,  J.  A.  Ocker- 
son  and  Hunter  McDonald. 

6.  Statement  by  H.  S.  Crocker  made  verbally  at  the  meeting  of 
the  Board  April  17th. 

7.  Letter  dated  March  23d,  1917,  from  the  Secretary  to  members 
of  the  Board  of  Direction  transmitting  proofs  of  the  proposed  Con- 
stitution and  copies  of  Items  3  and  4  in  the  above  list; 

And  to  remove  from  the  files  of  the  Society  the  seven  items  just 
enumerated,  together  with: 

8.  A  written  communication  dated  June  4th,  1917,  signed  by  Dr. 
Hunt,  in  answer  to  the  statement  made  by  M.  T.  Endicott,  J.  A. 
Ockerson  and  Hunter  McDonald,  which  was  presented  to  the  Board 
June  11th,  1917,  but  not  made  a  part  of  the  official  minutes ; 

And  to  forward  all  of  the  above  mentioned  docvnnents  to  the 
Chairman  of  this  Committee,  Alfred  D.  Flinn,  who  shall  hold  said 
documents  until  the  Committee  decides  when  they  shall  be  destroyed. 

It  was  moved  and  seconded  that  the  Report  of  the  Committee  be 
received   and  its  recommendations   adopted. 

A  roll-call  on  this  motion  was  called  for. 

The  following  members  voted  to  adopt  the  recommendations  of 
the  Committee:  Messrs.  Crocker,  Davies,  Duryea,  Flinn,  Harwood, 
Khuen,  Noble,  Pegram,  Rights,  Tillson,  and  Webster — 11. 

The  following  voted  not  to  sustain  the  Committee:  Messrs.  Cole- 
man, Davis,  Fay,  Herschel,  McDonald,  and  Ockerson — 6. 

Mr.  Hunt  did  not  vote. 

The  President  declared  the  motion  adopted. 


NoveinlitT,  I'.IIT.I  M 1  N ITKS    OF    MKKTINCS  647 

The  Secretary  presented  a  letter  i'roin  Onward  Bates,  Past-Presi- 
dent, in  regard  to  the  proposed  revised  Constitution.  He  also  stated 
that  he  had  letters  from  ^Messrs.  Leonard  Metcalf,  and  W.  S.  Rich- 
mond, suggesting  modifications. 

It  was  moved  that  ^Mr.  Bates'  letter  be  published  in  Proceedings, 
and  also  that  all  eommunieations  in  regard  to  the  revised  Constitution 
lie  jiublished  in  Proceedings.  These  motions  were  not  voted  upon, 
l)ut  after  much  discussion  the  Secretary  was  instructed  to  advise  Mr. 
Bates  and  those  who  had  sent  in  comments  that  their  letters  had 
received  careful  consideration,  and  that  the  matters  in  them  have 
been  referred  to  the  Publication  Committee  for  consideration,  and  for 
proper  jiresentation  to  the  entire  membership  of  the  Society. 

Mr.  McDonald  presented  the  following  resolution: 

"Resolved :  That  at  least  25  days  prior  to  the  Annual  Meeting  a 
notice  be  sent  out  to  all  Corporate  Members  giving  the  ]iroposed  re- 
vision of  the  Constitution,  signed  by  certain  members  of  the  Board, 
together  witli  a  statement  of  the  proposed  changes  and  the  reasons 
therefor,  and  that  the  Committee  on  Publication  be  authorized  to 
prepare  this  statement." 

The  following  members  of  the  Board  then  authorized  their  names 
to  be  signed  to  the  revised  Constitution:  Messrs.  Ockerson,  Herschel, 
Fay,  Coleman,  Webster,  McDonald,  Tillson,  Davies,  Harwood,  Khuen, 
and  Davis — 11. 

The  other  members  of  the  Board  present  declined  to  allow  their 
names  to  be  so  used. 

The  resignations  of  4  Associate  Members  were  accepted. 

Ballots  for  Membership  were  canvassed,  resulting  in  the  election 
of  T  Members,  61  Associate  Members,  and  17  Juniors,  and  the  trans- 
fer of  19  Juniors  to  the  grade  of  Associate  Members. 

Thirteen  Associate  Members  were  transferred  to  the  grade  of 
[Member,  and  1  Associate  was  transferred  to  the  grade  of  Associate 
Member. 

Applications  were  considered  and  other  routine  business  trans- 
acted. 

Adjourned. 

October  loth,  1917. — The  Board  met  at  11.07  A.  M.;  President 
Pegram  in  the  chair;  Chas.  WarreTi  Hunt,  Secretary;  and  present, 
also,  Messrs.  Coleman.  Crocker,  Duryea,  Fay,  Flinn,  Humphreys, 
Khuen,   and   McDonald. 

A  report  from  the  Membership  Committee  was  received  and  acted 
upon. 

Adjourned. 
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SOCIETY  ITEMS  OF  INTEREST 

Alfred  Noble  Memorial 

To  THE  Board  of  Direction, 

American  Society  of  Civil  Engineers, 
220  W.  57th  Street, 
New  York  City. 

Gentlemen:  Your  Committee  on  the  Alfred  Noble  Memorial  desires 
to  make  a  progress  report,  and  believing  that  the  Members  of  the 
Society  are  entitled  to  some  account  of  our  work  during  the  three 
years  of  this  Committee's  existence  we  have  recoimted  the  history  of 
it  in  the  form  which  follows,  with  the  request  that  if  it  meets  the 
approval  of  your  Board,  you  will  direct  it  be  sent  out  to  Members  for 
their  information. 

During  a  meeting  of  the  Board  of  Direction  of  the  American 
Society  of  Civil  Engineers  held  on  June  2d,  1914,  a  tribute  by  the 
engineering  profession  to  the  life  and  memory,  of  Alfred  Noble  was 
unanimously  adopted  and  spread  upon  the  minutes.  The  Board  at 
the  same  time  thought  it  proper  and  desirable  to  recognize  the  worth 
of  the  man  in  a  more  substantial  way  by  erecting  a  memorial  monu- 
ment to  him.  This  was  first  brought  to  the  attention  of  the  members 
of  the  American  Society  of  Civil  Engineers  by  the  circular  of  the 
Secretary  dated  July  1st,  1914. 

Memorial  a  National  Honor.— It  was  decided  at  that  time,  that  as 
Alfred  Noble's  professional  practice  was  national  in  character  and 
as  he  was  an  adviser  of  the  President  and  other  officials  of  the  Govern- 
ment and  was  consulted  on  some  of  the  most  important  engineering 
work  of  the  country,  the  Capital  of  the  Nation  was  the  proper  location 
for  such  a  memorial.  The  Board  set  aside  the  sum  of  $1  000  as  a 
first  subscription  towards  the  necessary  funds,  and,  to  get  work  started, 
appointed  the  following  committee  with  power  to  carry  out  the 
project : 

Committee  Appointed 

Messrs.  Onward  Bates,  Chicago,  Illinois,  Chairman 
Robert  Moore,  St.  Louis,  Missouri 
Samuel  Rea,  Philadelphia,  Pennsylvania 
Samuel  II.  Hedges,  Seattle,  Washington 
F.  H.  Newell,  Washington,  D.  C. 
W.  W.  Harts,  Washington,  D.  C. 
Chas.  Warren  Hunt,  New  York  City,  Secretary 

On  December  6th,  1916,  Mr.  Robert  Moore  resigned  from  the  Com- 
mittee stating  that  it  had  been  impossible  for  him  to  attend  any 
meetings  of  the  Committee,  or  give  to  the  subjects  committed  to  them 


Novcmbor.  1!)I7.1  SOCIETY    ITKMS   OF    IXTKKEST 


G49 


Noveiiilifi-.  1!I17.  I  SOCIirrV    ITKMS   OF    IX'l'KHEST 


G51 


It 


Ndvrinhor,  l!ll7.|  SOCIKTV    I'l'KMS   OF   IN'J'liREST  653 

such  attention  as  tlicy  certainly  deserved,  nor  would  it  be  possible  for 
him  in  the  future  to  do  any  better,  and  the  Board  felt  bound  to  respect 
his  wishes.  Hugh  L.  Cooper,  M.  Am.  Soe.  C.  E.,  of  New  York  City, 
was  appointed  to  serve  in  his  stead. 

Architectural  Adviser. — Fulluwinj^'  the  customary  proper  procedure 
in  such  cases,  as  recommended  by  the  National  Commission  of  Fine 
Arts,  the  first  step  of  the  Committee  was  to  employ  a  competent  archi- 
tectural adviser  to  advise  them  as  to  the  best  site  for  the  purpose  in 
the  City  of  Washington  and  the  best  memorial  treatment  of  that  site. 
The  architect  selected  was  Mr.  Glenn  Brown  of  Washington,  who  had 
been  recommended  as  a  man  of  eminence  in  his  profession  and  through 
his  intimate  touch  with  the  established  plans  for  the  harmonious 
development  of  the  National  Capital  well  fitted  for  this  important 
duty.  The  following  report  of  the  architectural  adviser  explains  the 
steps  taken : 

Report  of  Architectural  Adviser. — "In  connection  with  the  loca- 
tion of  the  Xoble  memorial  T  have  studied  many  of  the  triangular 
parks,  like  those  on  Pennsylvania  Avenue,  the  park  south  of  the 
War  Department,  the  advisability  of  planting  it  somewhere  on  the 
Mall,  and  the  approaches  to  the  important  bridges. 

''After  careful  consideration  I  have  determined  that  such  a  memo- 
rial could  not  appropriately  be  placed  on  any  of  the  above  mentioned 
sites, — in  some  cases  because  of  the  area  being  insufiicient,  in  others 
because  I  have  felt  no  monument  should  be  placed  in  the  park,  their 
form  not  being  suitable  for  such  adornment, — and  in  others  because 
of  a  lack  of  appropriateness  in  placing  an  engineer  in  an  isolated 
position  with  unsympathetic  surroundings. 

"For  many  years  I  have  felt  that  small  statues  and  monuments  in 
Washington  have  been  placed  in  a  haphazard  and  thoughtless  way 
about  the  city.  All  I  think  will  agree  that  some  plan  should  be  devised 
by  which  they  could  be  grouped,  not  as  monotonous  and  detrimental 
adjuncts,  but  so  that  they  w^ould  increase  the  interest  and  add  to  the 
beauty  of  buildings  and  landscape.  We  might  group  literary  men 
around  the  Library,  statesmen  around  the  Capitol,  warriors  at  the 
War  College,  scientific  men  in  connection  with  the  Smithsonian 
Institute,  etc. 

"While  a  plan  of  this  kind  might  easily  become  disastrous,  yet  if  com- 
petently designed  as  a  part  of  the  park  in  scale  with  the  buildings  there 
can  be  no  question  but  that  it  would  add  to  the  interest  and  beauty 
of  this  city. 

"This  idea  has  been  one  of  the  controlling  factors  in  my  selection 
of  Rawlins  Park  adjoining  the  Department  of  the  Interior  on  the  south, 
as  the  proper  site  for  a  memorial  to  an  eminent  engineer  selected  by 
his  associates  as  one  fitting  to  be  commemorated  in  the  Capital  City, 
as    this    Department    contains    several    of    the    important    engineering 
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branches  of  the  Government.  I  feel  that  important  streets  interrupted 
by  the  park  and  the  Interior  Department  Building,  the  most  imposing 
structure  in  the  vicinity,  should  be  recognized  in  the  placing  of  this 
statue,  and  in  the  planting  and  the  walks  of  the  park.  It  will  be 
acknowledged  by  those  who  have  studied  the  question  that  the  parks 
and  their  adornments  have  been  treated  in  most  cases  as  distinct 
entities,  separated  from  the  city  and  not  a  part  of  the  city  system.  As 
I  consider  this  method  wrong  for  parks  in  the  city  intimately  connected 
with  the  streets  and  buildings,  I  am  recommending  that  Kawlina 
Square  have  its  walks  and  planting  and  the  memorial  located  so  as 
to  relate  to  such  streets  as  New  York  Avenue  and  the  new  Interior 
Department  Building,  thus  making  it  a  harmonious  part  of  its  sur- 
roundings. While  my  first  thought  was  to  place  the  memorial  on 
the  south  of  the  square  on  the  axis  of  the  Department,  with  an  open 
view  bounded  by  trees  and  some  formal  planting  on  lines  following 
the  central  part  of  the  building,  this  required  a  walk  deflecting  the  line 
of  New  York  Avenue  which  will,  as  the  Riverside  Park  is  completed, 
become  one  of  the  important  drives  of  the  city.  I  have  recommended 
the  carrying  of  the  line  of  New  York  Avenue  through  the  park,  not 
as  a  street,  but  as  an  open  view,  with  trees  planted  far  enough  apart 
to  prevent  the  obstruction  of  this  view  in  the  future  and  with  the 
grass,  plants  and  walks  on  this  axis  while  connecting  the  park  with 
the  system  of  the  city  streets  also  gives  the  most  direct  line  for  foot 
traffic. 

"To  connect  the  design  with  the  Departmental  Building  I  propose 
that  the  center  of  the  park  leading  up  to  the  memorial  be  confined  to 
low  rather  formal  planting  following  the  lines  of  the  center  portion 
of  the  building,  thus  giving  an  open  view  by  their  future  growth.  I 
find  by  an  examination  of  the  trees  in  this  park  that  the  largest  part 
are  maples  in  the  last  stages  of  decay — lacking  in  form  and  beauty; 
others,  while  sovmd,  are  not  of  sufficient  importance  to  prevent  a 
replanting  of  the  park  to  join  it  to  its  surroundings. 

"As  to  the  character  of  the  memorial  I  recommend  that  it  take  the 
form  of  a  fountain  with  large  scale  architectural  features  and  forceful 
symbolic  figures,  typifying  the  joining  of  the  Great  Lakes,  one  of 
Alfred  Noble's  greatest  achievements  in  the  public  service.  I  would 
also  recommend  that  the  representation  of  the  engineer  be  confined 
to  a  low  relief  which  will  form  a  part  of  the  composition.  This  will 
give  the  sculptor  an  opportunity  to  express  his  ideas  in  an  ideal  and 
poetic  way  and  not  confine  him  to  the  prosaic  use  of  modern  costume. 

"I  submit  with  this  sketches  in  explanation  of  my  recommendations 
of  the  relation  of  the  park  to  the  memorial  and  the  suggested  character 
of  the  memorial,  not  with  the  idea  of  binding  the  artist  to  a  fixed 
design  but  simply  to  explain  my  report  clearly. 

"I  have  determined  to  recommend  Mr.  Paul  Bartlett  as  the  sculptor 
to  do  the  work  and  would  recommend  leaving  to  him  the  selection  of 
a  design  for  architectural  features. 

"I  recommend  Mr.  Bartlett  because,  while  an  American,  he  has  an 
established  reputation  abroad  and  now  has  one  of  the  most  notable 
pieces  of  sculpture  to  be  erected  in  this  country  in  the  pediment  of 
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View  Looking  Directly  East. 


View  Looking  Directly  West. 
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till'  (iipitiil,  iiiid   lull  size  models  showing-  skill,  taste,  and  good  judg- 
ment. 

"This  Avork  has  caused  him  to  live  in  Washington  a  large  part  of 
the  iiast  few  years  and  has  hrought  him  in  sympathy  with  the  develop- 
ment of  the  city." 

Site  Adopted  by  Committee. — Upon  receipt  of  this  report  the  Com- 
mittee held  a  meeting  in  Washington,  going  over  the  report  and  inspect- 
ing the  site  recommended  by  the  adviser.  The  site  appeared  to  them 
a  particularly  fortunate  one,  and  was  accepted  without  delay.  Before 
formal  adoption  of  these  recommendations  by  the  Committee  the 
National  Connnission  of  Fine  Arts  had  as  a  matter  of  courtesy  reviewed 
the  recommendations  of  the  expert  adviser  as  to  location  and  general 
scheme,  and  found  them  acceptable  as  promising  the  best  artistic  results. 

Sculptor  Selected. — The  question  of  selecting  a  satisfactory  sculp- 
tor was  then  taken  up.  The  export  adviser  had  recommended  as  his 
first  choice  Mr.  Paul  Bartlett  but  had  also  submitted  two  alternative 
names.  Before  accepting  the  adviser's  recommendation  the  Committee 
inspected  photographs  of  the  executed  works  of  many  other  sculptors 
than  the  three  mentioned  and  later  inspected  some  of  Mr.  Bartlett's 
executed  works.  The  Commission  of  Fine  Arts,  in  acceding  to  the 
request  for  an  opinion  as  to  the  site,  the  type  of  memorial  suggested, 
and  the  choice  of  a  designer,  had  approved  all  as  recommended  by 
our  architectural  adviser;  and  in  reviewing  the  sculptors  suggested 
by  him  had  stated  that  any  selection  from  the  list  prepared  would  give 
the  Society  good  results.  Mr.  Bartlett  was  selected  and  the  offer  of 
the  commission  made  to  him.  He  accepted,  and  chose  as  his  architec- 
tural collaborators  Messrs.  Glenn  Brown  and  Bedford  Brown,  the 
first  of  whom  had  acted  as  expert  adviser  to  the  Committee. 

Design  Proposed. — The  sculptor  and  architects  proceeded  imme- 
diately upon  their  study  of  the  problem  and  after  preparation  of  many 
plans  and  studios  and  models,  not  only  of  the  fountain  itself  but  of 
the  whole  part  treatment,  finally  evolved  the  design  which  is  sub- 
mitted herewith.     They  describe  the  result  of  their  efforts  as  follows : 

"The  designs  shown  in  the  models  for  the  Alfred  Noble  Memorial, 
while  they  commemorate  the  character  and  accomplishments  of  the 
great  engineer,  are  regulated  by  the  act  of  Congress  fixing  its  char- 
acter as  a  fountain  and  by  its  location  in  Rawlins  Square,  south  of 
the  new  Interior  Department  Building. 

"The  center  of  the  square,  after  thorough  study,  was  considered 
the  best  location.  The  planting  suggested  for  the  memorial  shows 
an  open  court  facing  the  central  portion  of  the  new  Interior  Depart- 
ment Building,  giving  the  most  imposing  view  from  this  point,  and 
binding  it  in  with  this  Department  in  which  the  principal  engineering 
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l)raiiches  of  the  Government  are  housed.  The  diagonal  lines  direct  for 
traffic  are  kept  open,  giving  a  diagonal  view  of  the  memorial,  the 
second  most  imposing  view.  The  oblong  character  of  the  fountain 
was  adopted  because  it  seemed  to  fit  most  logically  with  the  form  of 
the  Square.  It  was  determined  that  it  should  be  made  low  and  massive 
as  befitting  the  solidity  and  permanence  of  engineering  work.  After 
studying  and  discarding  many  compositions  based  on  the  above  ideas, 
the  models  shown  here  have  been  selected  as  combining  best  the 
features  desired — a  fountain  befitting  the  site,  and  a  memorial  to  an 
eminent  engineer,  symbolizing  by  its  form  and  sculpture  the  character 
of  the  man  and  his  life. 

"The  dominant  architectural  element  is  the  large  elliptical  bowl, 
set  on  a  solid  base  and  flanked  by  the  dominant  sculptural  element, 
two  strong  seated  figures.  The  memorial  will  rise  from  a  large 
basin  of  water,  37  ft.  wide  and  63  ft.  long,  surrounded  by  a  wide 
stone  coping,  indicating  the  form  of  the  composition,  making  it  a  part 
of  the  memorial,  and  for  this  reason  dominating  the  water  surface. 

"The  sculptural  figures  are  intended  to  show  the  strong  elements 
in  Alfred  Noble's  character — thought  in  preparation,  force  in  execu- 
tion. Each  figure  will  hold  a  scroll  upon  which  will  be  carved  an 
example  of  the  work  by  which  Alfred  Noble  is  so  well  known  and 
appreciated.  Properly  placed  on  the  coping  beneath  the  figures  will 
be  inserted  descriptive  lettering.  Directly  below  the  name  on  the 
base  will  be  a  large  cartouche,  on  which  there  will  be  a  relief  portrait 
standing  out  prominently  in  the  central  position  on  each  of  the  long 
sides  of  the  memorial. 

"The  display  as  a  fountain  will  be  imposing  and  attractive.  The 
water  will  rise  in  a  large  mass,  falling  into  and  overflowing  from  a 
small  bowl  into  the  large  oval  bowl.  From  the  large  bowl  it  will 
overflow  into  the  great  basin  at  the  ground  level.  Water  jets  will 
flow  into  the  large  basin  from  the  dolphins  on  the  base.  Minor  jets 
are  proposed  on  the  long  axis  in  the  subordinate  centers  of  the  large 
basin.  While  this  play  of  water  will  make  the  memorial  attractive 
as  a  fountain,  the  sculptural  and  architectural  composition  will  be  an 
imposing  memorial  independent  of  the  flow  of  water. 

"To  give  the  memorial  distinction  and  avoid  the  combination  of 
bronze  and  stone,  which  has  become  commonplace,  it  has  been  deter- 
mined to  use  stone  for  both  the  architectural  and  sculptural  features,  so 
we  can  easily  obtain  harmony  in  color  between  the  sculpture  and  archi- 
tecture and  emphasize  and  contrast  important  features  of  the  design 
by  different  methods  of  tooling.  Granite  is  the  most  desirable  because 
of  durability  and  the  easy  possibilities  of  contrasting  methods  of  sur- 
face treatment.  The  color  which  is  considered  preferable  is  a  green 
granite,  like  the  Eockport  granite.  It  is  proposed  to  have  the  architec- 
tural portions  fine  cut  rubbed  or  honed,  while  the  sculptural  work  will 
be  honed,  combined  with  polishing  high  lights. 

"As  a  statue  in  modern  clothes  looks  crude  and  in  a  little  while  ridic- 
ulous, a  realistic  treatment  has  been  avoided  and  the  memorial  will 
perpetuate  the  work  and  express  the  character  of  Alfred  Noble,  as  by  his 
mind  and  its  products  future  generations  will  know"  and  honor  him. 
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View  Looking  Southwest  on  the  Axis  of  New  York  Avunue. 
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"To  make  the  iiKnnorial  iiulividual  and  intimate  a  portrait  relief, 
showing  his  i)h,ysical  features  and  expressing  his  inner  spirit  has 
heen  given  tlie  most  prominent  pUice  in  the  composition." 

Cost.— The  ]\rcniorial  as  planned  will  cost  $45  000.  This  is  for 
the  main  memorial  composition  itself.  The  United  States  Govern- 
ment at  its  own  expense  has  already  undertaken  the  development  of 
the  park,  which  will  permit  the  proper  setting  for  the  fountain  when 
erected  in  accordance  with  the  artist's  plans. 

Approved   by  the  Committee  and  the    Fine  Arts   Commission. — 

it  is  Ix'lieved  that  the  design  when  executed  will  bo  dignified  and 
heautiful,  and  an  object  of  pride  to  the  profession.  It  has  met  with 
the  approval  of  the  National  Fine  Arts  Commission,  under  whose  juris- 
diction the  decision  as  to  the  artistic  character  of  memorials  in  the 
City  of  Washington  has  been  placed  by  law,  which  also  ensures  a  work 
of  art  of  the  first  order. 

Location  Authorized  by  Law. — Through  the  efforts  of  your  Com- 
mittee, Congress,  on  May  8th,  1916,  granted  the  following  permission 
to  the  American  Society  of  Civil  Engineers: 

''Eesolved  by  the  Senate  and  House  of  Representatives  of  the  United 
States  of  America  in  Congress  assembled.  That  the  Chief  of  Engineers, 
United  States  Army,  be,  and  he  is  hereby  authorized  and  directed  to 
grant  permission  to  the  American  Society  of  Civil  Engineers  for  the 
erection  on  public  grounds  of  the  United  States  in  the  City  of  Washing- 
ton, District  of  Columbia,  other  than  those  of  the  Capitol,  the  Library 
of  Congress,  and  the  White  House,  of  a  memorial  fountain  to  Alfred 
Noble,  a  civil  engineer  of  distinguished  ability  in  connection  with 
Government  work,  whose  services  have  been  of  conspicuous  benefit 
to  the  country :  Provided,  That  the  site  chosen  and  the  design  of  the 
memorial  fountain  shall  be  approved  by  the  Commission  of  Fine  Arts, 
and  that  the  United  States  shall  be  put  to  no  expense  in  or  by  the 
erection  of  the  said  memorial  fountain :  Provided  further,  That  if  the 
erection  of  this  memorial  foimtain  shall  not  be  begun  within  three 
years  from  and  after  the  passage  of  this  resolution  the  permission 
granted  may,  in  the  discretion  of  the  Chief  of  Engineers,  be  revoked 
at  any  time." 

Every  provision  except  the  last  one  of  this  legislative  enactment 
has  been  complied  with.  If  work  is  not  undertaken  within  three  years 
the  permission  to  erect  this  memorial  may  be  withdrawn,  and  the 
site  be  made  available  for  the  erection  of  some  other  memorial  for 
which  there  is  always  great  pressure. 

Present  Condition  of  Work. — This  is  showm  by  the  illustrations 
accompanying  this  report,  which  are  from  photographs  of  a  full  size 
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model  of  the  Memorial,  made  in  plaster.  The  United  States  Govern- 
ment has  already  graded  the  park  and  built  permanent  cement  walks 
as  planned  by  the  architect,  and  the  planting  of  trees  and  shrubbery 
will  follow  at  the  proper  time.  The  Memorial  in  plaster  will  last 
until  it  can  be  replaced  by  permanent  granite.  In  the  meantime, 
engineers,  and  the  public  generally,  have  the  opportunity  of  judging 
the  quality  and  appropriateness  of  the  design,  which  will  be  closely 
followed  in  granite,  subject  to  minor  changes  which  may  be  pro- 
posed by  the  sculptor  or  the  National  Fine  Arts  Commission. 

Time. — The  time  required  for  the  construction  of  a  work  of  art  is 
disappointing  to  engineers,  accustomed  to  regard  time  as  an  essential 
factor  in  construction.  Your  Committee  has  sometimes  chafed  under 
what  appeared  to  be  unnecessary  delays,  but  it  believes  we  have  moved 
as  speedily  as  in  the  case  of  other  monuments  in  the  City  of  Wash- 
ington, and  having  reached  a  satisfactory  conclusion  as  to  the  size  and 
character  of  the  Memorial,  it  feels  that,  on  looking  backward,  it  has  ac- 
complished as  much  progress  as  could  be  expected  under  the  conditions 
which  have  prevailed  in  the  three  years  since  it  was  appointed.  If  the 
conditions  were  favorable  we  would  now  be  asking  for  subscriptions 
and  proceeding  with  the  permanent  work.  All  Members  know  with- 
out explanation  from  the  Committee  that  the  present  is  not  a  good 
time  to  invite  engineers  to  subscribe,  nor  to  attempt  the  quarrying, 
the  transportation  and  the  carving  and  erection  of  the  granite  work. 
When  the  right  time  comes,  and  we  devoutly  hope  it  is  not  far  away, 
we  will  be  ready  to  proceed  with  all  reasonable  progress.  At  present 
we  ask  engineers  to  keep  in  mind  the  wish  to  finish  this  Memorial 
designed  to  honor  the  profession  as  it  was  represented  by  Alfred 
Noble.  Your  Committee  is  ready  at  the  return  of  normal  conditions 
to  complete  its  task  in  a  manner  that  we  believe  will  be  gratifying  to 
the  profession. 

Respectfully  submitted, 

Onward   Bates 
Samuel  Rea 
Samuel  H.  Hedges 
F.  H.  Newell 
W.  W.  Harts 
Chas.   Warren  Hunt 

The  Committee  has  been  unable  to  secure  the  signature  of  Maj. 
Hugh  L.  Cooper,  who  is  in  the  Government  service  "somewhere  in 
France." — Secretary. 
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Civil  Engineers  for  War  Service 

The  United  States  Government  is  making  demands  constantly  for 
eivil  enjiineers  for  service  in  tlie  United  States  and  abroad,  and  though 
hundreds  are  now  in  the  service,  as  commissioned  officers  or  civilians, 
more  are  needed,  and  will  still  be  needed  after  the  war  ends,  to  carry 
on  reconstruction  and  improvement  operations  on  a  large  scale,  in 
tlie  countries  where  the  armed  conflicts  have  been  waged. 

One  of  the  functions  of  the  Engineering  Council,  recently  organized 
by  the  four  Founder  Societies,  is  to  collect  and  classify  information 
about  engineers  in  all  branches  of  the  profession,  and  to  aid  the  Gov- 
ernment in  securing  the  right  men  as  needed.  This  information  is 
lieing  assembled,  and  is  to  be  kept  in  a  central  place,  probably  the 
Engineering  Societies  Building  in  New  York  City. 

The  American  Engineering  Service  Committee,  appointed  by  the 
Engineering  Council  for  the  purpose  of  obtaining  information  aboyt 
engineers,  has  already  been  enabled  to  aid  the  Government  in  many 
cases. 

Some  of  the  engineering  societies  have  been  collecting  information 
by  sending  question  sheets  to  their  members.  So  many  of  such  question 
sheets  have  been  sent  out  by  various  organizations  that  they  have 
become  a  burden  to  not  a  few  engineers.  Therefore,  at  a  recent  meeting 
of  the  Board  of  Direction,  it  was  voted  that,  instead  of  sending  a 
question  form  to  all  members  of  this  Society,  this  notice  should  be 
printed  in  the  Proceedings,  inviting  all  those  interested  to  send  to  the 
Secretary  specific  information  concerning  their  willingness  to  accept 
Government  service  at  home  or  abroad,  their  preferred  specialties,  their 
titness  and  experience  therein,  and  approximately  the  rate  of  remuner- 
ation that  would  be  accepted.  For  convenience  of  use,  all  statements, 
received  in  response  to  this  notice  must  be  classified  and  indexed.  It 
will  expedite  this  work  if  those  who  respond  to  this  notice  will  use, 
as  far  as  practicable,  the  designations  of  the  brief  classification  printed 
below;  if  these  are  wholly  inappropriate  in  certain  unusual  cases,  other 
designations,  of  course,  may  be  used. 

Ponding  the  formation  of  a  list  of  civil  engineers  available  for 
war  service  from  the  responses  to  this  notice,  the  representative  of 
the  American  Society  of  Civil  Engineers  on  the  American  Engineering 
Service  Committee,  with  the  assistance  of  a  number  of  members 
residing  at  focal  points  of  engineering  activity,  has  prepared  a  partial 
list  of  "Civil  Engineer  Specialists  for  War"  who  might  be  available 
for  various  kinds  of  service,  especially  men  of  experience  who  could 
give  advice  in  different  problems  or  suggest  names  of  men  suited  to 
subordinate  positions.     An  important  object  of  this  notice  is  to  inform 
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the  membership  at  large  of  the  existence  of  this  partial  list,  and  the 
desire  to  create  a  more  complete  list,  so  that  all  who  wish  to  be  con- 
sidered for  Government  service  may  have  their  names  on  file  in  a 
place  to  which  inquiries  for  engineers  will  be  directed.  Of  course,  it 
cannot  be  guaranteed  that  such  filing  of  one's  name  will  secure  a 
Government  engagement,  or  even  that  it  will  surely  bring  some  coveted 
opportunity.     It  may  help  both  the  individual  and  the  Government. 


Classification 
To  be  Used  in  Connection  with 
Listing  Civil  Engineers  for  War  Service 


Note. — In  replying,  members  may  use 
special  work  for  which  they  are  qualified. 
A, — Construction  Work,  Contracting 

1  Earthwork 

2  Quarrying 

3  Rock  excavation 

4  Highways 

5  Railroads 

6  Steel  bridges 

7  Steel   frame  buildings 

8  Reinforced    concrete   buildings    and 

bridges 

9  Concrete  and  stone  masonry 

10  Water-works 

11  Sewerage 

B. — Structural  Engineering 

1  Concrete   and   stone  masonry 

2  Reinforced   concrete 

3  Timber   construction 

4  Arches  : — concrete,      stone,      brick, 

steel,    iron 

5  Trusses,    girders,    building    frames, 

roofs 

6  Movable    bridges 

7  Cantilever  and  suspension  bridges, 

viaducts 

8  Bridge-shop   practice,   shop   inspec- 

tion 

9  Bridge   erection,    falsework,    equip- 

ment 

10  Bridge  painting 

11  Coal  storage  plants 

12  Grain  elevators 

13  Factories    and    mill    buildings 

14  Fire   prevention   and  protection 
C — Foundations 

1  Underpinning,  shoring 

2  Timber  piles 

3  Concrete   piles 

4  Metal   piles 

5  Pneumatic   and   open    caissons 
D. — Surveying 

1  Topographic  surveying 

2  Geodetic  surveying,  triangulation 

3  Diamond   and   shot   drilling,   wash- 

boring 
E. — Railroads 

1  Location 

2  Construction,    and    maintenance   of 

permanent    way 

3  Yards    and    terminals 

4  Signals   and   signaling 

5  Traffic   management 

6  Mountain   railways 

7  Aerial  tramways 

8  Industrial   railways 


the  letters  and  figures  in  designating  the 

F.- — Street   Railioays 

1  Location 

2  Construction  of  track,  maintenance 

3  Electrolysis,    leakage 
G. — Municipal   Planning 

1  City   and   town   planning 

2  Industrial    towns 
//. — Highwaiis 

1  Location 

2  Earth  and  sand-clay  roads 

3  Water-bound  surfacing 

4  Bituminous  pavements  and  surfaces 

5  Cement    concrete    pavements 

6  Brick  and  block  pavements   (stone, 

wood,  asphalt) 

7  Maintenance 

/. — Hydrology,  Hydraulics,  Dams 

1  Hydrology,   water   resources 

2  Earthen,      hydraulic-fill,       rock-fill 

dams 

3  Timber  dams 

4  Masonry,   reinforced  concrete  dams 

5  Movable  dams 
J. — Waterways 

1  Dredges   and   dredging 

2  Coast    erosion    and    protection 

3  Breakwaters   and   jetties 

4  Harbors,    roadsteads,    and    anchor- 

ages 

5  Bulkheads,    dock    and    quay    walls, 

docks  and  piers,   wharves 

6  Canals 

7  River    regulation    and    canalization 
K. — Water-works 

1  Purification  of  water 

2  Aqueducts,  conduits,  open  channels 

3  Pumping  plants 

4  Stand-pipes  and  tanks 

5  Mains   and   services 

6  Rural  and  isolated  water  supply 
L. — Water  Poicer 

1  Water  power,  hydro-electric  plants 
M. — Sanitation 

1  Sewerage  systems 

2  Sewage   disposal 

3  Camp    sanitation 

4  Refuse  disposal 

5  Industrial  and  factory  sanitation 
A''. — Tunnels  and  Shafts 

1  Shaft    sinking 

2  Tunneling    and    drifting 

3  Timbering,    metal    supports 

4  Masonry  lining,  grouting 

5  Drainage,   unwatering 
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Report  of  the  Secretary  on  the  Society's  New  Headquarters 

OCTOHKK   r.TII,    1917. 
lo  THK  EOAKD  OV   DlUI-X'TlOX, 

American  Society  of  Civil  En(;l\keks: 

The  undersigned  respectfully  reports  on  various  matters  which,  as 
Secretary  of  the  Society,  and  as  a  member  of  tlie  Buikling  Committee 
of  the  U.  E.  S.,  have  been  under  his  care  since  building  operations  were 
undertaken  last  year. 

The  three  stories  added  to  the  United  Engineering  Building  had  to 
be  carried  on  steel  columns  running  through  the  building,  inasmuch 
as  the  walls  were  not  built  to  carry  additional  load.  This  necessitated 
a  preliminary  contract  for  this  work.  The  Wells  Construction  Com- 
pany carried  this  work  out  on  a  percentage  basis,  the  approximate  cost 
being  $60  000. 

Due  to  various  causes,  it  was  not  possible  to  get  plans  and  specifica- 
tions ready  so  that  the  second  contract  could  be  put  out  for  competitive 
bidding,  and  the  prices  of  all  material  were  advancing  so  rapidly  that 
an  agreement  was  entered  into  with  the  Wells  Construction  Company, 
after  careful  figuring,  on  the  basis  of  the  then  prices  (November,  1916) 
at  an  upset  figure  including  his  percentage  of  7%.  We  were  fortunate 
in  being  able  to  secure  the  steel  with  only  about  30  days'  delay  in 
delivery. 

The  original  estimate  of  the  cost  of  the  addition  at  the  time  the 
matter  was  first  proposed  was  about  $210  000,  but,  in  order  to  cover  con- 
tingencies, $225  000  was  considered  ample  to  carry  out  the  work.  The 
American  Society  of  Civil  Engineers  agreed  to  pay  the  cost  of  the  build- 
ing, not  to  exceed  $250  000. 

The  building  will  cost  $300  000,  the  additional  $50  000  being  met  by 
assessments  on  the  four  Founder  Societies,  so  that  the  total  amount  to 
be  paid  by  this  Society  will  be  $262  500. 

All  of  this  has  been  paid  with  the  exception  of  the  additional  assess- 
ment of  $12  500. 

It  is  a  matter  of  congratulation  that  this  work  has  been  carried  to 
completion  without  any  serious  accident  of  any  kind,  and  without  very 
serious  inconvenience  to  the  many  societies  occupying  the  building. 

Tlie  lay-out  of  the  floors  to  be  occupied  by  this  Society  was  made  by 
the  undersigned  with  a  view  to  utilizing  every  available  foot  of  space 
and  to  secure  good  light.  This  was  the  more  necessary  inasmuch  as 
the  area  of  these  two  floors  is  much  less  than  that  of  the  lower  floors. 

Briefly,  the  Society  will  occupy  the  entire  15th  floor,  and  about  two- 
thirds  of  the  16th  or  top  floor.  In  all  there  are  11  main  rooms.  On  the 
15th  floor  there  are: 

(1)  The  office  of  the  Secretary,  entrance  to  which  is  at  the  right  of 
tlic  elevators. 
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(2)  The  Reading  Room,  directly  opposite  the  elevator,  the  entrance 
to  which  will  be  the  main  entrance  to  the  Society  rooms.  This  room  is 
51  by  26  ft.,  and  looks  out  over  Bryant  Park  to  the  north.  It  is  paneled 
in  oak,  and  when  used  by  our  members,  in  connection  with  the  Library, 
will,  it  is  believed,  practically  take  the  place  of  the  present  Reading 
Room  in  57th  Street. 

(3)  The  Board  Room.  This  room,  which  is  43  by  24  ft.,  is  on  the 
south  side  of  the  building,  directly  opposite  the  Reading  Room,  a  6-ft. 
hallway  separating  them.  This  room  is  paneled  with  mahogany,  and 
the  furniture  for  it,  which  has  been  specially  designed,  is  also  of  ma- 
hogany, and  consists  of  4  tables  and  30  chairs.  The  tables  are  designed 
so  that  they  can  be  placed  together  making  a  table  24  by  6  ft.,  or  can 
be  separated  and  used  as  imits  6  by  6  ft.,  and  when  necessary  can  be 
made  into  tables  6  by  3  ft.  to  set  against  the  wall  and  take  up  very 
little  room.  In  the  partitions  between  these  rooms  and  the  hallway, 
two  8-ft.  openings  opposite  each  other,  with  sliding  doors,  have  been 
arranged,  so  that  the  two  rooms  can  be  thrown  together,  practically 
forming  one  large  room  averaging  57  by  47  ft. 

(4)  General  Office.  A  large  room  covering  the  east  side  of  the 
building  59  by  37  ft.  Here  will  be  located  the  general  office  force.  A 
service  stairway,  which  will  practically  be  a  private  stairs  for  this 
Society,  gives  access  to  the  16th  floor,  where,  on  the  east  side  of  the 
Building,  there  are  four  small  offices,  as  follows:  (5)  Rest  Room  for 
women,  (6)  For  Bookkeeper,  (7)  Editorial  Department,  (8)  Applica- 
tions Department. 

Three  other  large  rooms  are  available  for  Committee  rooms,  or  what- 
ever use  may  develop  in  the  future.  They  are:  (9)  24  by  20  ft.,  (10) 
22  by  24  ft.,  (11)  36  by  23  ft.,  these  figures  being  approximate. 

A  doorway  in  the  hall  separates  that  part  of  the  floor  to  be  used  by 
the  Society  from  3  rooms  which  are  available  for  renting  by  the 
U.  E.  S.,  and  to  which  access  is  obtained  through  the  elevator  and 
iiallway  without  passing  through  the  quarters  of  the  Society. 

In  the  budget  of  last  year  an  item  of  $20  000  was  placed  to  cover  the 
necessary  furniture  for  the  new  quarters,  and  subsequently  the  under- 
signed was  authorized  to  contract  for  the  paneling  of  the  Reading 
Room  and  Board  Room,  the  estimated  cost  of  which  was  $5  000,  not 
including  architect's  fee,  the  total  extra  appropriation  being  $25  000. 

It  has  been  found  that  a  great  deal  of  the  furniture,  which  has  been 
in  use  for  just  20  years,  is  perfectly  good,  if  renovated;  in  fact,  it  is 
doubtful  if  it  would  be  possible  to  secure  such  excellent  material  at  the 
present  time,  and  it  is  certain  that  the  expense  would  be  very  great. 
All  the  furniture  in  our  present  Reading  Room  has  been  entirely  done 
over,  and  will  be  used  in  the  new  Reading  Room. 
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111  1S97  we  had  8  rugs  made;  these  have  been  in  constant  use  for 
20  years,  and  they  are  still  in  very  good  condition.  To  give  some  idea 
of  the  chancres  in  price,  a  large  rug  which  was  made  specially  for  use 
in  our  Reading  Room,  and  for  which  the  Society  paid  $450,  has  been 
stated  by  one  rug  man  to  he  worth  about  $2  000. 

A  few  extra  desks  and  chairs  have  been  purchased  to  replace  some 
which  were  not  fit  to  renovate.  The  total  approximate  amount  which 
will  be  spent  for  paneling  and  furniture,  including  metal  shelving,  is 
'Yl3  222,  or  a  little  more  than  half  the  appropriation. 

Attached  to  this  report  are : 

(A)  A  statement  of  the  financial  condition  of  the  Society  on  October 
1st,  and  of  the  obligations  which  it  will  have  to  meet  to  December  1st, 
which  shows  a  total  estimated  deficit  of  $26  086.71  on  December  1st, 
r.tlT.  , 

(B)  Statement  of  the  cost  of  furniture. 

The  actual  building  operations  would  have  been  very  nearly  finished 
about  the  first  of  October,  but  the  paneling  in  the  two  large  rooms, 
which  is  not  part  of  the  original  contract,  was  undertaken  as  special 
work  for  this  Society,  which  would  necessarily  delay  our  moving  in 
for  some  time.  In  view  of  these  circumstances,  the  Secretary  agreed 
with  the  President  of  the  U.  E.  S.  that  all  interest  charges  on  amounts 
advanced  by  the  Society  (amounting  to  about  $4  891)  should  cease  on 
October  1st,  and  that  the  Society  should  begin  the  payment  of  rental 
on  November  1st.  This  practically  gave  us  a  month  in  which  to  get 
settled  in  our  new  quarters.  I  hope  the  members  of  the  Board  will  be 
able  to  visit  the  new  building  during  the  day. 

Inasmuch  as  a  final  draft  of  $15  000  on  the  mortgage  will  carry  the 
Society  through  very  well  for  its  ordinary  expenses  and  the  payments 
of  all  bills  for  furniture  and  moving,  until  after  the  first  of  December, 
when  it  will  be  in  funds,  I  took  up  the  question  of  the  date  of  payment 
of  the  $12  500  still  due  the  U.  E.  S.  with  Mr.  Chas.  F.  Rand,  President, 
U.  E.  S.,  and  he  stated  to  me  that  it  would  be  satisfactory  if  this  pay- 
ment were  deferred  to  December  at  some  date  prior  to  the  10th,  and  I 
recommend  that  this  action  be  taken,  because  if  we  do  not  draw  the 
additional  $12  500,  it  can  then  easily  be  spared  out  of  current  funds, 
and  our  total  mortgage  will  be  onl.v  $150  000,  and,  inasmuch  as  the  total 
cost  of  building,  extra  work,  furniture  and  moving,  will  bring  the  total 
amount  to  be  expended  by  the  Society  up  to  approximately  $276  000, 
$126  000  of  it  will  have  been  paid  out  of  current  funds. 

Respectfully  submitted, 

CiiAS.  "Warren  Hunt, 

Secretary. 

(Statements  (A)  and  (B)  follow  on  the  next  page.) 
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(A) 

Statement  re  Financial  Conditions 

OF  American  Society  of  Civil  Engineers 

Oct.  1st  to  Dec.  1st,  1917. 

Paid    to     United    Eng.     Society     (including     interest     of 

$4  891.67) $250  891.67 

United  Engineering  assessment 250  000.00 

Amount  due  Am.  Soc.  of  C.  E.  from  U.  E.  S.  Oct.  1st,  1917.        $891.67 

Balance  in  bank,  Oct.   1st,  1917 $6  594.97 

Receipts   Oct.   1st,   1917,  to  Dec.   1st,   1917   (on 

basis   of    1916) 9  210.00 

$15  804.97 
Ordinary   disbursements,    Oct.    1st   to   Dec.    1st, 

1917  (on  basis  of  1916) 17  061.25 

Deficit   (on  account  of  current  expenditures) .  .  $1  256.28 
To  he  provided  for: 

Furniture,  rugs,  etc.   (as  per  attached  list) $7  222.10 

Paneling   5  500.00 

Moving    500.00 

One-quarter  assessment  U.   E.   S.    ($50  000) 12  500.00  $26  978.38 

Total  deficit  Dec.  1st,  1917  (estimated  at) $26  086.71 

(Cash  receipts  Dec.  1st  to  Dec.  10th,  1916) $13  548.00 

(B) 
Furniture  Account. 

Linoleum   (estimate) $554.00 

Mahogany  furniture.  Board  Room 2  800.00 

Rug  for  Board  Room 832.00 

Renovating  old  furniture  (estimate) 563.00 

Drawing  Board 25.00 

Furniture  from  Quick  and  McKenna 672.55 

Furniture  from  Stanton  M.  Child : 

Stationery    cabinet $56.00 

Lockers   160.00  216.00 

Metal    shelving 700.00 

Cleaning  of  rugs 103.00 

Furniture  for  Rest  Room  (estimate) 100.00 

$6  565.55 
Add  10%  for  contingencies 656.55 

$7  222.10 
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Report  of  the  Library  Committee, 
American  Society  of  Civil  Engineers. 

"To  THK  EOARD  OF  DiRKCTioN,  "October  2,  1917. 

A-MKUicAN  Society  of  Civil  Engineers, 

"The  Library  Committee's  duties  and  responsibilities  have  been 
much  curtailed  by  various  actions  of  the  Board  and  by  events  with 
which  the  Board  is  familiar,  as  compared  vnth  the  requirements  of 
report  is  due  irom  iTat  Tins''time.''       ^  '''^"   ^"^' ^^"^   ' 

"The  books  and  pamphlets  of  the  Society's  library  which  were  not 
duplicates  of  those  already  in  the  United  Engineering'  Library  have 
been  moved  to  the  latter  library  and  shelved  temporarily,  pending  the 
completion  of  the  changes  in  the  library  space  in  the  Engineering 
Societies'  Building.  The  work  of  comparing  the  libraries  to  sort  out 
the  duplicates,  and  the  moving  of  the  67  000  accessions  from  the 
Society  House  to  the  U.  E.  S.  Library  and  placing  them  on  the  shelves 
ready  for  continuous  use,  while  paid  for  by  the  U.  E.  S.,  was  carried 
out  under  the  direction  of  the  Secretary  of  this  Society. 

"Of  the  duplicates,  22  000  have  been  disposed  of,  as  directed  by  the 
Board,  by  delivering  them  to  the  Cleveland  Association  of  Members 
of  the  American  Society  of  Civil  Engineers.  They  have  been  shipped 
to  Cleveland  and  placed  for  use  and  safekeeping  in  the  library  of  the 
Cleveland  Engineering  Society. 

"The  book-stacks  in  the  Society's  library  are  being  dismantled  and 
removed  to  the  United  Engineering  Library,  where  they  will  be  re- 
erected  as  speedily  as  practicable.  Certain  reference  books  and  the 
p>eriodicals  have  been  reserved  for  the  reading-room  in  the  Society's 
new  quarters,  to  which  they  will  be  taken  before  the  end  of  this  month. 

"Ilemoval  of  the  former  roof  of  the  Engineering  Societies'  Building 
and  other  operations  immediately  above  the  United  Engineering 
Library  necessitated  the  closing  of  the  library  for  two  periods  of  about 
one  week  each  during  the  summer.  Excepting  these  periods  and  the 
brief  time  occupied  in  moving  from  57th  Street,  the  books  have  been 
constantly  accessible  for  use. 

"By  resolution  of  the  Board  of  Direction,  the  ownership  of  that  por- 
tion of  the  Society's  library  which  was  moved  into  the  United  Engineer- 
ing Library,  was  formally  tendered  the  United  Engineering  Society,  but 
up  to  the  date  of  this  rei)ort,  no  formal  acceptance  had  been  received. 

"iSTo  progress  has  been  made  on  the  physical  part  of  the  work  of 
combining  the  four  collections  of  books  which  now  constitute  the 
United  Engineering  library,  because  of  conditions  created  by  the 
building  operations  and  the  fact  that  the  much  needed  additional  space 
and  shelving  have  not  been  ready.  Nevertheless,  this  matter,  including 
the  necessary  recataloguing  and  indexing  of  the  books,  has  been  receiv- 
ing the  careful  attention  of  Dr.  Craver,  the  Director  of  the  Library. 

"Other  matters  affecting  the  library  and  the  House  of  the  Society 
are  covered  by  the  rei)ort  of  the  Secretary. 

"Respectfully  submitted, 
"George  A.  H.\rwood,  •  Alfred  D.  Fltnn, 

Lewis  D.  Rights,  "0  hair  man." 

J.  V.  D.mES, 

Charles  Warren  Hunt, 

Alfred  D.  Flinn, 

"Lihrary  Committee." 
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Resolutions  Adopted  by  the 

Executive  Committee  of  the  Board  of  Direction  of  the 

American  Society  of  Civil  Engineers, 

November  ist,  1917. 

Whereas,  Congress  has  passed  an  act  known  as  the  War  Eevenue 
Act  of  1917;  and 

"traae  ^^nfl*" "DU^nSss'   fnclu9e"profi^ssi6ns  and  occupations";  and 

Whereas,  Section  209  of  said  act  states  "That  in  the  case  of  a  trade 
or  business  having  no  invested  capital  or  not  more  than  a  nominal 
capital  there  shall  be  levied,  assessed,  collected,  and  paid,  in  addition 
to  the  taxes  under  existing  law  and  under  this  act,  in  lieu  of  the 
tax  imposed  by  section  two  hundred  and  one,  a  tax  equivalent  to  eight 
per  centum  of  the  net  income  of  such  trade  or  business,  in  excess  of 
the  following  deductions :  in  the  case  of  a  domestic  corporation,  $3  000, 
and  in  the  case  of  a  domestic  partnership,  or  a  citizen  or  resident  of  the 
United  States,  $6  000,  in  the  case  of  all  other  trades  or  business,  no 
deduction";  and 

Whereas,  In  most  cases  the  professional  man's  earnings  constitute 
his  sole  income,  from  which  must  be  derived  the  capital  which  will 
yield  a  competency  for  himself  and  family,  and  inasmuch  as  these 
earnings  are  subject  to  the  established  income  tax,  including  super- 
taxes, this  same  income  should  not  be  taxed  further  as  if  it  were  excess 
profits,  when  as  a  matter  of  fact  it  is  not  excess  profits;  and 

Whereas,  It  is  discriminatory  and  unjust  to  tax  earned  income  at 
a  higher  rate  than  unef\rned  income;  and 

Whereas,  In  other  countries  where  incomes  are  taxed  the  tax  is 
heavier  on  unearned  than  on  earned  incomes,  thus  encouraging 
industry  and  thrift; 

Bcsolved,  That  in  the  opinion  of  the  Executive  Committee  of  the 
Board  of  Direction  of  the  American  Society  of  Civil  Engineers,  the 
provisions  in  Sections  200  and  209,  hereinabove  quoted,  should  be 
repealed  because  they  are  discriminatory  and  unjust. 

Resolved,  That  the  Secretary  be  and  he  is  hereby  directed  to  publish 
the  above  in  Proceedings,  and  to  send  copies  to  the  other  National 
Societies,  and  to  the  various  Associations  of  Members,  urging  similar 
action.  Also,  to  forward  copies  to  Hon.  F.  M.  Simmons,  Chairman 
of  the  Committee  on  Finance  of  the  Senate,  and  Hon.  Claude  Kitchin, 
Chairman  of  the  Ways  and  Means  Committee  of  the  House,  requesting 
the  repeal  of  the  above-mentioned  provisions  at  the  next  session  of 
Congress.  Also,  to  urge  each  member  of  the  Society  to  act  individually 
by  communicating  directly  with  his  representatives  in  Congress  along 
similar  lines." 
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Remission  of  Dues 

The  Secretary  has  hooii  authorized  to  inform  the  membership  that 
remission  of  duos  cannot  be  made  in  advance,  but  that  all  members 
of  the  Society  who  enter  the  United  States  Military  Service  will  be 
carried  on  the  rolls,  if  they  so  request,  until  the  War  is  over. 

"20  September  1917. 
"To  Tin:  Engineerinc  Fuixdation  Board 

"GE^■TLE^[EN:  As  this  meeting  terminates  the  year's  agreement  under 
which  the  Engineering  Foundation  has  appropriated  its  income  to  the 
National  Research  Council,  a  brief  summary  of  what  has  been  accom- 
plished seems  called  for. 

''The  Research  Council  was  organized  on  the  19  September  1916. 
The  Executive  Committee  was  appointed  at  that  meeting;  since  that 
date  two  other  meetings  of  the  Council  have  been  held,  one  in  Boston 
on  13-14  November,  and  the  other  in  Washington  on  19  April.  During 
the  intervals  between  the  meetings  of  the  Research  Council,  the  Execu- 
tive Committee  has  conducted  all  of  the  business  of  the  Council.  There 
have  been  twenty-nine  meetings  of  the  Executive  Committee,  thirteen 
in  Xew  York  up  to  the  first  of  May,  fifteen  in  Washington  subsequently, 
and  one  in  Boston. 

"The  meetings  in  New  York  were  devoted  to  the  organization  of 
the  Research  Council  and  especially  to  appointment  of  Committees. 
At  the  outset,  the  Council  had  no  very  clear  idea  of  the  way  in  which 
it  was  to  organize;  there  were  several  other  groups  of  scientific  men 
at  work,  among  them,  the  Research  Committee  of  the  American  Asso- 
ciation for  the  Advancement  of  Science  and  the  Engineering  Com- 
mittee of  the  Advisory  Commission  to  the  Council  of  National  Defense. 
Time  was  spent-  in  straightening  out  these  two  principal  complica- 
tions, both  of  which  were  satisfactorily  adjusted.  The  upshot  of  these 
negotiations  is  to  leave  the  Research  Council  as  the  only  representa- 
tive, national  body  of  research  men,  assisting  the  Government. 

''During  the  period  up  to  May,  the  Executive  Committee  in  New 
York  selected  carefully  the  personnel  of  some  twenty-five  principal 
committees,  and  of  a  large  number  of  sub-committees;  so  carefully 
were  these  chosen  that  of  the  entire  number,  several  hundred,  there 
have  been  only  one  or  two  declinations. 

"Some  of  the  important  steps  in  the  development  of  the  Research 
Council  are  the  establishment  of  the  Military  Section,  composed  of 
tlio  Members  of  tlie  Council  connected  with  the  Government  and  resi- 
dent in  Washington.  This  Section  put  the  Research  Council  into 
close  contact  with  the  most  important  officials  of  the  Army  and  Navy. 
From  it  has  grown  the  Washington  Office  of  the  Council,  and  the 
reeoguition  of  the  Research  Council  as  the  'Department  of  Science 
and  liescarch  of  the  Council  of  National  Defense,'  and  the  establish- 
ment of  tiie  Washington  Office  after  the  Council  of  National  Defense 
had  officially  recognized  the  Research  Council.     About  this  time  Dr. 
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Hale,  Chairman  of  the  Council,  appointed  Dr.  Millikan  to  be  Vice- 
Chairman  to  represent  the  Council  in  Washington,  and  Dr.  Millikan 
has  since  then  been  in  charge  of  the  work  of  the  Council. 

"At  the  request  of  the  Secretary,  Dr.  Millikan  has  prepared  a 
brief  report  of  some  of  the  work  of  the  Research  Council  during  its 
first  year,  which  is  appended  to  this  report.  It  shows  that  the  Research 
Council  has  been  active  in  much  of  the  important  work  under  way 
in  our  preparations  for  war^  and  that  jt  ha^X^Ute^iii-clf  tfouiiciT— how 
ntt  shourd  best  be  formed  and  what  scope  it  should  have.  In  April,  this 
was  worked  out  by  the  Chairman,  Mr.  Dunn,  most  satisfactorily  with 
the  cooperation  of  the  four  principal  Engineering  Societies.  This 
committee  has  since  been  one  of  the  most  active  of  the  Research 
Council,  under  the  efficient  handling  of  Dr.  Durand,  who  came  on 
from  California  to  act  as  head  of  the  office  in  Washington  and  under 
whom  the  work  of  the  Engineering  Committee  has  been  conducted. 
The  work  of  the  Secretary  for  the  last  few  months  has  been  principally 
with  Dr.  Durand  and  this  Committee. 

''The  funds  of  the  Engineering  Foundation  have  been  spent  in 
g^ieral  administrative  work,  that  is  to  say,  in  the  payment  of  traveling 
expenses,  expenses  of  committees,  stationery,  printing,  salaries,  etc., 
of  this  office,  principally.  Money  has  not  been  spent  directly  in  the 
solution  of  scientific  problems. 

''There  is  appended  a  brief  financial  statement,  showing  the  opera- 
tion of  the  Foundation  for  the  year,  resulting  in  a  surplus  of  $4  775, 
which  added  to  the  surplus  of  $11  670  on  16  September  1916,  makes  a 
surplus  at  this  date  of  $16  445.  Against  this  the  only  liability  is 
$1 000 ;  and  the  Foundation  has  in  this  office  furniture  and  fittings 
costing  $838. 

"The  Engineering  Foundation  at  its  meeting  in  January  approved 
a  budget  for  the  year  amounting  to  $12  510  for  the  Research  Council; 
subsequently,  it  authorized  $400  more  for  furniture,  in  all,  $12  910. 
The  total  amount  disbursed  on  account  of  the  Research  Council  to 
the  20  September  1917,  is  $10  445— that  is,  $2  465  less  than  the  amount 
appropriated. 

"The  Foundation,  in  July,  1916,  made  an  appropriation  of  $1  000 
to  Messrs.  Marx  and  Durand  of  California  for  researches  on  wear  of 
gears.  The  Secretary  has  recently  written  to  Prof.  Marx  asking 
whether  it  would  be  possible,  by  the  payment  of  expenses  already 
incurred,  to  release  the  Foundation  from  subsequent  expenses  in  this 
matter.  An  answer  was  requested  by  20  September,  but  none  has  yet 
been  received.  The  Foundation  may  be  released  from  the  obligation; 
but,  for  the  present,  it  should  be  assumed  that  this  $1  000  is  tied  up, 
leaving  available  for  other  purposes  of  the  Foundation  a  surplus  of 
$15  445. 

"The  Engineering  Foundation  has  been  an  important  factor  in 
the  formation  of  the  National  Research  Council  and  in  the  guidance 
of  its  early  life.  It  is,  I  think,  safe  to  say,  had  it  not  been  for  the 
assistance  given  by  the  Foundation  to  the  Research  Council,  that 
when  its  opportunity  came  to  be  of  service  to  the  country  it  would 
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not  have  been  ready  to  act,  and  would  not  have  been  authorized  as 
the  'Department  of  Science  and  Kescarch  of  the  Council  of  National 
Defense.' 

"The  Research  Council  no  longer  requires  the  financial  assistance 
of  the  Foundation,  which  is,  therefore,  free  to  devote  its  resources  to 
other  work. 

"Faithfully  yours, 

"Cary  T.  Hutchinson, 

"Secretary." 

Financial  Statement  of  Engineering  Foundation 
FOR  THE  Year,  29  September  1916-1917. 

"Expenditures 
"Account.  Amount. 

"Salary  of  Secretary $5  000 

Traveling    expenses 930 

Current  office  expenses   (ex  stationery) 2  133 

Office  furniture  and  fittings 838 

Stationery  (New  York  and  Washington)...  1034 

Committee  appropriations    510 

"Total  expenditures  $10  445 

"Income  for  the  Year 
From  securities   (including  bank  interest)  .  .    10  220 
Mr.  Swasey's  gift 5  000 

"Total  income '. 15  220 

"Surplus  for  the  year 

"        on  16  September  1916 4  775 

"         on  20  September  1917 11670 

16  445 

"Budget 

"Authorized  for  the  Research  Council 12  510 

"  additional  (for  furniture) 400 

Total  budget 12  910 

Expenditures   (above)    10  445 

Remainder,  not  used 2  465 

"The  Adams'  Fund 

"Gift  of  Mr.  Adams 5  000 

Disbursements  to  20  September  1917 1  597 

"Balance,  20  September  1917 3  403 

"Cary  T.  Hutchinson, 
"20  September  1917  "Secretary." 
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Dr.  Millikan's  Letter  to  Dr.  Hutchinson 

"September  7,  1917. 

''Dr.  Gary  T.  Hutchinson,  Secretary, 
The  Engineering  Foundation, 

33  West  39tii  Street,  New  York. 

"Dear  Dr.  Hutchinson:  The  following  is  a  statement  of  some  of 
the  work  of  the  National  Research  Council,  condensed  with  difficulty 
on  account  of  the  great  variety  and  scope  of  the  Council's  activities. 

''All  of  the  work  of  the  Research  Council  that  touches  upon  Army 
or  Navy  problems  is  carried  on  with  the  advice,  co-operation,  or  control, 
as  the  case  may  be,  of  the  representatives  of  the  various  Departments 
of  the  Army  or  Navy  under  which  such  work  comes. 

"The  Council  has  co-operated  in  the  establishment  and  organization 
of  the  submarine  experimental  work  at  Nahant  and  has  also  established 
a  very  active  submarine  station  at  New  London,  another  at  San  Pedro, 
California,  and  has  been  instrumental  in  the  organization  of  groups 
working  at  New  York,  Chicago,  and  Madison,  Wisconsin. 

"There  has  resulted  a  great  practical  advance  in  the  art  of  sub- 
marine detection  which  it  is  not  desirable  to  go  into  further. 

"The  Physics  Committee  of  the  Council  has  distributed  to  various 
groups  twenty  or  more  large  problems  in  physics,  which  are  being 
actively  worked  upon  and  some  of  which  have  already  been  solved. 
Among  the  latter  are  the  location  of  aircraft  by  sound,  the  development 
of  fire  control  for  anti-aircraft  guns,  telephoning  between  airplanes, 
protection  of  balloons  from  ignition  by  static  charges,  and  the  develop- 
ment of  new  and  improved  methods  of  measuring  muzzle  velocities. 

"The  Chief  Officer  of  the  Signal  Corps  of  the  Army  has  asked  the 
Research  Council  to  act  as  the  Division  of  Science  and  Research  of 
the  Signal  Corps,  and  in  this  capacity  the  Council  has  organized  a 
Sound  Ranging  Service  in  the  Signal  Corps,  a  new  Meteorological 
Service  in  the  Signal  Corps,  and  is  now  drawing  specifications  for 
scientific  instruments  to  be  used  on  airplanes.  It  has  sent  a  dozen 
of  the  best  physicists  in  the  country  to  France  to  aid  the  American 
Expeditionary  Forces  with  their  scientific  knowledge,  and  is  selecting 
a  personnel  of  several  hundred  men  who  are  to  be  engaged  in  the 
scientific  services  of  the  Army  and  Navy. 

"The  Chemistry  Committee  has  perfected  an  elaborate  organization 
for  the  handling  of  all  the  chemical  problems  which  arise  in  the 
Army  and  in  the  Navy,  and  it  has  distributed  some  150  chemical 
problems  A/hich  are  being  attacked  in  the  chemical  laboratories  of  the 
country. 

"The  Psychology  Committee  has  presented  to  the  Secretary  of 
War  and  the  Adjutant  General  a  vast  program  for  the  selection  of 
officers  for  the  Army  from  officers'  reserve  camps  and  for  the  classifi- 
cation of  drafted  men.  In  fact  it  has  called  in  most  of  the  best  known 
psychologists  of  the  country  and  has  organized  them  and  employment 
experts  into  a  large  group  in  whose  hands  the  War  Department  has 
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phifcil  tlif  larfJTOst  ros])()nsil)ilities  regarding'  the  exaTiiinatioii  and  selec- 
tion of  men. 

''The  ^fodical  Coniniittrc  lias  enlisted  the  services  of  a  large  niiniher 
of  medical  men  of  the  country  both  in  medical  research  problems  and 
in  the  regular  work  of  the  Sanitary  Corps  of  the  Army. 

''The  Engineering  Committee  has  contributed  in  no  small  degree 
to  the  development  of  devices  for  the  protection  of  ships  from  sub- 
marines. It  has  organized  a  large  group  which  are  now  working  on 
the  development  of  steel  protective  devices  for  use  of  the  soldiers  at 
the  front,  and  through  co-operation  with  the  National  Advisory  Com- 
mittee for  Aeronautics  it  has  carried  on  extensive  and  important 
researches  in  the  development  of  airplanes  and  airplane  engines. 

'^Turning  to  the  work  of  the  special  committees  of  the  Council,  the 
Nitrate  Committee  has  made  an  elaborate  study  and  report  which  has 
been  made  the  basis  for  the  expenditure  by  the  Government  of  large 
sums  of  money  upon  the  erection  of  a  nitrate  plant. 

"The  Gas  ^Yarfare  Committee  has  had  for  six  months  120  chemists 
working  on  the  problems  of  gas  warfare  and  the  results  already  attained 
have  been  of  the  utmost  importance — so  important  "that  the  Army  and 
Navy  have  placed  large  appropriations  at  the  disposal  of  this  Com- 
mittee for  its  researches. 

"The  Optical  Glass  Committee,  by  taking  from  the  research  labora- 
tories like  the  Geophysical  Laboratory,  a  dozen  more  silicate  chemists 
and  putting  them  directly  in  the  works  of  the  Bausch  and  Lomb  Com- 
pany and  the  Pittsburgh  Plate  Glass  Company,  has  in  six  months' 
time  developed  in  America  the  production  of  optical  glass  from  nothing 
up  to  20  000  poimds  a  month  and  in  two  months  more  this  figure  will 
have  been  multiplied  two  or  three  fold. 

"The  Psychiatry  Committee  has  established  abroad  a  Laboratory 
for  the  study  of  shell  shock. 

"The  Foreign  Service  Committee,  which  the  Council  sent  abroad 
at  once  upon  the  outbreak  of  the  war,  was  wholly  responsible  for  the 
sending  back  to  this  country  of  a  French,  English  and  Italian  Scientific 
Mission,  which  brought  with  them  the  contributions  which  science 
had  made  to  the  war,  both  in  the  matter  of  instruments  and  methods, 
and  unquestionably  saved  months  of  time  in  putting  the  United  States 
abreast  of  the  European  situation,  as  regards  modern  scientific  methods 
in  warfare.  It  is  difficult  to  overestimate  the  stimulus  to  American 
participation  in  the  war  which  resulted  directly  from  the  action  of 
the  Research  Council  in  sending  abroad  at  once  this  Foreign  Service 
Committee  composed  of  seven  of  the  best  scientists  in  the  country. 

"These  are  a  few  of  the  results  which  have  followed  from  the  assist- 
ance which  the  Engineering  Foundation  gave  in  the  bringing  into 
being  of  the  National  Research  Council.  It  is  hoped  that  they  are 
only  a  small  part  of  the  results  which  will  have  been  attained  by  the 
end  of  the  second  year  of  its  existence. 

"Sincerely  yours, 

"R.  A.  MiLLIKAN, 

"Vice-Chairman." 
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Reciprocal  Resolutions   Exchanged  Between 
The  Engineering  Foundation  and  National  Research  Council 

From  the  National  Research  Council  to  The  Engineering  Foun- 
dation : 

"As  the  year  for  which  the  co-operative  arrangement  was  made 
between  the  Engineering  Foundation  and  the  National  Research  Coun- 
cil will  soon  expire,  the  Research  Covmcil  wishes  again  to  record  its 
high  appreciation  of  the  liberal  financial  and  personal  assistance  which 
the  Foundation  and  its  members  have  afforded  in  the  organization 
and  support  of  the  work  of  the  Council  in  this  first  year  of  existence. 
It  seems  exceedingly  desirable  to  maintain  close  relations  between 
engineers  and  research  workers  which  the  Research  Council  has  for 
the  first  time  succeeded  in  establishing.  Accordingly,  the  Council 
wishes  to  express  the  hope  that  it  may  be  practicable  to  continue 
some  effective  form  of  co-operation  between  the  two  bodies,  and  it 
would  be  glad  to  appoint  representatives  to  consider  this  matter  with 
men  designated  by  the  Foundation." 

From  The  Engineering  Foundation  to  the  National  Research 
Council : 

"Resolved,  That  The  Engineering  Foundation  receives  with  pleasure 
the  resolution  of  the  National  Research  Council  expressing  appreci- 
ation of  the  financial  and  personal  assistance  rendered  to  the  organi- 
zation and  work  of  the  Council  during  the  past  year.  Reciprocating 
the  Council's  desire  for  the  maintenance  of  close  relations  between 
workers  in  science  and  in  engineering,  the  Foundation  hereby  declares 
that  it  will  be  its  policy  to  continue  the  co-operation  between  the  two 
bodies  in  all  practicable  ways  that  may  be  now,  or  may  become,  mutually 
available,  such  ways  consisting  of  the  interchange  of  helpful  suggestions, 
advice,  information,  office  representation  and  similar  facilities,  and  in 
addition  a  recognition  of  community  of  purpose  that  shall  promote 
in  the  field  of  engineering  research  increasingly  intimate  relations 
between  engineering  and  science. 

"The  reciprocal  designation  of  the  Secretary  of  each  of  the  bodies 
as  an  assistant  Secretary  of  the  other  for  the  purpose  of  enabling  both 
bodies  to  have  offices  in  both  New  York  and  Washington  is  favorably 
regarded,  and  the  Foundation  welcomes  and  gladly  accepts  the  offered 
assistance  of  the  Research  Council  in  the  national  co-relation  of  the 
engineering  research  work  of  the  Foundation  to  which  the  Foundation's 
resources  will  be  devoted." 

The  Engineering  Societies  Club  of  Hawaii 

The  following  letter  from  the  Secretary  of  the  Engineering  Societies 
Club  of  Hawaii  is  presented  for  the  information  of  the  membership. 

"HoNOLULiT,  Hawaii,  October  9th,  1917. 
"Mr.  Charles  Warren  Hunt, 

Secretary  of  the  American  Society  of  Civil  Engineers. 
"Dear   Sir  :   Kindly  be   informed  that   The  Engineering   Societies 
Club  of  Hawaii  has  been  established,  and  I  am  herewith  enclosing  a 
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copy  of  the  'Constitution  and  By-Lnws'  which  will  jrivc  you  the  pur- 
poses of  this  Club.    As  you  will  note  it  is  an  amalgamation  of  the: 

American  Society  of  Civil  Engineers, 
American  Society  of  Mechanical  Engineers, 
American  Institute  of  Mining  Engineers, 
American  Society  of  Naval  Engineers, 
American  Kailway  Engineering  Association, 
American  Society  for  Testing  Materials, 

a    member   of   any   of   these   national   organizations   being   eligible   to 
become  a  member  of  the  Club. 

''The  main  purpose  of  this  Club  is  for  the  entertainment  of  visitors 
from  the  various  National  organizations  while  in  Honolulu  and  the 
Hawaiian  Islands.  We  therefore  request  that  the  various  national 
organizations  post  notices  of  the  existence  of  this  Club  in  their  various 
magazines  and  transactions  so  that  all  members  of  these  national 
organizations  will  know  that  such  a  Club  exists  and  the  privileges 
extended  to  them  while  visiting  Honolulu. 

"We  trust  that  the  various  Secretaries  who  are  aware  of  a  proposed 
visit  to  the  Islands  by  any  one  of  its  members  would  communicate 
with  the  Secretary  of  our  Club  so  that  he  may  be  taken  care  of  in 
the  proper  manner.  We  would  wish  also  that  any  member  proposing 
to  visit  Honolulu  or  the  Islands  would  make  it  a  point  to  announce 
himself  to  the  Secretary  of  The  Engineering  Societies  Club  of  Hawaii, 
so  that  the  various  members  may  get  into  communication  with  him. 

"Trusting  that  due  notice  will  be  given  the  various  members  of 
your  national  organizations  of  the  existence  of  this  Club,  and  its 
purposes,  thanking  you, 

"Very  truly  yours, 
"The  Engineering  Societies  Club  of  Hawah, 

"By  E.  F.  Cykler, 

"Secretary." 
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ANNOUNCEMENTS 

The  Reading  Room  of  the  Society  is  open  from  9  A.  M.  to  10 
P.  M.,  every  day,  execpt  Sundays,  Fourth  of  July,  Thanksgiving 
Day,  and  Christmas  Day. 

FUTURE  MEETINGS 

December  5th,  1917.— 8.30  P.  M.— Chas.  Warren  Hunt,  Sec,  Am. 
Soc.  C.  E.,  will  address  the  meeting  on  Society  matters  of  general 
interest. 

December  19th,  1917.-8.30  P.  M. — At  this  meeting  a  paper 
entitled  "Construction  Problems  of  the  Manhattan-Bronx  and  Lexing- 
ton Avenue  Subway  Junction  and  Queensborough  Tunnel  Connections," 
by  George  Perrine,  M.  Am.  Soc.  C.  E.,  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

ANNUAL  MEETING 

The  Sixty;fifth  Annual  Meeting  will  be  held  at  the  Headquarters 
of  the  Society,  33  West  39th  Street,  on  Wednesday  and  Thursday, 
January  16th  and  17th,  1918.  The  Business  Meeting  will  be  called 
to  order  at  10  o'clock  on  Wednesday  morning.  The  Annual  Reports 
will  be  presented.  Officers  for  the  ensuing  year  elected,  members  of  the 
Nominating  Committee  appointed.  Reports  of  Special  Committees  pre- 
sented for  discussioii,  and  other  business  transacted. 

SEARCHES    IN    THE    LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar  with 
the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 
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It  sometimes  happens  thai  references  are  found  which  are  not 
readily  accessible  to  the  person  for  whom  the  search  is  made.  ]ii  that 
case  the  material  may  be  reproduced  by  photography,  and  tliis  can 
be  done  for  members  at  the  cost  of  the  work  to  the  Society,  which  is 
small.  This  method  is  particularly  useful  when  there  are  drawings  or 
figures  in  the  text  which  would  be  very  expensive  to  reproduce  by 
hand. 

A  list  of  9S9  bibliographies  made  in  the  Library,  giving  the  cost 
of  each,  was  published  in  Vol.  LXXX  of  Transactions. 

Since  October  1st,  1916,  the  Library  of  the  American  Society  of 
Civil  Engineers  has  ceased  to  exist,  as  such,  having  Taeen  merged  with 
the  Libraries  of  the  Mining,  Mechanical,  and  Electrical  Engineers, 
and  become  a  part  of  the  Library  of  the  United  Engineering  Society. 
There  were  67  000  accessions,  which  were  not  duplicates,  turned  over 
to  that  Library. 

Hereafter,  therefore,  requests  for  searches  should  be  addressed  to 
the  Librarian,  United  Engineering  Society,  29  West  39th  Street, 
New  York  City. 

PAPERS  AND   DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  char- 
acter suitable  for  oral  discussion  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and  on  these  oral  discussions,  as  well  as  written  commimica- 
tions,  will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions  only  will  be  requested 
for  subsequent  publication  in  Proceedings  and  with  the  paper  in  the 
volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429  of  the  August, 
1913,  Proceedings. 
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LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association,  Organized  1905. 

J.  D.  Galloway,  President;  E.  T.  Thurston,  Secretary-Treasurer, 
57  Post  Street,  San  Prancisco,  Cal. 

The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with  banquet, 
and  weekly  informal  luncheons.  The  former  are  held  at  6.  p.  M.,  at  the 
Palace  Hotel,  on  the  third  Tuesday  of  February,  April,  June,  August, 
October,  and  December,  the  last  being  the  Annual  Meeting  of  the 
Association. 

Informal  luncheons  are  held  at  12.30  p.  M.,  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

(Abstract  of  Minutes  of  Meeting) 

October  16th,  1917 — The  meeting  was  called  to  order  at  the  Palace 
Hotel;  President  Galloway  in  the  chair;  Nathan  A.  Bowers,  Secretary, 
2)ro  tern. ;  and  present,  also,  53  members  and  guests. 

The  Entertainment  Committee  provided  several  reels  of  moving 
pictures,  three  of  which  were  supplied  by  the  Trojan  Powder  Company 
and  the  Oakland  Paving  Company. 

Messrs.  Newman,  Cleary,  and  Chew  were  appointed  as  the  Enter- 
tainment Committee  for  the  Annual  Meeting  in  December. 

For  the  Committee  on  Military  Affairs,  President  Galloway  reported 
that  the  Committee  had  completed  its  work  and  had  adjourned  sine  die. 
Of  the  $750  contributed  to  this  Committee  for  its  work,  about  $135 
was  not  used,  of  which  $47  had  been  contributed  to  relief  work  in 
France  and  the  remainder  to  the  work  of  the  Red  Cross. 

President  Galloway  reported  that  the  bound  volumes  of  Transactions 
of  the  Society  (donated  by  Mr.  Schulze  as  prizes  for  essays  written  by 
Juniors)  had  been  awarded  to  Messrs.  Bolin  and  Bithers  for  a  paper 
entitled  "The  Sewers  of  Berkeley",  which  would  be  presented  before  the 
Association  at  a  later  date. 

Attention  was  called  to  the  joint  meeting  of  the  Local  Sections  of 
the  American  Society  of  Mechanical  Engineers,  the  Ajnerican  Institute 
of  Mining  Engineers,  the  American  Institute  of  Electrical  Engineers, 
the  American  Chemical  Society,  and  the  American  Society  of  Civil 
Engineers,  to  be  held  on  October  25th,  1917.  in  honor  of  Dr.  Ira  N. 
Hollis,  President  of  the  American  Society  of  Mechanical  Engineers. 

A  paper  by  Mr.  M.  M.  O'Shaughnessy,  entitled  "The  Tunnels  of  San 
Francisco",  was  presented  by  the  author. 

President  Galloway  presented  a  letter  from  Joseph  Jacobs,  Presi- 
dent of  the  Seattle  Association,  in  which  Mr.  Jacobs  suggested  changes 
in  the  status  of  the  Local  Associations. 

A  letter  was  also  read  from  the  Connecticut  Society  of  Civil  Engi- 
neers suggesting  the  advisability  of  fostering  among  college  students 
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the  fonnation  of  some  untlergraduate  Society,  which  would  lead  the 
men  to  ct)nsideration  of  affiliation  with  the  Society.  .  , 

A  letter  was  read  from  :Mr.  E.  T.  Thurston,  now  at  the  Lugmeers 
Training  Camp.  Vancouver  Barracks,  Wash.,  in  which  he  reported 
rapid  progress  being  made  at  the  Camp. 

i\Ir  Bowers  reported  having  visited  the  new  Headquarters  ot  the 
Society  in  the  Engineering  Societies  Building,  in  New  York  C^itv.  ^tm^ 

Colorado  Association,  Organized   1908. 

Rohert  Follanshee,  President;  L.  R.  Ilinnian,  Secretary-Treasurer, 
1400  West  Colfax  Avenue,  Denver,  Colo. 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  (Denver,  Colo.)  are  held  on  the 
second  Saturday  of  each  month,  except  July  and  August.  The  hour 
and  place  of  meeting  are  not  fixed,  but  this  information  will  be  fur- 
nished on  application  to  the  Secretary.  The  meetings  are  iisually  pre- 
ceded by  an  informal  dinner.  J^fembers  of  the  American  Society  of 
Civil  Engineers  will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays  at  12.30  p.  M.,  at  Daniel's 
and  Fisher's. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

Atlanta  Association,  Organized  1912. 

Paul  H.  Noreross,  President;  Thomas  P.  Branch,  Secretary-Treas- 
urer, Georgia  School  of  Technology,  Atlanta,  Ga. 

The  Association  holds  its  meetings  at  the  University  Club,  Atlanta, 
Ga.  Regular  monthly  luncheon  meetings  are  held  to  which  visiting 
members  of  the  Society  are  always  welcome. 

Baltimore  Association,  Organized  1914. 

Mason  D.  Pratt,  President;  Charles  J.  Tilden,  Secretary-Treasurer, 
The  Johns  Hopkins  University,  Baltimore,  Md. 

Cleveland  Association,  Organized  1914. 

W.  J.  W^atson,  President;  George  H.  Tinker,  Secretary-Treasurer, 
516  Columbia  Building,  Cleveland,  Ohio. 

Detroit  Association,  Organized  1916. 

T.  A.  Leisen,  President;  Clarence  W.  Hubbell,  Secretary,  2348 
Penobscot  Building,  Detroit,  Mich. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  December,  April,  and  October,  the  last  being  the  Annual 
Meeting. 

District  of  Columbia  Association,  Organized   1916. 

A.  P.  Davis.  J'rcsidcnt;  .lohn  C.  Hoyt,  Secretary-Treasurer,  U.  S. 
Geological  Survey,  Washington,  D.  C. 

Duluth  Association,  Organized   1917. 

F.  E.  House,  President;  Walter  G.  Zimmermanu,  Secretary,  Wolvin 
Building,  Duluth,  Minn. 


68-i  ANNOUNCEMENTS  [Society  Affairs. 

_  The  regular  meetings  of  the  Association  are  held  at  noon  on  the 
third  Monday  of  each  month  (usually  at  the  Kitchi  Gamma  Club), 
with  luncheon,  followed  by  a  short  business  session  and  reading  of 
papers.  Visiting  members  of  the  American  Society  of  Civil  Engineers 
can  secure  from  the  Secretary  definite  information  relating  to  the  meet- 

October  15th,  1917. — The  meeting  was  called  to  order;  Vice-Presi- 
dent Darling  in  the  chair;  Walter  G.  Zimmermann,  Secretary;  and 
present,  also,  21  members  and  1  guest. 

The  resignation  of  Mr.  E.  W.  Kelly  as  Treasurer  was  accepted,  he 
having  received  a  commission  as  a  Captain  in  the  United  States  Engi- 
neers Reserve.     Mr.  John  Carson  was  elected  to  fill  the  vacancy. 

Mr.  John  H.  Darling  was  unanimously  suggested  by  the  Associa- 
tion as  member  of  the  Nominating  Committee  to  be  chosen  from  Dis- 
trict No.  7. 

A  letter  was  read  from  Mr.  Edward  P.  Burch,  of  Minneapolis, 
Minn.,  inviting  the  Association  to  join  with  other  Engineering  Socie- 
ties of  the  State  in  a  dinner  to  Mr.  John  R.  Allen,  the  new  Dean  of  the 
College  of  Engineering  and  Architecture  of  the  University  of  Minne- 
sota, on  October  18th,  1917.  Mr.  W.  H.  Hoyt  was  appointed  the  special 
representative  of  the  Association  at  this  dinner. 

A  discussion  of  the  paper  entitled  "Soundings",  which  had  been 
presented  by  Mr.  0.  H.  Dickerson  at  a  previous  meeting,  was  con- 
tinued, many  of  the  members  present  taking  part  in  it. 

Adjourned. 

Illinois  Association,  Organized  1916. 

C.  F.  Loweth,  President,  Chicago,  111. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Monday  of  March,  June,  September,  and  December,  the  last  being  the 
Annual  Meeting.  The  hour  and  place  of  meeting  are  not  fixed,  but 
this  information  will  be  furnished  on  application  to  the  President. 

Louisiana  Association,  Organized  1914. 

W.  B.  Gregory,  President;  Charles  W.  Okey,  Secretary,  Tulane 
University,  New  Orleans,  La. 

The  regular  meetings  of  the  Association  are  held  at  The  Cabildo, 
New  Orleans,  La.,  on  the  first  Monday  of  January,  April,  July,  and 
October. 

Nebraska  Association,  Organized  1917. 

Erank  T.  Darrow,  President;  Homer  V.  Knouse,  Secretary-Treas- 
urer, 115  City  Hall,  Omaha,  Nebr. 

Regular  meetings  of  the  Association  are  held  on  the  first  Saturday 
of  each  month,  except  Jvily  and  August,  and  at  such  places  as  may 
be  appointed  from  time  to  time  by  the  Executive  Committee.  The 
Annual  Meeting  is  held  in  Lincoln,  Nebr.,  on  the  second  Friday  in 
January. 

It  is  probable  that  frequent  luncheons  will  be  held  in  Omaha,  in 
addition  to  the  monthly  meetings,  at  which  visiting  members  will  be 
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welcomed.      The   place  of   meeting-   may   be   ascertained  by   communi- 
cating with  the  Secretary.  '  / 

Northwestern  Association,  Organized   1914. 

George  L.  Wilson,  President;  Ealph  D.  Thomas,  Secretary,  508 
>outh  First  Street,  Minneapolis,  Minn. 

"'  \Sa/nCiel  "1.  Wagner,  President;  C.  W.  Thorn,  Secretary,  1313  South 
Broad  Street,  Philadelphia,  Pa. 

The  regular  meetings  of  the  Association  are  held  at  the  Engineers' 
Club  of  Philadelphia,  1317  Spruce  Street,  on  the  First  Monday  in 
January,  April,  and  October,  the  last  being  the  Annual  Meeting. 

Portland,  Ore.,  Association,  Organized   1913. 

J.  P.  Newell,  President;  J.  A.  Ourrey,  Secretary,  194  North  13th 
Street,  Portland,  Ore. 

St.  Louis  Association,  Organized  1888   (1914). 

J.  A.  Ockerson,  President;  C.  M.  Daily,  Secretary-Treasurer,  4240 
Shaw  Avenue,  St.  Louis,  Mo. 

The  Annual  Meeting  of  the  Association  is  held  on  the  fourth  Mon- 
day in  November  in  the  Auditorium  of  the  Engineers  Club  of 
St.  Louis.  The  time  and  place  of  other  meetings  are  not  fixed,  but  this 
information  will  be  furnished  on  application  to  the  Secretary. 

(Abstract  of  Minutes  of  Meetings) 

September  loth,  1917. — The  meeting  was  called  to  order  at  12.30 
p.  M.,  at  the  City  Club;  President  Ockerson  in  the  chair;  Cornelius  M. 
Daily  (Secretary)  ;  and  present,  also,  16  members. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

President  Ockerson  read  extracts  from  the  minutes  of  the  meeting 
of  the  Board  of  Direction  in  regard  to  correcting  a  statement  in  the 
May  Proceedings  as  to  the  date  of  organization  of  the  Association. 

On  motion,  duly  seconded,  the  following  resolution  was  passed 
unanimously : 

"Whereas :  A  local  association  of  the  St.  Louis  members  of  the 
American  Society  of  Civil  Engineers  vpas  organized  in  Febiniary,  1888, 
at  which  time  a  permanent  Chairman,  Vice-Chairman,  and  Secretary 
were  elected,  the  names  of  the  charter  members  being: 

Robert  Moore  K.  Hering  B.  L.  Crosby 

John  A.  Ockerson  A.  M.  Wellington         O.  B.  Wheeler 

George  A.  Marr  W.  Bartlett  Geo.  H.  Pegram 

Edw.  C.  Rice  N.  W.  Eayrs  M.  L.  Holman 

J.  B.  Johnson  J.  Baler  Parkhurst 

Edw.  Flad  Blaisdell  Fred  Brooks 

C.  V.  Mersereau  R.  E.  McMath  T.  J.  Long 

S.  B.  Russell  Carl  Gaylor  Geo.  Brant 

E.  L.  Meier 
and 

"Whereas:  The  said  Association  adopted  a  Constitution  and  By- 
laws which  in  their  main  features  are  similar  to  the  Constitution  and 
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By-laws  approved  by  the  American  Society  of  Civil  Engineers  in  1914; 

tliGrGiorG  ^ 

"Be  it  Resolved:  That  the  Board  of  Direction  be  and  is  hereby  re- 
quested to  direct  tliat  under  the  general  heading  m  the  Proceedings, 
'Local  Associations  of  Members  of  the  American  Society  oi  Civii  Ji,ngi- 
neers'  the  date  of  organization  of  the  St.  Louis  Association  _be_  here- 
/•....  ',x,^„j  .,„  isss  in^tPad  of  191-4,  adding  the  date  of  admission  to 

On  motion,  duly  seconded,  it  was  decided  tnat  tne  meetings  lur  mu 
coming  year  shall  be  held  alternately  mid-day  and  evening. 

On  motion,  duly  seconded,  the  Chairman  was  authorized  to  appoint 
a  Nominating  Committee  to  nominate  officers  for  the  annual  election 
in  November. 

President  Ockerson  appointed  a  committee  consisting  of  Messrs. 
Rolfe,  Woermann,  and  Daily  to  arrange  for  meetings. 

The  Secretary  was  instructed  to  forward  a  copy  of  the  resolutions 
to  the  Board  of  Direction  and  also  ask  for  correction  of  the  statement 
in  the  Proceedings  relative  to  the  place  for  holding  meetings. 

Adjourned. 

October  5th,  1917. — The  meeting  was  called  to  order  at  12.30  p.  M.; 
President  Ockerson  in  the  chair;  Cornelius  M.  Daily,  Secretary. 

A  motion  that  the  Association,  as  evidence  of  its  interest  in  all 
students  of  Civil  Engineering,  endorse  the  proposed  amendment  to  the 
Constitution,  permitting  the  formation  of  Student  Branches,  was  car- 
ried; and  the  Secretary  was  instructed  to  inform  the  Committee,  ap- 
pointed by  the  Board  of  Direction  to  investigate  the  merit  of  the  pro- 
posed amendment,  and  also  the  Connecticut  Society,  of  the  action  of 
the  Association  in  this  matter. 

Mr.  Baxter  L.  Bro^vn,  of  St.  Louis,  was  the  unanimous  choice  for 
the  Nominating  Committee  from  District  No.  9. 

On  motion,  duly  seconded,  a  circular  letter  was  ordered  to  be  sent 
to  all  corporate  members  in  District  No.  9,  requesting  them  to  endorse 
Mr.  Brown  for  the  Nominating  Committee. 

Adjourned. 

San  Diego  Association,  Organized  1915. 

W.  J.  Gough,  President;  J.  R.  Comly,  Secretary-Treasurer,  4105 
Ealcon  Street,  San  Diego,  Cal. 

Seattle  Association,  Organized  1913. 

Jose])h  Jacobs,  President;  Carl  H.  Reeves,  Secretary-Treasurer,  444 
Henry  Building,  Seattle,  Wash. 

The  regular  meetings  of  the  Association  are  held  at  12.15  P.  m.,  on 
the  last  Monday  of  each  month,  at  The  Frye  Hotel. 

Southern  California  Association,  Organized  1914. 

H.  Hawgood,  President ;  H.  W.  Dennis,  Secretary,  329  San  Fernando 
Building,  Los  Angeles,  Cal. 

The  Southern  California  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  (Los  Angeles,  Cal.)  holds  regular  bi-monthly 
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meetings  with  banquet,  at  Hotel  Clark,  on  the  second  Wednesday  of 
February,  April,  -June.  Auj-ust,  October,  and  December,  the  last  being 
the  Annual  ]\reeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  i\  M.  every  Wednesday,  and 
the  i)lace  of  meeting  may  be  ascertained  from  the  Secretary. 

1'he  by-laws  of  the  Association  provide  for  the  extension  of  hos- 
pitality to  any  member  of  the  Society  who  may  be  temporarily  in 
Los  Angeles,  and  any  such  member  will  be  gladly  welcomed  as  a 
guest  at  any  of  the  meetings  or  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

October  loth,  1917.— The  me(>ting  was  called  to  order  at  6  p.  M., 
at  the  Hotel  Clark;  President  Hawgood  in  the  chair;  and  W.  K. 
Barnard,  acting  as  Secretary. 

The  reading  of  the  minutes  of  the  previous  meeting  was  dispensed 
with. 

President  Hawgood  announced  the  resignations  of  Mr.  Charles  H. 
Lee,  as  Treasurer,  and  Mr.  Wilkie  Woodard,  as  Secretary,  of  the  Asso- 
ciation, both  having  resigned  in  order  to  join  the  colors  as  officers  in  the 
Engineers'  Reserve  Corps. 

The  President  announced  that  the  Board  of  Directors  had  appointed 
Mr.  H.  W.  Dennis  to  succeed  Mr.  Woodard  as  Secretary  and  Mr.  Ralph 
J.  Reed  to  succeed  Mr.  Lee  as  Treasurer  for  the  unexpired  portions  of 
their  terms  of  office. 

Messrs.  A.  L.  Sonderegger  and  C.  0.  Huff  were  appointed  a  Com- 
mittee to  audit  the  books  of  the  Association  before  they  were  turned 
over  to  Mr.  Reed. 

A  letter  was  read  from  the  City  Planning  Association  of  Los  Angeles 
inviting  the  Association  to  name  five  members  who  might  be  willing 
to  co-operate  with  it  in  working  out  city  planning  projects. 

A  letter  was  read  from  Henry  R.  Buck,  President  of  the  Connecticut 
Society  of  Civil  Engineers,  relative  to  the  formation  of  Student 
Branches  of  the  Parent  Society. 

On  motion,  duly  seconded,  this  movement  was  endorsed. 

A  letter  from  Joseph  Jacobs,  President  of  the  Seattle  Association, 
was  read,  bearing  on  the  subject  of  the  proper  relation  of  the  Parent 
Society  to  the  Local  Associations.  Mr.  Jacobs  also  enclosed  a  copy  of 
a  letter  on  the  subject,  which  he  had  forwarded  to  the  Society. 

The  Secretary  was  instructed  to  send  copies  of  these  communications 
to  all  members  of  the  Association  for  their  study,  in  order  that  discus- 
sion might  be  had  thereon  at  the  Annual  Meeting  and  a  definite  report 
be  made  to  the  Parent  Society  immediately  afterward. 

Communications  were  read  from  Mr.  H.  F.  Withey  enclosing  cor- 
respondence from  Professor  C.  W.  Cook,  relative  to  engineering  work 
being  done  by  the  University  of  California. 

The  President  appointed  Mr.  Reed  a  committee  to  investigate  the 
matter  of  engineering  work  and  to  determine  further  whether  similar 
work  was  being  done  by  other  educational  institutions  in  this  territory. 

The  matter  of  subscription  to  the  second  Liberty  Loan  was  an- 
nounced by  President  Hawgood,  who  stated  that  information  on  the 
subject  w'ould  be  given  to  any  member  of  the  Association  requesting  it. 

Mr.  George  A.  Damon,  Vice-President  of  the  Joint  Committee  of 


G88  ANNOUNCEMENTS  [Society  AflFairs. 

the  Technical  Societies  of  Los  Angeles  and  Chairman  of  a  Special  Com- 
mittee to  formulate  a  plan  for  the  presentation  to  the  public  of  the  engi- 
neering fundamentals  of  municipal  and  other  public  problems,  addressed 
the  meeting  regarding  the  work  of  such  a  Committee.  Mr.  Damon's 
address  was  followed  by  a  discussion  on  the  subject  by  those  present. 
Adjourned. 

Spokane  Association,  Organized   1914. 

J.  C.  Ealston,  President;  B.  J.  Garnett,  Secretary,  City  Hall, 
Spokane,  Wash. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  each  month,  except  July  and  August.  The  hour  and  place 
of  meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
application  to  the  Secretary. 

Visiting  members  are  invited  to  attend  the  meetings  and  luncheons. 

Texas  Association,  Organized  1913. 

John  B.  Hawley,  President;  J.  F.  Witt,  Secretary,  Dallas,  Tex. 

Utah  Association,  Organized  1916. 

George  L.  Swendsen,  President;  H.  S.  Kleinschmidt,  Secretary- 
Treasurer,  306  Dooly  Building,  Salt  Lake  City,  Utah. 

The  Annual  Meeting  of  the  Association  is  held  on  the  first  Wednes- 
day in  April.  The  time  of  other  meetings  is  not  fixed,  but  this  informa- 
tion will  be  furnished  on  application  to  the  Secretary. 

MINUTES  OF  MEETINGS  OF 

SPECIAL  COMMITTEES 

TO  REPORT  UPON  ENGINEERING  SUBJECTS 

Special  Committee  on  Materials  for  Road  Construction 

October  15th,  1917. —  The  meeting  was  called  to  order  at  9.45  a.  m., 
at  the  House  of  the  Society.  Present,  George  W.  Tillson  (Chairman 
pro  tern.),  H.  K.  Bishop,  A.  W.  Dean,  Nelson  P.  Lewis,  and  A.  H. 
Blanchard  (Secretary). 

The  minutes  of  the  meeting  of  August  17th,  1917.  were  approved. 

The  final  reports  of  the  Sub-Committees  on  ''Introduction  and  Gen- 
eral Principles"  and  "Subjects  for  Investigation",  were  discussed  at 
length,  and  several  amendments  relative  thereto  were  adopted. 

October  22d,  1917.— The  meeting  was  called  to  order  at  the  House 
of  the  Society  at  10  a.  m.  Present,  George  W.  Tillson  (Chairman  pro 
tern.),  H.  K.  Bishop,  Nelson  P.  Lewis,  and  Arthur  H.  Blanchard 
(Secretary). 

The  minutes  of  the  meeting  of  October  15th,  1916,  were  approved. 

The  final  reports  of  the  Sub-Committees  on  Introduction  and  Gen- 
eral Principles,  Subjects  for  Investigation,  Asphalt  Block  Pavements, 
Bituminous  Concrete  Pavements,  Bituminous  Macadam  Pavements, 
Bituminous  Surface  Treatments,  Brick  Pavements,  Broken  Stone 
Eoads,  Earth  and  Sand-Clay  Roads,  Gravel  Roads,  Sheet  Asphalt  Pave- 
ments, Stone  Block  Pavements,  and  Wood  Block  Pavements,  were  dis- 
cussed and  adopted  as  amended. 


NovomlHT.  lit  17.1  ANNOUNCEMENTS  689 

The  final  report  of  the  Suh-Coinmittee  on  "Forms"  was  discussed, 
and  several  amendments  relative  thereto  were  adopted. 

On  motion,  duly  seconded,  the  Committee  adjourned  to  meet  at 
9.30  A.  M.,  on  Saturday,  October  2Tth,  1917,  at  the  Engineering  Socie- 
ties Building. 

October  27th,  1917. — The  meeting  was  called  to  order  at  9.40  a.  m., 
in  the  Engineering  Societies  Building.  Present,  George  W.  Tillson 
(Chairman  pro  tern.),  A.  W.  Dean,  Nelson  P.  Lewis,  Charles  J.  Tilden, 
and  Arthur  H.  Blanchard  (Secretary). 

The  minutes  of  the  meeting  of  October  22d,  1917,  were  approved. 

The  final  reports  of  the  Sub- Committees  on  the  following  sections 
of  the  1918  Report,  were  discussed  at  length  and  adopted  as  amended: 
Forms,  Cement-Concrete  Pavements,  Analyses  and  Tests  of  Non- 
Bituminous  Materials,  and  Analyses  and  Tests  of  Bituminous  Materials. 

On  motion,  duly  seconded,  the  1918  Report  was  adopted  en  hloc. 

On  motion,  duly  seconded,  tlic  Committee  adjourned  sine  die. 

Special  Committee  on  Stresses  in  Railroad  Track 

October  i6th=i7th,  1917.— The  meeting  was  called  to  order  in  Chi- 
cago, 111.,  two  sessions  being  held  on  October  16th,  and  one  on  October 
17th.  Present,  Messrs.  Talbot  (Chairman),  Baldwin,  Bremner,  Bronson 
(rei)''esenting  Dudley),  Brunner,  Burton,  Churchill,  Cushing,  Dawley, 
Gennet  and  Morgan  (representing  Hunt),  Jackson  (representing 
Stimson),  Jenkins,  La  Bach,  Larsson,  McGuigan  (representing  Saf- 
ford),  Ray,  Turneaure,  Willoughby,  H.  R.  Thomas,  Assistant  Engineer 
of  Tests,  and  Fritch  (Secretary). 

The  tentative  draft  of  a  Progress  Report  of  the  Committee,  which 
had  been  sent  to  the  members  on  September  15th,  1917,  and  additional 
matter  distributed  later  and  at  this  meeting,  were  discussed  in  detail 
and  modifications  made. 

The  Chairman  was  authorized  to  prepare  the  Introductory  Matter 
and  to  present  the  report  to  the  American  Society  of  Civil  Engineers 
and  to  the  American  Railway  Engineering  Association  as  a  Progress 
Report  of  the  Committee. 

It  was  voted  to  ask  members  not  present  at  the  meeting  or  not 
represented  whether  they  approved  the  proposed  Progress  Report. 
Plans  for  future  work  were  also  discussed. 

Special  Committee  on  Steel  Columns  and  Struts 

October  22d,  19 17. — The  meeting  was  called  to  order  at  the  House  of 
the  Society  at  8.15  p.  M.  Present,  Lewis  D.  Rights  (Chairman),  James 
H.  Edwards,  Ralph  Modjeski,  George  F.  Swain,  and  C.  W.  Hudson 
(Secretary).  Professor  Nelson,  of  the  Bureau  of  Standards,  was  also 
present. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

On  motion,  duly  seconded,  it  was  decided  that  the  Committee  would 
prepare  a  final  report  and  ask  to  be  discharged. 

The  Chairman  presented  a  rough  draft  of  a  final  report,  which  was 
discussed,  and  many  suggestions  made  by  those  present  were  incor- 
porated in  it. 

On  motion,  duly  seconded,  the  Chairman  was  instructed  to  revise 
the  report  and  submit  it  to  a  meeting  to  be  called  later  by  the  Chair. 
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The  diagrams  and  tables  submitted  with  the  report  were  approved 
by  the  Committee,  and  the  Chairman  was  reqviested  to  confer  with  the 
Secretary  of  the  Society  rehative  to  having  these  prepared  for  publica- 
tion in  advance  of  the  completion  of  the  report. 

PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN   SOCIETY   OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms,  and  at  all  meetings : 

American  Institute  of  Electrical  Engineers,  25  West  Thirty- 
ninth  Street,  New  York  City. 

American  Institute  of  Mining  Engineers,  25  West  Thirty-ninth 
Street,  New  York  City. 

American  Society  of  Mechanical  Engineers,  25  West  Thirty-ninth 
Street,  New  York  City. 

Assogiacao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 

Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 
Australia. 

Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 
Mass. 

Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 

Canadian  Society  of  Civil  Engineers,  176  Mansfield  Street,  Mon- 
treal, Que.,  Canada. 

Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 

Cleveland  Engineering  Society,  Chamber  of  Commerce  Building, 
Cleveland,  Ohio. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 

Dansk  Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 

Detroit  Engineering  Society,  46  Grand  River  Avenue,  West, 
Detroit,  Mich. 

Engineering  Association  of  Nashville,  Commercial  Club  Building, 
Nashville,  Tenn. 

Engineers  and  Architects  Club  of  Louisville,  1412  Starks  Build- 
ing, Louisville,  Ky. 

Engineers'  Club  of  Baltimore,  6  West  Eager  Street,  Baltimore,  Md. 

Engineers'  Club  of  Kansas  City,  E.  B.  Murray,  Secretary,  920  Wal- 
nut Street,  Kansas  City,  Mo. 

Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minne- 
apolis, Minn. 

Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadel- 
phia, Pa. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  96  King  Street,  W^est,  Toronto,  Ont., 
Canada. 
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Engineers'   Club   of  Trenton,   Trent  Theatre  Building,  12   North 

Warren  Street,  Trenton,  N.  J. 
Engineers'  Society  of  Northeastern  Pennsylvania,  415  Washing- 
ton Avenue,  Scranton,  Fa. 
Engineers'    Society    of    Pennsylvania,    31    South    Front    Street, 

Ilurrisburg,  Pa. 
Engineers'  Society  of  Western  Pennsylvania,  508  Union  Arcade 

Building,  Pittsburgli,  Fa. 
Florida  Engineering  Society,  J.  E.  Benton,  Secretary,  Gainesville, 

Fla. 
Institute  of  Marine   Engineers,   The  Minories,  Tower  Hill,  Lon- 
don, E.,  England. 
Institution  of  Civil  Engineers,  Great  George  Street,  Westminster, 

S.  W.,  London,  England. 
Institution  of  Engineers  of  the  River  Plate,  Calle  25  de  Mayo  195, 

Buenos  Aires,  Argentine  Republic. 
Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 

England. 
Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 

S.  W.,  London,  England. 
Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 
Louisiana  Engineering  Society,  State  Museum  Building,  Chartres 

and  St.  Ann  Streets,  New  Orleans,  La. 
Memphis  Engineers'  Club,  Memphis,  Tenn. 
Midland    Institute   of   Mining,   Civil   and   Mechanical   Engineers, 

Sliefficld,  England. 
Montana  Society  of  Engineers,  Butte,  Mont. 
North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 

Newcastle-upon-Tyne,  England. 
Oregon  Society  of  Civil  Engineers,  Fortland,  Ore. 
Pacific   Northwest    Society    of    Engineers,    803    Central   Building, 

Seattle,  Wash. 
Rochester  Engineering  Society,  Rochester,  N.  Y. 
Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 
Sociedad  de  Ingenieros  del   Peru,  Lima,  Peru. 
Societe  des   Ingenieurs  Civils  de   France,  19  rue  Blanche,  Paris, 

France. 
Society   of    Engineers,    17   Victoria    Street,   Westminster,    S.   W., 

London,  England. 
Svenska    Teknologforeningen,    Brunkebergstorg    18,     Stockholm, 

Sweden. 
Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 
Vermont     Society    of     Engineers,    George    A.    Reed,     Secretary, 

Montpelier,  Vt. 
Western    Society    of    Engineers,    1735    Monadnock    Block,    Chi- 
cago, Bl. 
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ACCESSIONS  TO  THE 
UNITED  ENGINEERING  SOCIETY  LIBRARY 

(From  October  2d  to  November  1st,  1917) 

DONATIONS* 

The  statements  made  in  these  notices  are  taken  directly  from  the  books 
themselves,  and  this  Society  is  not  responsible  for  them. 

ELECTRICAL  ENGINEERING: 

The  Theory  and  Characteristics  of  Electrical  Circuits  and  Ma- 
chinery. By  Clarence  V.  Christie.  2d  ed.,  rev.  and  enl.  N.  Y., 
McGraw-Hill  Book  Co.,  Inc.;  Lond.,  Hill  Publishing  Co.,  Ltd.,  1917. 
20  +  546  pp.,  508  illus.,  9x6  in.,  cloth.    $4.00. 

Much  new  material  has  been  added  to  this  edition,  the  most  important  addi- 
tions being  sections  on  complex  alternating  waves  and  wave  analysis,  on  polyphase 
alternating-current  circuits,  the  construction  of  the  characteristic  curves  of  direct- 
current  generators  and  motors,  the  design  of  direct  and  alternating-current  ma- 
chinery, the  Blondel  diagram  for  the  synchronous  motor,  the  symbolic  method  of 
analysis  of  the  induction  motor,  alternating-current  commutator  motors,  and  a 
chapter  on  measuring  instruments. 

A  TREATISE  ON  THE  ELEMENTS  OF   ELECTRICAL   ENGINEERING: 

A  Text  Book  for  Colleges  and  Technical  Schools.  By  William  S. 
Franklin.  Vol.  1.  Direct  and  Alternating  Current  Machines  and  Sys- 
tems. N.  Y.,  The  Macmillan  Company,  1917.  465  pp.,  368  illus., 
9x6  in.,  cloth.     $4.50.   (Gift  of  the  author.) 

Written  to  encourage  a  first  course  in  electrical  engineering  covering  both  direct 
and  alternating-current  machines  and  systems.  The  emphasis  throughout  is  on  the 
simple  physics  of  the  subject  and  on  operating  engineering.  The  book  entitled  "Elec- 
tric Lighting  and  Miscellaneous  Applications  of  Electricity"  will  henceforth  be  known 
as  Vol.  2  of  the  present  treatise. 

PRACTICAL  ELECTRIC  ILLUMINATION. 

By  Terrell  Croft.  N.  Y.,  McGraw-Hill  Book  Co.,  Inc. ;  Lond.,  Hill 
Publishing  Co.,  Ltd.,  1917.  11  +  225  pp.,  166  illus.,  8x6  in.,  cloth. 
$2.00. 

Contains  a  concise  account  of  the  principles  of  illumination,  the  methods  used 
and  the  proper  ways  of  lighting  indoor  and  outdoor  spaces  used  for  specific  pur- 
poses. Contents  :  Preface ;  Fundamental  Ideas  of  Light  Radiation  ;  Principles  and 
Units;  Reflectors;  Incandescent  Lamps;  Arc  Lamps;  Nernst,  Mercury-Vapor  and 
Tube  Lamps;  Principles  of  Illumination  Design;  Interior  Illuminationi ;  Exterior 
Illumination. 

X-RAYS. 

By  G.  W.  C.  Kaye.  2d  ed.  N.  Y.  and  Lond.,  Longmans,  Green,  and 
Co.,  1917.    17  +  285  pp.,  115  illus.,  9x6  in.,  cloth.    $3.00. 

The  author  of  this  book  is  the  head  of  the  Radium  and  X-Ray  Department  of 
the  National  Physical  Laboratory.  Tbe  subject-matter  gives  an  account  of  such 
of  the  present-day  methods  and  apparatus  as  appear  valuable  or  novel,  with  a 
critical  treatment  of  some  of  the  features  which  have  claimed  the  author's  interest. 
The  development  of  theory  is  discussed,  and  a  summary  of  the  history  of  the  X-ray, 
from  1895  to  the  middle  of  1916,  is  included. 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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ELEMENTS  OF  MACHINE  DESIGN. 

By  O.  A.  Leutwiler.     N.  Y.,  McGraw-Hill   Book  Co.,  Inc.;  Loud., 

Hill  rublishing  Co.,  Ltd.,  191Y.     15  +  GOT  pp.,  ^39  illus.,  9x6  in., 

cloth.     $4.00. 

Written  to  present  in  fairly  completed  form  a  discussion  of  the  fundamental 
principles  involved  in  the  design  and  operation  of  machinery,  and  to  outline  or  sug- 
gest methods  of  reasoning  which  may  prove  helpful  in  the  design  of  various  parts. 
Brief  reviews  are  included  of  the  more  important  straining  actions  to  which  machine 
parts  are  subjected  and  of  the  properties  of  the  common  materials  used  in  machine 
construction,  and  references  to  additional  sources  of  information  accompany  the 
various  chapters. 

MECHANICAL   DRAWING   PROBLEMS. 

By  Charles  William  Weick.  X.  Y..  McGraw-Hill  Book  Co.,  Inc.; 
Lond..  Hill  Publishing  Co.,  Ltd.,  1917.  9  -f  153  pp.,  120  illua.,  1  pi., 
9x6  in.,  cloth.    $1.25. 

A  book  of  examples  and  problems  intended  to  be  used  under  the  direction  of  a 
teacher.  It  aims  to  provide  a  large  number  of  typical  drawings  carefully  worked 
out  as  examples,  accompanied  by  appropriate  problems.  These  vary  in  difficulty 
sufficiently  to  enable  the  teacher  to  formulate  suitable  courses  for  all  schools  where 
mechanical  drawing  is  taught. 

STEAM  BOILERS: 

A  Practical  and  Authoritative  Discussion  of  Boiler  Design  and 
Construction,  and  the  Development  of  Modern  Types.  Revised  by 
Robert  H.  Kuss.  Chicago,  American  Technical  Society,  1917.  82  pp., 
7-1  illus.,  8x6  in.,  cloth.     $1.00. 

Covers  in  a  practical  manner  the  methods  of  construction,  the  proper  testing  of 
materials,  and  the  methods  of  riveting  and  staying.  Describes  different  types  of 
stationary  and  marine  boilers. 

STEAM  CHARTS 

And  Special  Tables  for  Turbine  Calculations.    By  F.  0.  Ellenwood. 

X.  Y.,  John  Wiley  &  Sons,  Inc. ;  Lond.,  Chapman  &  Hall,  Ltd.,  1917. 

49  pp.,  18  charts.    $1.00. 

Comprises  a  series  of  charts  and  tables  to  assist  engineers  in  making  calcula- 
tions involving  wet  or  superheated  steam.  In  the  present  edition,  intended  for  those 
thoroughly  conversant  with  the  application  of  the  tables,  the  problems  and  explanatory 
matter  have  been  eliminated.  Tables  giving  the  theoretical  velocities  of  steam  for 
each  tenth  of  a  heat  unit  up  to  80  British  thermal  units,  and  the  squares  of  num- 
bers from  200  to  2  000  have  been  added. 

LUBRICATING    ENGINEERS    HANDBOOK: 

A  Reference  Book  of  Data,  Tables,  and  General  Information  for 
the  Use  of  Lubricating  Engineers,  Oil  Salesmen,  Operating  Engineers, 
Mill  and  Power  Plant  Superintendents  and  Machinery  Designers,  etc. 
By  John  Rome  Battle.  Phila.  and  Lond.,  J.  B.  Lippincott  Company 
(copyright  1917).     333  pp.,  114  illus.,  9  x  6  in.,  cloth.    $4.00. 

Describes  the  properties  of  various  lubricants  and  the  methods  of  testing  them, 
and  discusses  the  proper  methods  of  lubricating  steam  and  gas  engines,  refrigerating 
machinery,   railway  cars,   locomotives,   rolling  mills,   pneumatic  tools,   etc. 

THE  PRINCIPLES  OF  AEROGRAPHY. 

Bv  Alexander  McAdie.  N.  Y.  and  Chic,  Rand  McNally  Co.  (copy- 
right'1917).    12  +  318  pp.,  112  illus.,  8x6  in.,  cloth.    $3.00. 

The  author's  especial  aim  has  been  to  give  prominence  to  the  results  of  recent 
aerological  investigations.  The  centimeter-gram-second  system  of  units  is  used. 
More  than  usual  attention  is  given  to  cloud  forms  and  the  thermodynamics  of  their 
formation  and  dissipation. 
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AEROPLANE  DESIGN. 

By  F.  S.  Barnwell,  and  "A  Simple  Explanation  of  Inherent  Sta- 
bility", by  W.  H.  Sayers.  N.  Y.,  Robert  M.  McBride  &  Co.,  1917. 
102  pp.,  28  illus.,  7x5  in.,  cloth.    $1.00. 

These  two  papers  have  been  published  in  The  Aeroplane.  In  the  first,  Mr.  Barn- 
well attempts  a  precis  of  the  general  principles  for  the  information  of  trained  engi- 
neers without  experience  in  airplane  design.  Mr.  Sayers  offers  a  non-mathematical 
explanation    of   the   known   principles   by    which   inherent   stability    may    be    attained. 

LEARNING  TO  FLY  IN  THE  U.  S.  ARMY: 

A  Manual  of  Aviation  Practice.  By  E.  IST.  Eales.  N.  Y.,  McGraw- 
Hill  Book  Co.,  Inc. ;  Lond.,  Hill  Publishing  Co.,  Ltd.,  1917.  9  +  180 
pp.,  39  illus.,  1  pi.,  7x5  in.,  leather.    $1.50. 

Parallels  the  instruction  given  under  the  author's  direction  in  the  U.  S.  Ground 
School  of  Military  Aeronautics,  University  of  Illinois  Branch.  Sets  forth  for  the  non- 
technical student  aviator  what  he  must  know  in  order  properly  to  understand  his 
airplane,  to  keep  it  trued  up,  and  to  operate  it  in  cross-country  flights. 

MACHINE  GUNS: 

Part  1,  Mechanism,  by  Capt.  Julian  S.  Hatcher;  Part  2,  The  Prac- 
tical Handling  of  Machine  Gun  Fire,  by  First  Lt.  Glenn  P.  Wilhelm; 
Part  3,  Machine  Gun  Tactics,  by  First  Lt.  Harry  J.  Malony.  Menasha, 
George  Banta  Publishing  Company  (copyright  1917).  233  pp.,  84 
illus.,  3  diagrams,  8x5  in.,  cloth.    $2.50. 

The  authors  have  been  instructore  in  the  Machine  Gun  School,  at  Harlingen,  Tex., 
since  its  establishment  in  1916,  and  have  based  this  manual  on  notes  made  during 
their  work.  The  guns  described  are  the  Benet-Mercie,  the  Lewis,  the  Maxim,  the 
Vickers,  and  the  Colt. 

APPLIED   ELECTROCHEMISTRY   AND  WELDING: 

A  Practical  Treatise  on.  Commercial  Chemistry,  the  Electric  Fur- 
nace, the  Manufacture  of  Ozone  and  Nitrogen  by  High-Tension  Dis- 
charges, and  the  Applications  of  Electric,  Gas  and  Chemical  Welding 
to  Manufacturing  and  Kepair  Work.  Part  1,  Applied  Electrochemistry, 
by  Charles  F.  Burgess;  Part  2,  Welding,  by  George  W.  Cravens. 
Chicago,  American  Technical  Society,  1917.  83  -\-  132  pp.,  186  illus., 
8x6  in.,  cloth.    $1.50. 

A  concise  account  of  the  principles  involved  in  electrolysis,  electrothermics,  and 
electrical  discharges  in  gases,  of  the  apparatus  used  commercially,  and  of  the  prod- 
ucts obtained.  The  section  devoted  to  welding  describes  the  methods  of  riveting, 
welding,   soldering,   and  cutting  with  electricity,   gases,   and   thermit. 

CHEMISTRY  IN  THE  SERVICE  OF  MAN. 

By  Alexander  Findlay.  2d  ed.  IST.  Y.  and  Lond.,  Longmans,  Green 
and  Co.,  1917.     15  -f  272  pp.,  23  illus.,  3  por.,  cloth.    $2.00. 

An  account  of  some  of  the  more  important  general  principles  and  theories  of 
chemical  science  and  of  their  industrial  applications,  intended  for  the  general  reader. 
A  certain  amount  of  new  matter  has  been  added  to  this  edition,  including  a  new 
^hapter  on  Fermentation  and  Enzyme  Action. 

CALCULATIONS  USED  IN  CANE  SUGAR  FACTORIES: 

A  Practical  System  of  Chemical  Control  for  the  Sugar  Houses  of 
Louisiana,  the  Tropics,  and  Other  Can\3-Producing'  Countries.  By  Irv- 
ing H.  Morse.  2d  ed.,  rewritten.  N.  Y.,  John  Wiley  &  Sons,  Inc.; 
Lond.,  Chapman  &  Hall,  Ltd.,  1917.    189  pp.,  7x4  in.,  cloth.    $2.00. 

Intended  for  technical  superintendents  and  chief  chemists  of  sugar  mills. 
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THE  THEORY   AND  PRACTICE  OF  SCIENTIFIC  MANAGEMENT. 

By  C.  Eertrand  Tlionipsoii.  Bost.,  N.  Y.,  and  Chic,  Houghton 
Mitllin  Co.    319  pp.,  8x5  in.,  cloth.    $1.75. 

An  attempt  to  present  the  fact.s  concerning  the  subject  and  to  appraise  the  move- 
ment as  a  whole.  Contents  :  What  Scientific  Management  Is ;  Frodericlc  Winslow 
Taylor:  Scientific  Management  in  Practice;  Economic  Aspects  of  Scientific  Manage- 
ment ;   The  Literature  of   Scientific   Management  ;    Bibliography. 

SCIENTIFIC  OFFICE  MANAGEMENT. 

By  W.  H.  T^effiupwell.  N.  Y.,  Chic,  and  Lond.,  A.  W.  Shaw  Com- 
jiany  (copyright  li'lT).  253  pi).,  32  illus.,  3  diagrams,  11  x  9  in.,  cloth. 
$10.00. 

This  is  a  report  on  the  results  obtained  by  the  author  during  ten  years  experience 
in  the  application  to  office  work  of  the  principles  of  the  Taylor  system,  including 
planning,  analysis,  time  and  motion  study,  task  and  bonus  plans,  etc.  Gives  a  plan 
for  applying  the  system. 

OF?JCE  MANUAL. 

Including  Policy  Book  and  Standard  Practice  Instructions.  N.  Y., 
A.  W.  Shaw  Co.  (copyright  1917).     50  pp.,  10  x  8  in.,  cardboard. 

A  sample  office  manual  supplementing  LefRngwell's  "Scientific  Oflice  Manage- 
ment" and  intended  to  assist  managers  in  preparing  a  manual  for  their  own  es- 
tablishments. 

LIABILITY   AND   COMPENSATION   INSURANCE: 

Industrial  Accidents  and  Their  Prevention,  Employers'  Liability, 
Workmen's  Compensation,  Insurance  of  Employers'  Liability  and 
Workmen's  Compensation.  By  Ralph  H.  Blanchard.  N.  Y.  and  Lond., 
D.  Appleton  &  Company,  1917.  12  +  394  pp.,  13  illus.,  8x5  in., 
cloth.     $2.00. 

Intended  to  present  the  results  of  the  workmen's  compensation  movement  in  tlie 
United  States  in  terms  of  legislation  and  insurance  practice,  and  to  explain  the  in- 
dustrial accident  problem  and  the  development  of  liability  and  compensation  prin- 
ciples as  a  background  for  the  comprehension  of  present   problems. 

THE  ESSENTIALS  OF  DESCRIPTIVE  GEOMETRY. 

By  F.  G.  Iligbee.  2d  ed.,  rev.  N.  Y..  John  Wiley  &  Sons,  Inc.; 
Loud.,  Chapman  &  Hall,  Ltd.,  1917.  218  pp.,  177  illus.,  9x0  in., 
cloth.    $1.80. 

A  textbook  discussing  the  subject  from  the  point  of  view  of  a  draftsman,  in  which 
are  included  only  those  portions  of  it  which  possess  industrial  utility.  In  addition 
to  the  correction  and  revision  of  the  text  of  the  first  edition,  a  chapter  on  tangencies 
has  been  added. 

THE  J.   E.   ALDRED   LECTURES  ON  ENGINEERING   PRACTICE    1916=1917. 

The  Johns  Hopkins  University,  Department  of  Engineering. 
Baltimore,  The  John  Hopkins  Press.  254  pp.,  82  illus.,  9  diagrams,  1 
map,  9x0  in.,  pap.     (Gift  of  A.  G.  Christie.) 

Comprises  nine  lectures  delivered  before  the  undergraduate  engineering  students 
of  the  University.  The  practical  phases  of  engineering  problems,  rather  than  the 
underlying  theory,  are  given  promitience.  Contents  :  The  Operation  of  a  Ilydro- 
Blictric  Plant,  by  A.  E.  Pauhan  ;  Some  Things  Engineers  Should  Know  Concerning 
the  Rudiments  of  Corporate  Finance,  by  Ralph  D.  Mershon  :  The  Development  of 
Power  from  the  Standpoint  of  the  Boiler  Room,  by  C.  F.  Ilirshfeld  ;  Power  and 
Service  in  Industrial  Plants,  by  R.  J.  S.  Pigott :  Gas  Manufacture,  Construction,  and 
Operation,   by   George   P.    Marrow ;    Rapid   Transit   Problems    in   American    Cities,    by 
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George  Staples  Rice:  Some  Practical  Problems  Met  with  in  the  Design  and  Con- 
struction of  Bridges  and  Similar  Structures,  by  W.  W.  Pagon  ;  Experimental  Engi- 
neering, Particularly  the  Construction  of  Testing  Stations  on  Water  and  Sewerage 
Problems,  by  Langdon  Pearse ;  Public  Utility  Engineering  and  Finance,  by  Herbert 
A.  Wagner. 

HENDRICKS'   COMMERCIAL   REGISTER  OF   THE   UNITED   STATES,    1917-1918: 

For  Buyers  and  Sellers,  with  Which  has  been  Incorporated  "The 
Assistant  Buyer,"  Especially  Devoted  to  the  Interests  of  the  Architec- 
tural, Contracting,  Electrical,  Engineering,  Hardware,  Iron,  Mechan- 
ical, Mill,  Mining,  Quarrying,  Railroad,  Steel,  and  Kindred  Industries. 
N.  Y..  S.  E.  Hendricks  Co.,  Inc.,  1917.  2  227  pp.,  10  x  8  in.,  cloth. 
$10.00. 

Enlarged  from  the  previous  edition  by  more  than  400  pages.  Includes,  as  a  new 
section,  an  alphabetic  list  of  the  firms  and  individuals  appearing  in  the  classified 
Trades  Section. 

INOENIERIA    DE   FERROCARRILES: 

La  Teoria  y  Practica  Fundamental  de  Ferrocarriles,  Desde  la  Con- 
eepcion  del  Idea  Hasta  la  Terminacion  del  Trazo.  Por  Verne  LeRoy 
Havens.  N.  Y.,  John  Wiley  &  Sons,  Inc.;  Lond.,  Chapman  &  Hall, 
Ltd.,  1917.     10  +  357  pp.,  48  illus.,  1  diagram,  7x4  in.,  cloth.     $3.50. 

A  pocketbook  for  railway  surveyors  and  locating  engineers  in  Latin  America, 
intended  to  meet  the  need  for  such  a  book  in  Spanish.  Covers  the  entire  work,  from 
the  preliminary  commercial  considerations  to  the  final  survey,  including  the  docu- 
ments and  data  required  to  accompany  the  surveys  when  submitted  to  South  Ameri- 
can Governments. 

PRACTICAL  ROAD  BUILDING. 

By  Charles  E.  Foote.  Endorsed  by  the  National  Highways  Associa- 
tion and  the  American  Automobile  Association.  Philadelphia,  David 
McKay,  1917.    13  +  295  pp.,  40  illus.,  7x5  in.,  cloth.    $1.25. 

A  manual  of  information  on  the  construction,  maintenance,  and  advantages  of 
the  various  types  of  roads  used  in  America,  intended  to  summarize  present-day  ex- 
pert knowledge  on  the  subject  in  a  form  intelligible  to  the  general  public. 

PRACTICAL  STRUCTURAL  DESIGN: 

A  Text  and  Reference  Work  for  Engineers,  Architects,  Builders, 
Draftsmen,  and  Technical  Schools;  Especially  Adapted  to  the  Needs 
of  Self-Tutored  Men.  By  Ernest  McCullough.  N.  Y.,  IT.  P.  C.  Book 
Company,  Inc.,  1917.    303  pp.,  185  illus.,  9x6  in.,  cloth.    $2.50. 

The  subject-matter  of  this  book  is  based  on  a  series  of  articles  on  the  "Design 
of  Beams,  Girders  and  Trusses",  which  appeared  in  Buildinci  Age  during  1914,  but 
includes  much  additional  material. 

WOOD  AND  OTHER  ORGANIC   STRUCTURAL  MATERIALS. 

By  Charles  Henry  Snow.  N.  Y.,  McGraw-Hill  Book  Co.,  Inc.; 
Lond..  Hill  Publishing  Co.,  Ltd.,  1917.  18  +  478  pp.,  90  illus., 
9x6  in.,  cloth.    $5.00. 

The  materials  described  are  woods,  paints,  and  varnishes — with  their  associated 
oils,  pigments,  gums,  and  resins — glueis,  creosotes,  and  India  rubber.  The  author 
presents  the  general  as  well  as  the  physical  characteristics  of  this  group  of 
m.aterials,  gives  in  convenient  tabular  form  descriptions  of  the  various  woods,  dis- 
cusses the  failure  of  wood  because  of  age,  decay,  fire,  and  animal  attacks,  and  the 
methods  of  protection  from  these  destructive  agencies.  Full  bibliographic  notes  are 
included. 
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THE  BUILDING  ESTIMATOR'S  REFERENCE  BOOK: 

A  Practical  and  Thoroughly  Reliable  Kcfcronce  Book  for  Con- 
tractors and  Estimators  Engaged  in  Estimating  the  Cost  of  and  Con- 
structing All  Classes  of  Modern  Buildings;  Giving  the  Actual  Labor 
Costs  and  Methods  Employed  in  the  Erection  of  Some  of  Our  Present 
Day  Structures,  Together  with  All  Necessary  Material  Prices  and  Labor 
Quantities  Entering  Into  the  Cost  of  All  Classes  of  Buildings.  By 
Frank  R.  Walker.  2d  ed.,  rev.  Chic.,  Frank  R.  Walker,  1917.  3535 
pp..  7x5  in.,  leather.    $5.00.     (Gift  of  the  author.) 

Presents  costs  compiled  from  the  actual  cost  sheets,  and  chiefly  from  constriKtion 
work   under  the   author's   supervision. 

WATER-SUPPLY   ENGINEERING: 

The  Designing  and  Constructing  of  Water-Supply  Systems.  By 
A.  Prescott  Folwell.  3d  ed.,  rewritten.  N.  Y.,  John  Wiley  &  Sons, 
Inc.;  Lend.,  Chapman  &  Hall,  Ltd.,  1917.  15  -f  484  pp.,  121  illus., 
9x6  in.,  cloth.     $3.50. 

In.  this  edition  the  matter  treating  of  water  purification  and  the  quality  of  water 
has  been  entirely  rewritten  at  much  greater  length  ;  that  describing  pumping  ma- 
chinery is  practically  new  throughout,  and  hardly  a  paragraph  of  the  original  text 
has  been  used  without  some  change  calculated  to  bring  the  subject  up  to  date.  To 
avoid  making  the  book  too  large,  the  text  relating  to  construction  has  been  con- 
densed to  a  single  chapter,  and  that  dealing  with  maintenance  and  hydraulics  has 
been  omitted. 

OPERATION   AND   MAINTENANCE  OF    IRRIGATION   SYSTEMS. 

By  S.  T.  Harding.  N.  Y.,  McGraw-Hill  Book  Company,  Inc.; 
Lond.,  Hill  Publishing  Company,  Ltd.,  1917.  12  +  271  pp.,  27  illus., 
9x6  in.,  cloth.    $2.50. 

A  discussion  of  the  policies  and  methods  used  in  the  United  States,  in  which  the 
general  principles  are  given,  together  with  typical  examples  of  their  local  applica- 
tions. Contents  :  General  Maintenance  ;  Maintenance  of  Irrigation  Systems  ;  Organi- 
zation for  Operation  and  Maintenance;  Methods  of  Delivering  Irrigation  Water; 
Measurement  of  Irrigation  Water  ;  Rules  and  Regulations  ;  Payment  for  Construction 
and  Operation  Charges  ;  General  Operation  ;  Operation  and  Maintenance  Accounts  ; 
Rules  and   Regulations. 
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ROLL  OF  HONOR 

A   List  of   Members  of   the   Society  who   are   Serving   in   the  Army 
or  Navy  of  the  United  States  or  Any  of  its  Allies. =•= 

Abbot,  Frederic  V.  Brig-Gen.,  Corps  of  Engrs.,  N.  A.,  Office,  Chf. 
of  Engrs.,  U.  S.  A.,  Washington,  D.  C. 

Ackerman,  Alexander  S.     1st  Lieut,  E.  O.  R.  C,  Care,  Depot  Q.  M.. 

New  York  City. 

Adams,  Edward  M.  Maj.,  IT.  S.  A.,  Care,  The  Adjutant-Gen.,  U.  S.  A., 
Washington,  D.  C. 

Adams,  Milton  Jewell.  Capt.,  Co.  C,  114th  Engrs.,  Camp  Beauregard, 
Alexandria,  La. 

Alden,  Herbert  C.  1st  Lieut.,  C.  A.  C,  N.  G.  U.  S.,  Fort  Schuyler, 
New  York  City. 

Allen,  Franklin  R.    Capt.,  E.  O.  E.  C,  3d  Co.,  Fort  Leavenworth,  Kans. 

Allen,  Ralph  B.     1st  Lieut.,  Co.  B,  25th  Engrs.,  Am.  Exp.  Force. 

Allen,  Walter  Hinds.  Civ.  Engr.,  U.  S.  N. ;  Lt.-Commander;  Public' 
Works  Officer,  Navy  Yard,  New  York  City. 

Allison,  William  F.  Maj.,  E.  O.  R.  C,  Am.  Exp.  Force,  France. 

Altstaetter,  F.  W.     Col.,  Corps  of  Engrs.,  F.  S.  A.,  P.  O.  Box  216, 

Grand  Rapids,  Mich. 
Anderson,  J.   H.     1st  Lieut.,  E.  O.   R.   C,   1st  Co.,   Camp  American 

University,  Washington,  D.  C. 

Anderson,  W.  P.  Capt.,E.  O.  R.  C,  1st  Co.,  Camp  American  Uni- 
versity, Washington,  D.  C. 

Andrews,  J.  H.  M.    Maj.,  103d  Engrs.,  Camp  Hancock,  Augusta,  Ga. 

Ardery,  Edward  Dahl.  Maj.,  Corps  of  Engrs.,  U.  S.  A.,  Am.  Exp. 
Force. 

Armstrong,  Charles  Johnstone.  Brig.-Gen.;  Chf.  Engr.,  Canadian 
Army  Corps,  B.  E.  F.,  604  Royal  Trust  Bldg.,  Montreal,  Que., 
Canada. 

Armstrong,  Merwin.  Capt.,  Co.  D,  105th  Engrs.,  Camp  Sevier,  Green- 
ville, S.  C. 

Arn,  William  Q.  Capt.;  Adjutant,  1st  Bn.,  13th  U.  S.  Engrs.  (Ry.), 
Am.  Exp.  Force,  France. 

Asplundh,  E.  T.  Capt.;  Supply  Officer,  103d  Engrs.,  28th  Div.,  Camp 
Hancock,  Augusta,  Ga. 

Atterbury,  W.  W.  Brig.-Gen.;  Director  Gen.  of  Transportation,  Am. 
Exp.  Force. 

Austin,  Hurieosco.  Capt.,  E.  O.  R.  C,  Co.  D,  501st  Engr.  Service  Bn., 
Am.  Exp.  Force. 

*  This  list  is  made  up  from  replies  to  a  circular  forwarded  to  members  of  the 
Society,  and  others,  and  is  probably  neither  accurate  nor  complete.  It  is  requested 
that  the  attention  of  the  Secretary  be  called  to  any  omissions  or  inaccuracies  in  order 
that  they  may  be  corrected  in  subsequent  lists. 
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Ay  res,  Quincy  C.     iM  Lieut.,  E.  O.  R.  C,  1022  Vermont  Ave.,  N.  W., 
Washin-ton.  D.  C. 

Bailey,   Lewis    P.      Capt.,   E.   O.   R.   C,   Co.   A,   304tli   Engrs.,   Camp 
]\re:ul(\  liiiltiiiiore,  Md. 

Bailhache,  John  G.     2d  Lieut.,  E.  O.  11.  C,  Vancouver  Barracks,  Van- 
couver, Wash. 

Baker,  H.  S.      Capt.,  E.  O.  R.  C;  Const.  Q.  M.,  Camp  Bowie,  Fort 
Worth,  Tex. 

Balch,  William   H.     Capt.,  E.  O.  R.   C,  Camp  American   L^niversity, 

Washin-ton,  D.  C. 
Bandy,  Edward  L.     1st  Lieut.,  E.  O.  R.  C,  Camp  American  University, 

Washin.yton,  D.  C. 
Barber,   Norman   N.      1st  Lieut.,  E.   O.  R.   C,   0th   Enu,rs.,  Am.   Exp. 

Force,  France. 
Barclay,  A.  J.     1st  Lieut.,  E.  O.  R.  C,  Fort  Leavenworth,  Ivans. 
Barney,   Samuel    E.     Maj.,   E.   O.  R.   C.    (Unassigned),  346  W^hitney 

Ave.,  Xcw  Haven,  Conn. 
Barstow,    Eugene    Duston.      1st   Lieut.,   E.    O.   R.    C.    (Unassigned), 

Cuyahos-a    Falls,    Ohio. 
Bartholomew,   B.   W.     2d  Lieut.,   E.   O.   R.   C,   301st  Engrs.,   Camp 

L)evens,  Ayer,  Mass. 
Battie,  H.  S.    1st  Lieut.,  E.  O.  R.  C,  1st  Co.,  Fort  Leavenworth,  Kans. 
Bayliss,  Paul.    2d  Lieut.,  E.  O.  R.  C,  3d  Co.,  Fort  Leavenworth,  Kans. 
Beach,  Lansing  H.    Col.,  Corps  of  Engrs.,  U.  S.  A.,  412  Custom  House, 

Cincinnati,  Ohio. 
Beall,    Pendleton.      Private,   Headquarters   Co.,    165th   U.    S.    I.,    83d 

Brigade,  42d  Div. 
Beemer,  John  A.     Capt.,  E.  O.  R.  C,  Vancouver  Barracks,  Vancouver, 

Wash. 
Beerbower,   Dumont.     1st  Lieut.,  E.  O.  R.  C,  Camp  American  Uni- 
versity. Washington,  D.  C. 
Begg,  R.  B.  H.     Capt.,  E.  O.  R.  C,  Am.  Exp.  Force,  France. 
Behrman,  L  E.     1st  Lieut.,  E.  O.  R.  C,  26th  Engrs.,  Am.  Exp.  Force, 

France. 
Belzner,  Theodore.     1st  Lieut.,  E.  O.  R.  C,  574  West  lT6th  St.,  New 

York  City. 
Benham,  W.  L.     ]\Iaj.,  Q.  M.  R.  C,  Camp  Funston,  Fort  Riley,  Kans. 
Bennison,  Ernest  William.     1st  Lieut.,  E.  0.  R.  C,  Fort  Leavenworth, 

Kans. 
Bensel,  J.  A.     Maj.,  E.  O.  R.  C,  Engr.  Depot,  Norfolk,  Va. 
Bixby,  William  H.    Brig.-Gen.,  U.  S.  A.  {Retired),  428  Custom  House, 

St.  Louis,  Mo. 
Black,  Dudley  F.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 
Black,  G.  G.    Capt.,  E.  O.  R.  C;  Acting  Adjutant,  314th  Engrs.,  Camp 

Funston,  Junction  City,  Kans. 
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Black,  Roger  Derby.  Lt.-CoL,  Corps  of  Engrs.,  U.  S.  A.,  Headquarters, 
Am.  Exp.  Force. 

Black,  R.  P.    1st  Lieut.,  E.  O.  R.  C.  (Unassigned),  Sewanee,  Tenn. 
Black,  William  M.     Brig.-Gen. ;  Chf.  of  Engrs.,  U.  S.  A.,  War  Dept., 
Washington,  D.  C. 

Blackman,  J.  W.  B.  Lieut.,  Canadian  Ry.  Troops,  Canadian  Expedi- 
tionary Force. 

Boesch,  Clarence  E.   Capt.,  105tli  Engrs.,  Camp  Sevier,  Greenville,  S.  C. 
Boggs,  F.  C.     Lt.-Col.,_  Corps  of  Engrs.,  U.  S.  A. ;  Col.,  315tli  Engrs., 
N.  A.,  Camp  Travis,  San  Antonio,  Tex. 

Boland,  Charles  J.  1st  Lieut.,  Signal  Corps,  U.  S.  A.,  228  Eighth  St., 
Troy,  N.  Y. 

Bolin,  Harry  W.  Sergeant,  Co.  E.,  23d  Engrs.,  Camp  Meade,  An- 
napolis Junction,  Md. 

Bond,  P.  S.  Col.,  107th  Engrs.;  Div.  Engr.,  32d  Div.,  Camp  Mac- 
Arthur,  Waco,  Tex. 

Boorman,  Kitchell  M.  Sapper,  Canadian  Engrs.,  Training  Depot, 
St.  Johns,  Que.,  Canada. 

Booz,  Horace  Corey.  Maj.,  Staff  of  Director-Gen.  of  Rys.,  Am.  Exp. 
Force,  France. 

Bott,  C.  N.  1st  Lieut.,  E.  O.  R.  C,  312th  Engrs.,  Camp  Pike,  Little 
Rock,  Ark. 

Bowlby,  Henry  L.  Capt.  and  Regimental  Adjt.,  20th  Engrs.,  Camp 
American  University,  Washington,  D.  C. 

Brewster,  Henry  B.  Capt.  and  Adjt.,  303d  Engrs.,  Camp  Dix,  Wrights- 
town,  N.  J. 

Bright,  Graham  B.  Capt.  and  Regimental  Adjt.,  305th  Engrs. 
(Pioneers),  Camp  Lee,  Petersburg,  Va. 

Brooking,  J.  H.  1st  Lieut.,  Co.  B,  12th  Engrs.  (Ry.),  Am.  Exp.  Force, 
France. 

Brown,  Alfred  T.  Capt.,  E.  O.  R.  C,  Camp  American  University, 
Washington,  D.  C. 

Brown,  Clarence  C.  1st  Lieut.,  Co.  E,  12th  Engrs.  (Ry.),  Am.  Exp. 
Force,  France. 

Brown,  Earl  I.     Col.,  317th  Engrs.,  Camp  Sherman,  Chillicothe,  Ohio. 

Brown,  Elliot  C.  Lt.-Commander,  U.  S.  N.  R.,  Naval  Base,  Nor- 
folk, Va. 

Brown,  H.  Whittemore.     2d  Lieut.,  E.  0.  R.  C,  301st  Engrs.,  Camp 

Devens,  Ayer,  Mass. 
Brown,  Marshall  W.     Maj.,  E.  O.  R.  C,  Am.  Exp.  Force,  P.  O.  702, 

France. 

Brown,  Robert  H.  Capt.,  San.  Corps,  N.  A.,  21  West  127th  St.,  New 
York  City. 

Buck,  Richard  S.    Maj.,  11th  Engrs.  (Ry.),  Am.  Ex>p.  Force,  France. 

Buck,  Walter  Van.  Capt.,  23d  Engrs.,  Camp  Meade,  Annapolis  Junc- 
tion, Md. 


NovoimIht,  l!)I7.|  ROLL  OF   HOXOH  7()1 

Buckwalter,  Harris  D.     Capt.,  E.  O.  R.  C,  1st  Co.,  Camp  American 

Fnivcrsity.  Washinfjton,  D.  C. 
Bunker,  Stephen  S.     Capt.,  E.  O.  R.  C,  Co.  C,  503d  vServico  Bn.,  Camp 

MiMTitt.  Tonally,  N.  J. 
Burdett,  O.  L.     Capt.,  Co.  A,  25th  Engrs.,  Camp  Devens,  Ayer,  Mass, 
Burgess,  Harry.     Lt.-Col.,  Corps  of  Engrs.,  IT.  S.  A.,  Am.  Exp.  Force, 

Franco. 
Burrows,  H.  Q.     1st  Lieut.,  Co.  B,  25th  Engrs.,  Camp  Devens,  Ayer, 

Mass. 
Burton,  William.     1st  Lieut.,  E.  O.  R.  C,  734  Fifteenth  St.,  Washing- 
ton. I).  C. 
Bushnell,   Howard   B,     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 
Bushnell,  Howard  E.    Capt.,  O.  R.  C,  Picatinny  Arsenal,  Dover,  N.  J. 
Byrd,  J.  H.     Capt..  E.  0.  R.  C. 
Cameron,  Harry  Frank.    Maj.,  E.  O.  R.  C,  301st  Engrs.,  Camp  Devens, 

Ayer,  IVIass. 
Camp,  Qeorge  Dashiell.     1st  Lieut.,  E.  O.  R.  C,  310  East  Elmira  St., 

San  Antonio,  Tex. 
Carey,  Matthew  L.    Capt.,  Q.  M.  R.  C,  Camp  Dix,  Wrightstown,  N.  J. 
Carey,  William  N.     Capt.  and  Adjt.,  313th  Engrs.,  Camp  Dodge,  Des 

Moines,  Iowa. 
Carroll,  James  E.   Maj.,  E.  O.  R.  C,  1682  Lincoln  Ave.,  St.  Paul,  Minn. 
Carty,  J.  J.    Col.,  Signal  Corps,  U.  S.  A. 
Caton,  John  H,,  3d.     Capt.,  E.  O.  R.  C,  Camp  American  University, 

Washington,  D.  C. 
Cattell,  William  A.     Maj.,  E.  O.  R.  C.  (Unassigned),  Foxcroft  Bldg., 

San  Francisco,  Cal. 
Cherry,  Alan  Gordon.    Regimental  Sergeant-Maj.,  301st  Engrs.,  Camp 

Devens,  Ayer,  JMass. 
Chevalier,   Willard   T.     Capt.,   Co.   D,   11th  Engrs.   (Ry.),  Am.   Exp. 

Force,  France. 
Chittenden,  Albert  Frederick.     1st  Lieut..  Co.  F,  18th  Engrs.   (Ry.), 

Am.  Exp.  Force,  France. 
Christensen,  George  A.     Capt.  (Q.  M,),  E.  O.  R.  C,  Camp  Kearney, 

San  Diego,  Cal. 
Christophers,  Reginald  Gillon.     No.  60286,  2d  Lieut.,  34th  Reinforce- 
ments, New  Zealand  Exp.  Force,  Care  G.  P.  O.,  Wellington,  New 

Zealand. 
Churchill,  Percival  M.    Maj.,  E.  0.  R.  C,  2d  Bn.,  304th  Engrs.,  Camp 

Meade.  Baltimore,  Md. 

Clarke,  Thomas  C.     Capt..  E.  O.  R.  C,  Camp  American  University, 

Washington,  D.  C. 
Clayton,  Thomas  W.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Ivans. 
Cleveland,   Lou   B.     1st  Lieut.,   Co.   D,   105th  Engrs.,   Camp   Sevier, 

Greenville,  S.  C.  •  . 
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Coe,  C.  S.    Capt.,  17th  Engrs.  (Ry.);  Am.  Exp.  Force,  Erance. 

Coe,  E.   K.     Maj.,  E.  O.  R.  C,  Care,  Engr.  Corps,  Am.  Exp.  Force, 

France. 
Colgan,  R.  J.     Capt.,  11th  Engrs.  (Ry.),  Am.  Exp.  Force,  France. 
Compton,  Arthur  M.     Lt.-Col,  126th  F.  A.,  Artillery  School  of  Fire, 

Fort  Sill,  Okla. 
Compton,  R.  Keith.    Maj.,  E.  O.  R.  C,  Camp  Meade,  Admiral,  Md. 
Conway,  N.  B.     Capt.,  E.  O.  R.  C,  6th  Co.,  Fort  Leavenworth,  Ivans. 
Cook,   Paul   D.     Capt.  and  Adjt.,  2d  Bn.,  109th  Engrs.,  Camp  Cody, 

Deming,  IST.  Mex. 
Coomer,  R.  M.     Capt.,  E.  O.  R.  C,  Headquarters,  Eng.  Corps,  Line  of 

Communications,  Am.  Exp.  Force,  France. 
Cooper,  David  R.     Capt.,  E.  0.  R.  C,  Am.  Exp.  Force. 
Cooper,  Hugh  L.     Maj.,  E.  O.  R.  C,  Headquarters,  Am.  Exp.  Force, 

France. 
Copeland,  Robert  Morris.    2d  Lieut.,  E.  O.  R.  C,  311th  Engrs.,  Camp 

Funston.  Junction  City,  Kans. 
Corkran,  Wilbur  Sherman.     1st  Lieut.,  Co.  A,  1st  Engrs.,  Am.  Exp. 

Force,  France. 
Cornish,  Lorenzo  D.     Capt.,  E.  O.  R.  C,  Co.  C,  15th  Engrs.   (Ry.), 

Am.  Exp.  Force. 
Cory,  Harry  Thomas.     Maj.,  E.  O.  R.  C.  (Unassigned),  Nevada  Bank 

Bldg.,  San  Francisco,  Cal. 
Cosby,  Spencer.     Col.,  Corps  of  Engrs.,  U.  S.  A.,  5th  U.  S.  Engrs., 

Corpus  Christi,  Tex. 
Cowles,  William  Pierce.     Maj.,  E.  O.  R.  C,  3227  Portland  Ave.,  Min- 
neapolis, Minn. 
Cragin,  Charles  Calhoun.     Capt.,  Co.  C,  18th  Engrs.  (Ry.),  Am.  Exp. 

Force,  France. 
Crane,  Albert  Eli.    1st  Lieut.,  Co.  A,  6th  Engrs.,  Washington  Barracks, 

Washington,  D.  C. 
Crawford,    Hugh    W.     Capt.,   Co.   A,   110th  Engrs.,   35th   Div.,   Camp 

Doniphan,  Fort  Sill,  Okla. 
Crecelius,  S.  F.    Maj.,  E.  O.  R.  C,  Am.  Exp.  Force,  France. 
Crocker,    Herbert    Samuel.      Maj.,    E.    O.    R.    C,    Cantonment    Div., 

O.  Q.  M.  G.,  15th  and  M  Sts.,  K  W.,  Washington,  D.  C. 
Crocker,  James  R.    Capt.,  Co.  F,  106th  Engrs.,  Camp  Wheeler,  Macon, 

Ga. 
Crosby,   W.  W.     Lt.-Col.,  104th  Engrs.,  Camp  McClellan,  Anniston, 

Ala. 
Crozier,  William.     Maj.-Gen.  U.  S.  A.;  Chief  of  Ordnance,  War  Dept., 

Washington,  D.  C. 
Cudebec,  Albert  B.    Capt.,  E.  O.  R.  C,  Am.  Exp.  Force,  U.  S.  Military 

P.  O.  No.  702,  France. 
Curfman,  Lawrence  E.     Maj.,  314th  Engrs.,  Camp  Funston,  Junction 

City,  Kans. 
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Currey.  J.  W.     1st  Liout.,  E.  O.  E.  C,  Enf?r.  Field  Depot,  Laredo,  Tex. 

Darville,  M,  A.     2i\  Lieut.,  E.  O.  K.  C,  Training  Camp,  Belvoir,  Va. 

Davidson,  (ieor8;e  B.  2d  Lieut.,  E.  O.  K.  C,  Camp  American  Univer- 
sity, Washiii-iton,  D.  C. 

Davis,  Chandler.  Cajit.,  (Uh  U.  S.  Engrs.,  Washington  Barracks, 
Wash iufi ton,  i).  C. 

Davis,  Daniel  E.  1st  Lieut.,  E.  O.  R.  C,  Care,  Const.  Q.  M.,  Camp 
ILiiieoek,  Aus'usta,  Ga. 

Davis,  Frederick  A.  W.  1st  Lieut.,  Co.  E,  102d  Engrs.,  Camp  Wads- 
worth.  Spartanhurg,  S.  C. 

Davis,  John  C.     Capt.,  C.  A.  O.  R.  C,  Fort  Monroe,  Va. 

Davis,  Robert  M.  1st  Lieut.,  E.  O.  R.  C,  IT.  S.  Geological  Survey, 
Washington,  D.  C. 

Davy,  J.  J.     1st  Lieut.,  23d  Engrs.,  Camp  Meade,  Baltimore,  Md. 

Dean,  Bertram  D.  Capt.  and  Regimental  Adjt.,  25th  Engrs.,  Camp 
Devons.  Ayer,  Mass. 

de  Charms,  Richard,  Jr.  1st  Lieut.,  E.  O.  R.  C,  Co.  A,  503d  Engrs. 
(Service  Bn.),  Camp  Merritt,  Tenafly,  N.  J. 

Dedicke,  E.  C.     2d  Lieut.,  TJ.  S.  A.,  8  Elizabeth  St.,  Utica,  N.  Y. 

Dennis,  William  F.  Maj.,  E.  O.  R.  C.  (Unassigned),  2201  Massachu- 
setts Ave.,  Washington,  D.  C. 

Dent,  Elliott  J.     Col.,  2()th  Engrs.,  Camp  Dix,  Wrightstown,  N.  J. 

Derby,  GeorRe  McC.  Lt.-Col.,  Corps  of  Engrs.,  U.  S.  A.,  U.  S.  Engr. 
Office,  511)  Canal  St.,  New  Orleans,  La. 

Dobson,  Gilbert  C.  Capt.,  E.  O.  R.  C,  314th  Engrs.,  Camp  Funston, 
Junction  City,  Kans. 

Doebler,  Valentine  S.  Capt..  Q.  M.  R.  C,  80G  University  Parkway, 
nnltinioro,  ]\I(1. 

Dohm,  Edward  Clarence.  Capt.,  E.  O.  R.  C,  Vancouver  Barracks, 
Vancouver,  Wash. 

Doten,  Leonard  S.  Capt.,  Q.  M.  R.  C,  1714  Euclid  St.,  N.  W.,  Wash- 
ington, D.  C. 

Downing,  Carl  E.    1st  Lieut.,  E.  O.  R.  C.  (Unassigned),  Belzoni,  Miss. 

Doyle,  John  S.  Capt.,  E.  O.  R.  C;  Sjiecial  Disbursing  Agt.,  Engr. 
Dept.,  U.  S.  A.,  309  Custom  House,  Baltimore,  Md. 

Drew,  C.  D.     Capt.,  11th  Engrs.  (Ry.),  Am.  Exp.  Force,  France. 

Du  Bois,  George  B.  l.st  Lieut,  E.  O.  R.  C;  Commander  of  Gth  Div., 
Engr.  Train,  U.  S.  A.,  Washington  Barracks,  Washington,  D.  C. 

Dunlap,  Walter  H.    Lieut.,  109th  Engrs.,  Camp  Cody,  Deming,  IST.  Mex. 

Dunshee,  Bertram  K.  2d  Lieut.,  E.  O.  R.  C,  316th  Engrs.,  Camp 
Lewis,  Tacoma,  Wash. 

Durham,  Leicester.  Capt.,  E.  O.  R.  C,  3d  Co.,  Camp  American  Uni- 
versity, Washington,  D.  C. 

Eager,  V.  M.  1st  Lieut.,  E.  O.  R.  C,  210  South  Garden  St..  Belling- 
ham.  Wash. 

Eason,  F.  Q.     Capt.,  E.  O.  R.  C.  (Unassigned),  Charleston,  S.  C. 
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Easton,   Russell   B.     Capt.,  E.   O.  R.  C,  2d  Co.,  Fort  Leavenworth, 
Kans. 

Edgerton,  Q.  E.     Maj.,  Corps  of  Engrs.,  U.  S.  A.,  5th  U.  S.  Engrs., 
Brownsville,  Tex. 

Edmondson,   Ralph   S.      1st  Lieut..   23d  Engrs.,  Camp  Meade,   Balti- 
more, Md. 

Edwards,  Q.  G.     Capt.,  Co.  F,  315th  Engrs.,  Camp  Travis,  San  An- 
tonio, Tex. 
Elliott,  J.  W.     Capt.,  E.  O.  R.  C.  {Unassigned),  Care,  Va.  Bridge  & 
Iron  Co.,  Roanoke,  Ya. 

Elliott,   Malcolm.     Maj.,  E.   O.  R.   C.   309th   Engrs.,   Camp  Zachary 
Taylor,  Louisville,  Ivy. 

Embury,  Aymar,  ad,     Capt.,  E.  O.  R.  C,  Office  of  Chf.  of  Engrs.,  War 
Dept.,  Washington,  D.  C. 

Emerson,    Raffe.      Ensign,    Flying    Corps,    U.    S.    N.    R.,    Box    1312, 
Washington,  D.  C. 

Endicott,  Mordecai  T.     Civ.  Engr.,  U.  S.  N. ;  Rear- Admiral,  Bureau 
of  Yards  and  Docks,  U.  S.  Navy  Dept.,  Washington,  D.  C. 

Ernst,  Oswald  H.     Maj.-Gen.,  IT.   S.  A.   {Retired),  1321  Connecticut 
Ave.,  Washington,  D.  C. 

Estes,  F.  E.     Capt.,  17th  Engrs.  (Ry.),  Am.  Exp.  Force,  France. 

Fairbanks,   li.  J.     2d  Lieut.,  E.   O.  R.   C,  1st  Co.,   Camp  American 
University,  Washington,  D.  C. 

Farrin,  James  M.    Capt.,  E.  O.  R.  C,  1st  Co.,  Fort  Leavenworth,  Kans. 

Feigel,  John   H.     1st  Lieut.,  E.  O.  R.  C,  1st  Co.,  Camp  American 
University,  Washington,  D.  C. 

Ferguson,   Harry   Foster.     Lieut..   311th  Engrs.,   Camp  Grant,  Rock- 
ford,  111. 

Fifer,  Frank  P.    Capt.,  E.  O.  R.  C,  Am.  Exp.  Force,  France. 

Finley,  C.  Macf.    Capt.,  E.  O.  R.  C,  Camp  Merritt,  Tenafly,  N.  J. 

Fischer,  Charles.     2d  Lieut.,  308th  Infantry.  Camp  Upton,  Yaphank, 
K  Y. 

Fisher,  Janon.    Maj.,  E.  O.  R.  C.  (Unassigned),  Eccleston,  Md. 

Fitch,  Graham  D.     Lt.-Col.,  U.  S.  A.,  War  Coll.,  Washington,  D.  C. 

Flagg,  Herbert  J.     1st  Lieut.,  Wash.  C.  A.  C,  Fort  Flagler,  Wash. 

Flagler,  C.  A.  F.     Col.,  Corps  of  Engrs.,  U.  S.  A.,  Fort  Leavenworth, 
Kans. 

Flick,  John  K.     Capt.,  E.  O.  R.  C.  (Unassigned),  2609  Guilford  Ave., 

Baltimore,  Md. 
Ford,  William  Ellis.    Capt.,  E.  O.  R.  C,  Camp  Pike,  Little  Rock,  Ark. 
Fouilhoux,  J.  Andre.     Capt.,  School  of  Fire,  Fort  Sill,  Okla. 
Fowler,   Charles   Worthington.      1st  Lieut,  Aviation   Section,   S.   C. 

U.  S.  R.,  73d  Aero  Squadron,  Yale  Club,  New  York  City. 
Fox,  Henry.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 
Frank,  George  Stedman.    Lieut.,  Aviation  Section,  Signal  Corps,  Am 

Exp.  Force,  France. 
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Galbreath,  Albert  W.     1st  Lieut.,  Co.  B,  12th  Engr.^.  (Ky.),  Am.  Exp. 

Force. 
Gallagher,  Leonard  Bruce.    Lieut.,  E.  O.  R.  C,  2d  Co.,  Camp  American 

Univ(>rsity,  Washinj^ton,  D.  C. 
Galloway,  John  D.     I^[aj.,  E.  O.  R.  C.  (Unassigned),  1500  Euclid  Ave., 

H(>rkeley,  Cal. 
Galvin,  James  Augustine.     2d  Lieut.,  E.  O.  R.  C,  Co.  E,  301st  Engrs., 

Camp  Devens,  Ayer,  Mass. 
Gardner,  Warren.     1st  Lieut.,  E.  O.  R.  C,  25G  West  57th  St.,  New 

York  City. 
Gartensteig,  Charles.     Capt.,  E.  O.  R.  C.  (Unassigned). 
Gausmann,  Roy  W.    Capt.,  E.  O.  R.  C,  Co.  D,  303d  Engrs.,  Camp  Dix, 

Wrig-htstown,  N.  J. 
George,   Howard   H.     Capt.,  Co.  E,  305th  Engrs.,  Camp  Lee,  Peters- 
burg, Va. 
Gibbs,  E.  A.    Maj.,  15th  U.  S.  Engrs.  (Ry.),  Am.  Exp.  Force. 
Gibbs,  William  Wetmore.     1st  Lieut..  E.  O.  R.  C,  Co.  A,  6th  Engrs., 

Washington  Barracks,  Washington,  D.  C. 
Giesting,  Frank  A.     Maj.,  302d  Engrs.,  Camp  Upton,  Yaphank,  N.  Y. 
Glazier,  W.  L.     Maj.,  E.  0.  R.  C,  Newport,  Ky. 
Godfrey,  Stuart  C.     Maj.,  Corps  of  Engrs.,  U.  S.  A.,  Fort  Leavenworth, 

Kans. 
Goethals,  George  R.    Lt.-Col.,  U.  S.  A.,  West  Point,  N.  Y. 
Gordon,  John   Blake.     Field  Clerk,  Engr.   Corps-at-Large,  Am.   Exp. 

Force,  France. 
Gould,  William.    Capt.,  E.  O.  R.  C.    301st  Engrs.,  Camp  Devens,  Ayer, 

Mass. 
Grant,   Kenneth   C.     Capt.,   E.   O.  R.   C,  Room  258,  Union   Station, 

Washington,  D.  C. 
Grant,  U.  S.,  3d.     Lt.-Col.,  U.  S.  A.,  General  Staff,  War  Coll.,  Wash- 
ington, T).  C. 
Gravell,  William  Henry.     Capt.,  E.  O.  R.  C,  Camp  American  Univer- 
sity, Washington,  D.  C. 
Green,  F.  W.    Capt.,  Co.  A,  12th  Engrs.  (Ry.),  Am.  Exp.  Force,  France. 
Greenfield,  Robert  A.    303d  Engrs.,  Camp  Dix,  Wrightstown,  N.  J. 
Gregory,  Luther  E.     Capt.;  Civ.  Engr.,  U.  S.  N. ;  Public  Works  Officer, 

Navy  Yard,  Puget  Sound,  Bremerton,  Wash. 
Griffin,  John  Alden.    Capt.,  Co.  A,  316th  Engrs.,  Camp  Lewis,  Tacoma, 

Wash. 
Grigsby,  Walter  B.     2d  Lieut.,  E.  0.  R.  C,  Fort  Leavenworth,  Kans. 
Griswold,  Harry  T.     2d  Lieut.;  Asst.  to  Artillery  Engr.,  Fort  H.  G. 

Wright,  Fishers  Island,  N.  Y. 
Griswold,  Lee  S.    Capt.,  E.  0.  R.  C.  (Unassigned),  414  Custom  House, 

San  Francisco,  Cal. 
Gross,  Frederick  H.    2d  Lieut.,  E.  O.  R.  C,  Co.  B,  303d  Engrs.,  Camp 

Dix,  Wrightstown,  N.  J. 
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Guppy,  Benjamin  Wilder.     Maj.,  E.  O.  R.  C.  14th  Engrs.  (Ry.),  Am. 
Exp.  Force,  France. 

Hague,  William.     1st  Lieut.,  E.  O.  R.  C,  116th  Engrs.,  Camp  Mills, 

Mincola,  N.  Y. 
Mains,  Peter  C.     Maj.-Gen.,  U.  S.  A.  (Retired)  ;  Engr.,  Norfolk  Dist., 

Custom  House,  Norfolk,  Va. 

Halcomb,  N.  M.     Capt.,  Royal  Flying  Corps,  Egypt. 
Haldeman,  Walter  S.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Ivans. 
Hale,  Richard  King.     Lt.-CoL,  101st  Field  Artillery,  Am.  Exp.  Force. 
Hall,  Benjamin  M.,  Jr.    1st  Lieut.,  Co.  B,  26th  Engrs.,  Am.  Exp.  Force. 
Hall,  Louis  W.     Capt.,  E.  O.  R.  C,  Lines  of  Communication,  Am.  Exp. 

Force,  France. 
Hall,  Warren  E.     Capt.,  E.  O.  R.  C.   (Unassigned),  Camp  American 

University,  Washington,  D.  C. 
Hallberg,  Arthur  S.     1st  Lieut.,  O.  R.  C,  U.  S.  Coast  and  Geodetic 

►Survey,  Washington,  D.  C. 
Hamilton,  Edward  P.     2d  Lieut.,  306th  Field  Artillery,  Camp  Upton, 

Yaphank,  N.  Y. 
Hanavan,  William  L.     1st  Lieut,  of  Infantry,  U.  S.  R.,  Am.  Infantry 

Officers  School,  Am.  Exp.  Force,  France. 
Hanique,  Jules  E.     Capt.,  316th  Engrs.,  Camp  Lewis,  Tacoma,  Wash. 
Hannan,  David  E.     Capt.,  Co.  D,  26th  Engrs.,  Camp  Dix,  Wrightstown, 

N.  J. 
Harley,  Alfred  F.     Field  Clerk,  Engr.  Corps,  Am.  Exp.  Force,  France. 
Harrah,  O.  W.     C^apt.,  E.  O.  R.  C,  3d  Co.,  Fort  Leavenworth,  Kans. 
Harrington,    W.    C.      2d   Lieut.,   E.    O.   R.    C.    (Unassigned),  Weeds- 
port,  N.  Y. 
Harris,  F.  R.     Rear- Admiral,  U.  S.  N. ;  Chief  of  Bureau  of  Yards  and 

Docks,  U.  S.  Navy  Dept.,  Washington,  D.  C. 
Harrison,  William  Burr.     Maj.,  E.  O.  R.  C,  War  Dept.,  Office  of  the 

Chf.  of  Engrs.,  Washington,  D.  C. 
Harroun,  Philip  Embury.     Maj.,  E.  O.  R.  C.  (Unassigned),  58  Sutter 

St.,  San  Francisco,  Cal. 
Hart,  S.  A.     1st  Lieut.,  E.  O.  R.  C,  6th  Co.,  Fort  Leavenworth,  Kans. 
Hasbrouck,  Oscar.     Capt.,  E.  O.  R.  C.  (Unassigned),  Hudson,  N.  Y. 
Haswell,  John  R.     Capt.,  E.  O.  R.  C.  2d  Co.,  Camp  American  Uni- 
versity, Washington,  D.  C. 
Hatch,  Frederick  N,     Capt.,  E.  O.  R.  C,  35th  Engrs.,  Am.  Exp.  Force. 

France. 
Hauser,    Kenneth    D.      Capt.,    18th    Engrs.    (Ry.),    Am.    Exj).    Force, 

France. 
Hawley,  John  B.     Maj.,  E.  0.  R.  C,  Camp  MacArthur,  Waco,  Tex. 
Healey,  Charles  F.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 
Hendrie,  John  Gibson.     Capt.,  E.  O.  R.  C,  Sewaren,  N.  J. 
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Herkness,  Lindsay  C.     .Maj.,  Corps  of  Kngvs.,  U.  S.  A.,  39  Whitehall 

St.,  New  York  City. 
Heuer,  W.  H.     Cnl.,  U.  S.  A.  (Betired),  401  Custom  House,  San  Fran- 
cisco, Cal. 
Hewett,  M.  VV.     1st  Lieut.,  E.  O.  R.  C,  508th  Service  Bn.,  Camp  Pike, 

Littl(>  Iiock,  Ark. 
Hiles,    Elmer    K.      :\laj.,    l.^th   V.    S.    Engrs.    (Ry.),   Am.    Exp.    Force, 

France. 
Hobbs,  Henry  W.     :\[aj.,  E.  O.  H.  C,  U.  S.  Engr.  Office,  Portland,  Me. 
Hodge,    Henry   W.      ]\Iaj.,   E.   O.    R.   C;   Director  of   Transportation, 

Am.  Kxp.  Force,  France. 
Hodges,  H.  F.    Maj.-Gen.,  N.  A.,  Camp  Devens,  Ayer,  Mass. 
Hogan,  John  P.     Capt.,  11th  Engrs.  (Ry.),  Am.  Exp.  Force,  France. 
Holt,  Andrew  H.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Ivans. 
Horton,  C.  K.     Cni)t.,  111th  Engrs.,  Camp  Bowie,  Waco,  Tex. 
Howard,  Conway  Robinson.     1st  Lieut.,  7th  Engrs.,  Am.  Exp.  Force, 

France. 
Howard,  G.  B.     1st  Lieut.,  Co.  E,  17th  Engrs.  (Ry.),  Am.  Exp.  Force, 

France. 
Howell,  George  P.     Col.,  Corps  of  Engrs.,  U.  S.  A.,  Care,  War  L)ept., 

Washington,  D.  C. 
Hoxie,  Richard  L.     Brig.-Gen.,  U.  S.  A.  (Retired),  Washington,  D.  C. 
Hudson,   H.  W,     Capt.,  on  Staff  of  Director  Gen.  of  Transportation, 

Am.  Exp.  Force,  France. 
Huie,   Irving  V.   A.     1st  Lieut.,  Co.  B,  1st  Engrs.,  Am.  Exp.  Force, 

France. 
Hulsart,    C.    Raymond.      Capt.,  Co.  B,   11th  Engrs.    (Ry.),  Am.   Exp. 

Force,  France. 
Humphreys,  Ewing  S.     1st  Lieut.,  E.  O.  R.  C,  Lexington,  Va. 
Hunt,  Conway  B.     Maj..  E.  O.  R.  C.  District  Bldg.,  Washington,  D.  C. 
Huston,  Tillinghast  L'Hommedieu.     Capt.,  E.  O.  R.  C,  Co.  A,  16th 

Engrs.   (Ry.),  Am.  Exp.  Force. 
Huth,  Christian.      1st  Lieut.,  O.  R.  C,  Care,  Div.  of  Am.  Ordnance, 

Base  Depot,  Am.  Exp.  Force,  France. 
Hynds,   Harold   D.     1st  Lieut.,  Const.  Div.,   Signal  Corps,  Am.  Exp. 

Force,  France. 
Jackson,  Jesse  A.     Maj.,   llGth  Bn.,   Signal  Corps,  41st  Div.,   Camp 

Green,  Charlotte,  N.  C. 
Jacobs,  Joseph.     Maj.,   F.  O.  R.  C.  (Unassigned),  1317  Smith  Bldg., 

Seattle.  Wash. 
Jacques,  Henry  L.     Capt.,  E.  O.  R.  C,  Box  435,  San  Fernando,  Cal. 
Jenkins,  Charles  M.     1st  Lieut.,  20th  Engrs.  (Forestry),  Camp  Ameri- 
can University,  Washington,  D.  C. 
Jenkins,  Jenks  B.       Maj.,  E.  O.  R.  C.  (Unassigned),  B.  &  0.  Bldg., 

Baltimore,  ^Id. 
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Jervey,  Henry.     Brii?.-Gen.,  Corps  of  Engrs.,  U.  S.  A.,  41st  Div.,  Camp 

Mills,  Hempstead,  IST.  Y. 
Johnson,  Frank  Melvin  S.    Capt.,  Corps  of  Engrs.,  U.  S.  A.,  4tli  U.  S. 

Engrs.,  Vancouver  Barracks,  Vancouver,  Wash. 
Johnson,  Hollister.    Lieut.,  E.  O.  R.  C,  20tli  Engrs.,  Camp  American 

University,  Washington,  D.  C. 
Jonah,  F.  Q.    Maj.,  1st  Bn.,  12th  Engrs.  (By.),  Am.  Exp.  Force,  France. 
Jones,   Jonathan.      Capt.,   E.    0.   R.   C,    Camp   American   University, 

Washington,  D.  C. 
Kane,   Daniel   C.     2d  Lieut.,  E.   O.   R.   C,   Office  of  Chf.   of  Engrs., 

Washington,  D.  C. 
Keith,   Gerald   Marcy.     2d  Lieut.,  E.   O.  R.   C,   301st  Engrs.,  Camp 

Devens,  Ayer,  Mass. 
Keller,  Charles.     Col.,  Corps  of  Engrs.,  U.  S.  A.,  Office,  Chf.  of  Engrs., 

Washington,  D.  C. 
Kelly,  Earl  W.     Capt.,  E.  O.  R.  C,  1111  East  5th  St.,  Duluth,  Minn. 
Kelly,  Hugh  Ambrose.     Sergeant,  Co.  S,  312th  Infantry,  Camp  Dix, 

Wrightstown,  N.  J. 
Kemp,  John  E.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 
Keys,   Edward   A.     Capt.,   E.   O.  R.   C,   Camp   American  University, 

Washington,  D.  C. 
Khachadoorian,  H.  H.     1st  Lieut.,  E.  O.  R.  C. 
Kibbey,   Gerald    S.     1st  Lieut.,   109th  Engrs.,   Camp   Cody,   Deming, 

IST.  Mex. 
King,  W.  S.     Capt.,  Fort  Benjamin  Harrison,  Ind. 
Kingsley,  E.  A.     Maj.,  E.  O.  R.  C,  Am.  Exp.  Force,  France. 
Kingsley,  George.     Capt.,  E.  O.  R.  C,  Box  528,  Wheeling,  W.  Va. 
Kinne,  G.  W.     Capt.,  E.  O.  R.  C,  Camp  American  University,  Wash- 
ington, D.  C. 
Kissack,  A.  B.     Capt.,  E.  0.  R.  C,  Fort  Leavenworth,  Kans. 
Kitchen,  Ernest.     1st  Lieut.,  E.  O.  R.  C.  {Unassiijued),  Clarks  Sum- 
mit, Pa. 
Kitts,  Joseph  A.     Capt.,  E.  O.  R.  C,  Vancouver  Barracks,  Vancouver, 

Wash. 
Knight,  G.  W.     Capt.,  E.  0.  R.  C,  26th  Engrs.,  Camp  Dix,  Wrights- 

to\\m,  N.  J. 
Kniskern,   Philip   Wheeler.     Capt.,  E.   0.   R.   C,   Fort  Leavenworth, 

Kans. 
Krach,  Fred  R.     Private,  Co.  A,  23d  Engrs.,  Camp  Meade,  Baltimore, 

Md. 
Kreamer,    A.    W.      1st   Lieut.,    E.    O.    R.    C.    (Unassigned),   Box   75, 

Wheeling,  W.  Va. 
Kutz,  Charles  W.     Lt.-CoL,  Corps  of  Engrs.,  U.  S.  A.,  Am.  Exp.  Force, 

France. 
Labsap,  Alfred  H.     1st  Lieut.,  114th  Engrs.,  Camp  Beauregard,  Alex- 
andria, La. 
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La  Forge,  Frederick  W.     J\Iaj.,  K.  ().  R.  C.  Fort  II.  G.  Wright,  New 

Loiuloii.  Conn. 

Lamphere,  Frank  E.  ^^aj.,  Q.  ]\[.  K.  C,  Caini)  Zachary  Taylor,  Louis- 
ville. Ky. 

Lamson,  William  M.     ]\Iaj..  30Gth  EiigTS.,  Cami)  Jackson,  Columbia, 

s.  c. 

Langley,  John  E.  Capt.,  £.  O.  11.  C,  Camp  American  University, 
Washington,  D.  C. 

La  Roche,  Arthur  L.     1st  Lieut.,  E.  O.  R.  C,  Binghamton,  N.  Y. 

Latimer,  C.  A.    Lieut.,  Co.  E,  Corozal,  Canal  Zone,  Panama. 

Lawton,  Richard  M.  Maj.,  E.  O.  R.  C,  301st  Eng-rs.,  Camp  Devens, 
Ayer,  :^^ass. 

Le  Baron,  R.  W.  P.  2d  Lieut..  Co.  C,  13th  Engrs.  (Ry.),  Am.  Exp. 
Force,  France. 

Lee,  Charles  H.     1st  Lieut.,  E.  O.  R.  C,  Am.  Exp.  Force,  France. 

Leisen,  Theodore  A.  Maj.,  E.  O.  R.  C;  Officer  in  Chg.  of  Utilities, 
Camp  Custer,  Battle  Creek,  Mich. 

Lemen,  William  C.  Capt.,  E.  0.  R.  C,  Camp  American  University, 
Washington,  D.  C. 

Lewis,  Charles  Granville.  Private,  Co.  A,  21st  Engrs.,  Camp  Grant, 
Rockford,  HI. 

Lewis,  Harold  McLean.  2d  Lieut.,  Co.  A,  502d  Engrs.,  Am.  Exp. 
Force,  France. 

Libbey,  V.  B.     Lieut.,  E.  O.  R.  C,  Am.  Exp.  Force. 

Lindbery,  Charles  A.  Capt.,  E.  O.  R.  C.  (Unassigned),  2500  Eliza- 
beth St.,  Bellingham,  Wash. 

Logan,  Chester  R.    Capt.,  Co.  C,  502d  Engrs.,  Am.  Exp.  Force,  France. 

Lovering,  Harry  D.  "  1st  Lieut.,  E.  O.  R.  C.  (Unassigned),  1464  Sum- 
mit Ave.,  St.  Paul,  Minn. 

Lucas,  E.  W.  Van  C.  Lt.-Col.,  304th  Engrs.,  N.  A.,  Camp  Meade, 
Baltimore,  Md. 

Lynch,  John  F.  Capt.,  E.  O.  R.  C,  Camp  American  University, 
Belvoir  Tract,  Va. 

Lyon,  George  J.  Capt.,  E.  O.  R.  C;  Asst.  to  Const.  Q.  M.,  Camp 
Hancock,  Augusta,  Ga. 

Lyons,  Harold  C.  1st  Lieut.,  20th  Engrs.,  Camp  American  University, 
Washington,  D.  C. 

Macomb,  John  De  N.,  Jr.  Capt,  E.  O.  R.  C,  1033  Ry.  Exchange, 
Chicago,  111. 

McCalla.  W.  A.  Maj.,  E.  O.  R.  C,  504th  Engr.  Bn.,  Camp  Merritt, 
Tcnaily,  N.  J. 

McCandliss,  L.  C.  1st  Lieut.,  Co.  D,  15th  Engrs.  (Ry.),  Field  Head- 
quarters, Am.  Exp.  Force,  France. 

McClintock,  Hallett  Edward.  Capt,  E.  O.  R.  C,  Fort  Leavenworth, 
Kans. 

McCul lough,  Ernest.  Maj.,  E.  O.  R.  C,  Care,  Chief  of  Engrs.,  Am. 
Exp.  Force,  France. 
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McFarland,  H.  F.  1st  Lieut.,  Co.  F,  12th  Engrs.  (Ey.),  Am.  Exp. 
Force,  France. 

McQeehan,  Paul.  Capt.,  Co.  D,  12th  Engrs.  (Ry.),  Am.  Exp.  Force, 
France. 

McGlathery,  Samuel  L.     Capt.,  E.  O.  R  C,  and  Adjt.,  1st  Bn.,  312th 

Engrs.,  Camp  Pike,  Little  Rock,  Ark. 
McGregor,  Robert  Roy.    Capt.,  21st  Engrs.,  Camp  Grant,  Rockford,  111. 
McKenney,    Charles    A.      Maj.,   E.    O.   R.    C,    Office,   Chf.   of   Engrs., 

Washington,  D.  C. 

McLane,  Q.  L.      Capt.  and  Regimental  Adjt.,  1st  Bn.,  110th  Engrs., 

35th  L^iv.,  Camp  Doniphan,  Fort  Sill,  Okla. 
McLoud,  Paul.     1st  Lieut.,  11th  Engrs.  (Ry.),  Am.  Exp.  Force,  France. 
McRae,  H.  C.     1st  Lieut.,  E.  O.  R.  C,  306th  Engrs.,  Camp  Jackson, 

Columbia,  S.  C. 

Maddox,  L.  R.  Capt.,  C.  S.  G.  S.,  Headquarters,  Am.  Exp.  Force, 
France. 

Maltby,  Frank  B.     Maj.,  E.  O.  R.  C,  Army  Bldg.,  New  York  City. 

Manning,  William  J.  H.  2d  Lieut.,  E.  O.  R.  C,  3d  Co.,  Camp  Amer- 
ican University,  Washington,  D.  C. 

Mansfield,  Newton.  Lt.-Commander,  U.  S.  N.  (Retired),  U.  S.  Navy 
Recruiting  Station,  Anchor  Bank  Bldg.,  Pittsburgh,  Pa. 

March,  G.  M.     1st  Lieut.,  E.  O.  R.  C,  314th  Engrs.,  Camp  Funston, 

Fort  Riley,  Ivans. 
Marsh,  Charles  Reed.     Capt.,  E.  O.  R.  C.  (Unassigned),  101  District 

Bldg.,  Washington,  D.  C. 
Marshall,    Robert   B.     Maj.,   E.   0.   R.   C,   U.   S.   Geological   Survey, 

Washington,  D.  C. 

Marston,  A.  Maj.,  1st  Bn.,  109th  Engrs.,  Camp  Cody,  Deming, 
N.  Mex. 

Martin,  George  E.     Capt.,  23d  Engrs.,  Camp  Meade,  Baltimore,  Md. 

Martin,  Lewis  M.     Capt.,  E.  O.  R.  C.  (Unassigned),  Atlantic,  Iowa. 

Marx,  Raymond.  2d  Lieut.,  Co.  K,  308th  Inf.,  Camp  Upton,  Yap- 
hank,  N.  Y. 

Matlaw,  Isaac  Solon.  Capt.,  E.  O.  R.  C,  23d  Engrs.,  Camp  Meade, 
Baltimore,  Md. 

Maul,  Theodore  R.  Capt.,  Q.  M.  R.  C,  Schuylkill  Arsenal,  Philadel- 
phia, Pa. 

Maury,  Dabney  H.  Maj.,  E.  O.  R.  C,  Office,  Cantonment  Constr., 
Monroe  Courts,  15th  and  M  Sts.,  Washington,  D.  C. 

Mazeau,  Camille.  1st  Lieut.,  27th  Co.,  L.  L  S.  C.  A.  C,  Fort  H.  G. 
Wright,  New  London,  Conn. 

Means,  John  S.  2d  Lieut.,  E.  O.  R.  C,  508th  Service  Bn.,  Camp  Pike, 
Little  Rock,  Ark. 

Melton,  Arthur  Pomeroy.  Capt.,  E.'O.  R.  C.  Care,  Headquarters, 
Chf.  of  Engrs.,  Lines  of  Communication,  Am.  Exp.  Force,  France. 
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Mengel,  Carl  W.  1st  Lieut.,  E.  O.  R.  C,  Co.  E,  30Gth  Eiigrs.,  Camp 
Jiicksou,  Columbia,  S.  C. 

Merriam,  C.  A.    Cajit.,  E.  O.  li.  C,  401  Worci'ster  Bldg.,  Portland,  Oro. 

Mershon,  Ralph  D.  J\Iiij.,  E.  O.  li.  C,  80  Maiden  Lane,  New  York 
City. 

Miles,  George  Frederick.  Capt.,  E.  O.  R.  C,  Camp  American  Univer- 
sity, Wasliing'ton,  D.  C 

Milhan,  David  N.     1st  Lieut.,  E.  O.  11.  C,  Co.  F.,  lOGtli  Engrs.,  Camp 

^\'lu■('ll'r,   Maeon,  Ga. 
Miller,  (ieorge  S.     Maj.,  E.   O.  K.  C.   {Unassigned),  270G  West  40th 

St.,  -Minneapolis,  Minn. 
Miller,  Hugh.     Capt.,  E.  O.  R.  C.  {Unassigned),  Rice  Inst.,  Houston, 

Tex. 

Millis,  John.  Col.  Corps  of  Engrs.,  U.  S.  A.,  U.  S.  Engr.  Office, 
Savannah,  Ga. 

Miner,  Erwin  J.     Capt.,  E.  O.  R.  C,  5th  Co.,  Fort  Leavenworth,  Kans. 

Minniss,  George  S.  Maj.,  74th  N.  Y.  Inf.  N.  G.,  Camp  Wadsworth, 
Spartanburg,  S.  C. 

Molitor,  F.  A.  Maj.,  E.  O.  R.  C,  734  Fifteenth  St.,  K  W.,  Washing- 
ton, D.  C. 

Moller,  Irving  C.  Maj.,  E.  O.  R.  C,  23d  Engrs.,  Camp  Meade,  Balti- 
more, Md. 

Monroe,  Robert  A.  1st  Lieut.,  E.  O.  R.  C,  Vancouver  Barracks,  Van- 
couver, Wash. 

Montgomery,  Albertis.  1st  Lieut.,  E.  O.  R.  C,  Fort  Leavenworth, 
JCans. 

Moore,  Lewis  E.     Capt.,  E.  O.  R.  C,  Am.  Exp.  Force,  France. 

More,  Charles  C.  Capt.,  O.  O.  R.  C,  Constr.  Section,  Supply  Div., 
Ordnance  Dept.,  AVashington,  D.  C. 

Morrison,  R.  L.  Capt.,  E.  O.  R.  C.  {Unassigned),  College  Station, 
Tex. 

Morrow,  Jay  J.  Col.,  Corps  of  Engrs.,  U.  S.  A.,  Vancouver  Barracks, 
Vancouver,  Wash. 

Morrow,  Samuel  Roy.  1st  Lt.,  E.  O.  R.  C.  {Unassigned),  Care,  Pub. 
Service  Comm.  of  Missouri,  Jefferson  City,  Mo. 

Morton,  L.  L.     Capt.,  E.  O.  R.  C,  5th  Co.,  Fort  Leavenworth,  Kans. 

Muckleston,  H.  B.  Capt.,  1st  Bn.,  Canadian  Ry.  Troops,  B.  E.  F., 
France. 

Muirhead,  J.  H.  H.     Lieut.,  B.  E.  F. 

Munoz,  Gonzalo  C.     Capt.,  O.  O.  R.  C,  1330  F  St.,  Washington,  D.  C. 

Myers,  E.  T.  D.,  Jr.  Maj.,  E.  O.  R.  C.  {Unassigned),  1201  Mutual 
Bldg.,  Richmond,  Va. 

Nash,  F.  D.     1st  Lieut.,  12th  Engrs.  (Ry.),  Am.  Exp.  Force,  France. 

Neuman,  David  L.  Capt.,  Corps  of  Engrs.,  U.  S.  A.,  5th  \J.  S.  Engrs., 
Corpus  Christi,  Tex. 
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Neville,  C.  W.  J.     Lt.-Commander,  U.  S.  'N.,  N.  V.,  Commanding  3d 

Section,  8th  Naval  Dist.,  Galveston,  Tex. 
Newton,  Jewett  B.    Capt.,  301st  Trench  Mortar  Battery,  Camp  Devens, 

Ayer,  Mass. 
Newton,   John    P.   Capt.,   E.    O.   K.    C,    Camp   American   University, 

Washington,  D.  C. 
Nial,  William  A.     Capt.,  E.  O.  E.  C,  45  Second  Ave.,  Troy,  K  Y. 
Nichols,  Charles  H.     Maj.,  E.  O.  11.  C. ;  Const.  Q.  M.,  Camp  Kearney, 

San  Diego,  Cal. 
Nixon,   Courtland.     Maj.,   Corps  of  Engrs.,  U.   S.  A.;   Acting  Q.   M., 

Army  Bldg.,  New  York  City. 
Nolan,  Thomas   Brew,  Jr.     Capt.,  E.  O.  E.  C,  Care,  Office,  Chf.  of 

Engrs.,  War  Dept.,  Washington,  D.  C. 
Noland,  C.  P.     Capt.,  E.  O.  E.  C,  Headquarters,  Am.  Exp.  Eorce. 
Noyes,  Stephen  Henley.     1st  Lieut.,  S.  O.  E.  C.  (Aviation),  1st  Aero 

Squadron,  Am.  Exp.  Force,  France. 
Okes,  Day.    Capt.,  E.  O.  E.  C,  Lumber  Exchange,  Minneapolis,  Minn. 
O'Meara,  Robert  J.     1st  Lieut.,  26th  Engrs.,  Camp  Dix,  Wrightstown, 

N.J. 
Opdycke,  Henry  Q.     Maj.,  Signal  Corps,  U.  S.  A.,  Army  Bldg.,  New 

York  City. 
Ostrom,  C.  D.   Y.     1st  Lieut.,  Coast  Artillery  Corps,  U.   S.  A.,  Fort 

Barrancas,  Fla. 
Ostrup,  John  C.     Maj.,  E.  O.  E.  C,  Headquarters,  x\m.  Exp.  Force, 

France. 
Parmelee,  Charles  L.     Capt.,  E.  O.  E.  C,  Woolworth  Bldg.,  New  York 

City. 
Parsons,    William    Barclay.      Lt.-Col.,   11th   Engrs.    (Ey.),   Am.    Exp. 

Force,  France. 
Patterson,  C.  S.    Lieut.,  E.  O.  E.  C,  6th  Co.,  Fort  Leavenworth,  Kans. 
Patton,  W.  B.     Maj.,  E.  O.  E.  C.   (Unassigned),  612  Palladio  Bldg., 

Duluth,  Minn. 
Payne,  Edwin  V.  R.     Maj.,  E.  O.  E.  C,  1st  Bn.,  25th  Engrs.,  Camp 

Devens,  Ayer,  Mass. 
Pearce,  R.  B.     1st  Lieut.,  Camp  Custer,  Battle  Creek,  Mich. 
Peck,  M.  H.     Capt.,  305th  Pioneer  Engrs.,  Care,  The  Adjutant  Gen., 

U.  S.  A.,  Washington,  D.  C. 
Perkins,  A.  H.    Capt.,  E.  O.  E.  C,  17th  Engrs.  (Ey.),  Am.  Exp.  Force, 

France. 
Perry,  F.  W.     Capt.,  E.  O.  E.  C. ;  Div.  Personnel  Officer,  77th  Div., 

Staff  of  Maj.-Gen.  J.  Franklin  Bell,  U.  S.  A.,  Camp  Upton,  Yap- 
hank,  N.  Y. 
Perry,  Lynn.     1st  Lieut.,  E.  O.  E.  C,  16  Colonial  Ave.,  Trenton,  N.  J. 
Peters,  Albert  A.     Capt.,  Co.    D,  23d  Engrs.,  Camp  Meade,  Baltimore, 

Md. 
Pierce,  P.  L.     Maj.,  O.  O.  E.  C,  65  Park  Ave.,  New  York  City. 
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Pill,  Leon   Morley.     Capt.  and  Bn.  Adjt.,  20th  Engrs.,  Camp  Amer- 
ican riiiversity,  Wasliington,  D.  C. 
Poole,  J.  H.     Maj.,  Kith  Engrs.,  Am.  Exp.  Force,  Franco. 
Poorman,  A.  P.     Capt.,  Co.  A,  29th  Engrs.",  Camp  Devens,  Ayer,  Mass. 
Post,  William  S.    Maj.,  316th  Engrs.,  Camp  Lewis,  Tacoma,  Wash. 

Potter,  Charles  L.  Col.,  Corps  of  Engrs.,  IT.  S.  A.,  ISTcw  Interior  Bldg., 
Washington,  1).  C. 

Powell,  A.  O.  Maj.,  E.  O.  E.  C,  Care,  Office  of  Chf.  of  Engrs.,  Wash- 
ington, D.  C. 

Powell,  W.  J.     Capt.,  E.  O.  R.  C,  6th  Co.,  Fort  Leavenworth,  Kans. 

Powelson,  W.  V.  N.  Lieut.,  U.  S.  N.  (Retired),  Crucible  Stoel  Co., 
Harrison,  N.  J. 

Price,  Philip  W.     Lieut.,  3d  U.  S.  Field  Artillery,  Fort  Myer,  Va. 

Price,  T.  E.  Lieut.,  Canadian  Exp.  Force,  Army  Depot,  Purfleet, 
Essex,  England. 

Pritchard,  J.  C.  1st  Lieut.,  E.  O.  R.  C,  46th  Engrs.,  Camp  Dix, 
Wrightstown,  N.  J. 

Pugh,  Marshall  R.  Maj.,  21st  Engrs.  (Light  Ry.),  Camp  Grant,  Rock- 
ford,  111. 

Pung,  William  Sing  Chong.  Private,  Co.  D,  357th  Inf.,  Camp  Travis, 
San  Antonio,  Tex. 

Purcell,  Steuart.    Capt.,  E.  O.  R.  C,  U.  S.  Engr.  Depot,  Hoboken,  N.  J. 

Quinby,  Edwin  R.  Capt.,  E.  O.  R.  C;  Supt.,  Water  and  Light,  305th 
Engrs..  Camp  Lee,  Petersburg,  Va. 

Quinlan,  George  A.  Maj.,  113th  Engrs.,  Camp  Shelby,  Hattiesburg, 
Miss. 

Quian,  Matthew  F.     Capt.,  501st  Engrs.,  Camp  Merritt,  Dumont,  N.  J. 

Quinn,  Thomas  F.     1st  Lieut.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 

Rakestraw,  C.  L.  Ist  Lieut.,  E.  O.  R.  C,  Vancouver  Barracks,  Van- 
couver, Wash. 

Randolph,  Robert  Isham.    Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Ivans. 

Rathbun,  J.  C.  Capt.,  E.  O.  R.  C.  {V nassigned) ,  4558  Seventh  Ave., 
N.  E.,  Seattle,  Wash. 

Ream,  Ward  H.     1st  Lieut.,  305th  Engrs.,  Camp  Lee,  Petersburg,  Va. 

Reimer,  Arthur  Adams.  Maj.,  305th  Engrs.,  Camp  Lee,  Peters- 
burg, Va. 

Reimer,  Frederic  A.  Maj.,  104th  Engrs.,  Camp  McClellan,  Annis- 
ton,  Ala. 

Renshaw,  Alfred.    Capt.,  302d  Engrs.,  Camp  Upton,  Yaphank,  N.  Y. 

Reswick,  Solomon.    1st  Lieut.,  E.  O.  R.  C,  721  Jay  St.,  Rome,  N.  Y. 

Rich,  Melvin  S.  1st  Lieut.,  E.  O.  R.  C,  1448  Howard  St.,  N.  W., 
Washington,  D.  C. 

Richardson,  F.  H.     Capt.,  E.  O.  R.  C.  {U nassigned).  Republic,  Wash. 
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Riche,  Charles  S.     Col.,  Corps  of  Engrs.,  U.  S.  A.;  Dept.  Engr.,  Cen- 
tral Dept.,  Chicago,  111. 
Ridgeway,  George  A.     1st  Lieut.,  23d  Engrs.,  Camp  Meade,  Baltimore, 

Md. 
Risley,  W.  I.     Capt.,  E.  O.  R.  C,  504th  Service  Bn. 
Ritchie,  J.   Milton.     Capt.,  Q.  M.  R.  C,  1156  Fifteenth  St.,  N.  W., 

Washington,  D.  C. 
Ritow,  Herman.     Co.  B,  302d  Engrs.,  Camp  Upton,  Yaphank,  N.  Y. 
Roberts,  Harry  A.     Capt.,  E.  O.  R.  C.,602  Terminal  Bldg.,  Hoboken, 

K  J. 
Robertson,  A.  K.     Lieut.,  Royal  Anglesea  Engrs.,  France. 
Robinson,  Ernest  F.     Capt.,  102d  Engrs.,  Camp  Wadsworth,  Spartans- 
burg,  S.  C. 
Robson,    Ralph   E.      Capt.,   E.   O.  R.   C,  316th   Engrs.      Camp  Lewis, 

Tacoma,  Wash. 
Rockenbach,  S.  D.    Col.  of  Cavalry,  U.  S.  A.,  Am.  Exp.  Force,  France. 
Rose,  W.  H.     Lt.-Col.,  Corps  of  Engrs.,  U.  S.  A.,  1419  F  St.,  N.  W., 

Washington,  D.  C. 
Rosenthal,  J.  J.     Capt.,  E.  O.  R.  C,  Vancouver  Barracks,  Vancouver, 

Wash. 
Ross,  James  G.     Capt.,  Co.  C,  306th  Engrs.,  Camp  Jackson,  Columbia, 

S.  C. 
Ruggles,  Arthur  V.     Capt.,  E.  O.  R.  C,  4th  Co.,  Fort  Leavenworth, 

Kans. 
Ruttan,   H.  N.     Brig.-Gen.,  Commanding  M.  D.  10,  Winnipeg,  Man., 

Canada. 
Sadler,  Carl  L.     Capt.,  E.  O.  R.  C,  Kalamazoo,  Mich. 
Sadler,  Walter  Clifford.     1st  Lieut.,  Co.  F,  18th  Engrs.   (Ry.),  U.  S. 

Army  P.  O.  ISTo.  705,  Am.  Exp.  Force,  France. 
Sanger,   Walter  M.     Capt.,  E.  O.  R.  C,  4th  Co.,  Fort  Leavenworth, 

Kans. 
Sargent,   Edward   H.     Capt.,  E.   O.  R.  C,  20th  Engrs.;   Camp  Adjt., 

Camp  American  University,  Washington,  D.  C. 
Scammell,  John   Kimball.     Lieut.,  13th  Reserve  Bn.,  Canadian,   Sea- 
ford,  Sussex  Co.,  England. 
Scheidenhelm,  F.  W.     Capt.,  E.  O.  R.  C,  26th  Engrs..  Am.  Exp.  Force, 

France. 
Schmucker,   Beale  M.     1st  Lieut.,  E.   O.  R.  C,  104th  Engrs.,  Camp 

McClellan,  Anniston,  Ala. 
Schoder,  Ernest  W.     Capt.,  E.  O.  R.  C,  3d  Co.,  Camp,  American  LTni- 

versity,  Washington,  D.  C. 
Schwendener,    K.    DeW.      Capt.,   115th   Engrs.,   Camp   Kearney,    San 

Diego,  Cal. 

Seage,    Clarence    E.      Ensign,   U.    S.    N.,    Ordnance  Dept.,    U.    S.    N., 

Washington,  D.  C. 
Seward,  Oscar,  Jr.     Capt.,  E.  O.  R.  C,  315th  Engrs.,  San  Antonio,  Tex. 
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Shafer,   Ernest  Alton.     1st  Lieut..  E.  O.  11.  C,  Vaneouvor  Barracks, 

Vancouver,  Wash. 
Shankland,  Ralph  Graham.     1st  Licnit.,  E.  O.  11.  C,  Fort  Leavenworth, 

Kans. 
Shaw,  Arthur  Lassell.     Cai)t.,  E.  O.  R.  C,  Camp  Devens,  Ayer,  Mass. 
Shaw,  Arthur  M.     ALij.,  E.  O.  R.  C;  Const.  Q.  M.,  Camp  Beauregard, 

Alexandria.  La. 
Shaw,  Franklin   Dickinson.     Capt.,  E.  O.  R.  C,  Philadelphia,  Pa. 
Sheppard,    Norman    K.      Master   Engr.,    Junior    Grade,    Headquarters 

Co.,  313th  Engrs.,  Camp  Dodge,  Des  Moines,  Iowa. 
Sherron,  George  A.     Capt.,  E.  O.  R.  C,  5th  Co.,  Fort  Leavenworth, 

Ivans. 
Skeily,  J.   W.     Capt.;   Supply  Officer,   12tli  Engrs.    (Ry.),  Am.  Exp. 

Force,  France. 
Sleppy,   K.   B.     Capt.,   4th  IT.   S.   Engrs.,  Vancouver  Barracks,  Van- 
couver, Wash. 
Slifer,  Hiram  J.     Lt.-Col.,  21st  Engrs.  (Light  Ry.),  Camp  Grant,  Rock- 
ford.  111. 
Sloan,  W.  Q.     1st  Lieut.,  E.  O.  R.  C.  (Unassigned),  U.  S.  R.  S.  Bldg., 

Boise,  Idaho. 
Smallman,  R.  A.     1st  Lieut.,  Co.  D,  25th  Engrs.,  Camp  Devens,  Ayer, 

Mass. 
Smead,  R.  C.     Maj.,  E.  O.  R.  C.  (Unassigned);  Dist.  Engr.,  in  Chg. 

of  River,  Harbor,  and  Fortification  Works,  Galveston  Eng.  Dist., 

Galveston,  Tex. 
Smith,  Albert.     Capt.,  E.  O.  R.  C,  3d  Co.,  Fort  Leavenworth,  Kans. 
Smith,   Albert.     Maj.,   2d  Bn.,   309th   Engrs.,   Camp  Zachary   Taylor, 

Louisville,  Ivy. 
Smith,    Charles    V,      Capt.,    Co.    E,    lOTth    Engrs.,    Camp    McArthur, 

Waei).  Tex. 
Smith,  Chester  K.     Lieut.,  Co.  E.,  18th  Engrs.  (Ry.),  Am.  Exp.  Force. 
Smith,  Clarke  Stull.     Col.,  311th  Engrs.,  Camp  Grant,  Rockford,  111. 
Smith,  Francis  M.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 
Smith,   Layton   Fontaine.      Lieut.,  Junior  Grade,  U.   S.   K  R.,  Navy 

Yard.  Charleston,  S.  C. 
Smith,  Maxwell  W.     Capt.,  E.  U.  S.  R. ;  Engr.  Officer,  308th  Engrs., 

Camp  Sherman,  Chillicothe,  Ohio. 
Smith,  Merritt  H.     Col.,  1st  N.  Y.  I'ield  Artillery,  N.  G.  IT.  S. 
Smith,  S.  M.     1st  Lieut.,  Co.  D,  12th  Engrs.  (Ry.),  Am.  Exp.  Force, 

France. 
Snook,  Thomas  E.,  Jr.     1st   Lieut.,  E.  O.  R.  C,  261  Broadway,  New 

York  City. 
Snyder,    George    Duncan.      Capt.,    102d    Engrs.,    Camp    Wadsworth, 

Spartanburg,   S.  C. 
Soest,  Hugo  C.     1st  Lieut.,  E.  O.  R.  C,  Co.  A,  25th  Engrs.,  Am.  Exp. 

Force,  France. 
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Spear,  Walter  E.    Maj.,  Q.  M.  E.  C,  in  Chg.  of  Utilities,  Camp  Upton, 

Yaphank,  N.  Y. 
Sperry,  L.  N.     1st  Lieut.,  E.  O.  R  C,  Old  Forge,  N.  Y. 

Stanton,  Charles  B.  Capt.,  Co.  E,  15tli  Engrs.,  Care  Adjutant  Gen.. 
U.  S.  A.,  Washington,  D.  C. 

Stayton,  Edward  M.  Maj.,  llOtli  Engrs.,  Camp  Doniphan,  Fort  Sill. 
Okla. 

Stearns,  Fred  LeRoy.  Lieut.,  Co.  A,  107th  Inf.,  U.  S.  A.,  Camp  Wads- 
worth,  Spartanburg,  S.  C. 

Steep,  James  B.  Capt.,  E.  O.  K.  C.  (Unassigned),  918  Majestic  Bldg., 
Indianapolis,  Ind. 

Steese,  James  Gordon.  Lt.-Col.,  Corps  of  Engrs.,  U.  S.  A.;  Asst.  to 
Chf.  of  Engrs.,  Washington,  D.  C. 

Steinberg,  Max.  1st  Lieut.,  U.  S.  R.,  U.  S.  Coast  and  Geodetic  Sur- 
vey, Washington,  D.  C. 

Stephens,  Uel.     2d  Lieut.,  E.  O.  R.  C,  5th  Co.,  Leon  Springs,  Tex. 

Stickle,  H.  W.  Lt.-Col.,  U.  S.  A.  {Betired),  U.  S.  Engr.  Office,  Pitts- 
burgh, Pa. 

Stiles,  Arthur  Alvord.  Maj.,  E.  O.  R.  C,  Capitol  Station,  Austin, 
Tex. 

Stivers,  A.  D.  Capt.,  E.  O.  R.  C,  Office  of  Chf.  of  Staff,  Camp  Kearney, 
San  Diego,  Cal. 

Stowe,  H.  D.  Capt.,  E.  O.  R.  C. ;  Director  General  of  Rys.,  734  Fif- 
teenth St.,  N.  W.,  Washington,  D.  C. 

Strecker,  R.  A.  Capt.,  E.  0.  R.  C,  Co.  A,  309th  Engrs.,  Camp 
Zachary  Taylor,  Louisville,  Ky. 

Street,  J.  Z.  Private,  Co.  E,  308th  Engrs.,  Camp  Sherman,  Chillicothe, 
Ohio. 

Strickler,  F.  W.  Capt.,  E.  O.  R.  C.  (Unassigned)  ;  Dist.  Engr.,  Erie 
R.  R.  Co.,  Room  301,  K.  of  C.  Bldg.,  Youngstown,  Ohio. 

Strickler,  T.  J.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Ivans. 

Stroebe,  George  G.     Capt.,  N.  A.,  Philippine  Islands. 

Sturtevant,  C.  W.  Maj.,  E.  O.  R.  C,  1st  Bn.,  5th  Engrs.,  Pitts- 
burgh, Pa. 

Summers,  R.  E.  J.  1st  Lieut.,  E.  O.  R.  C,  Co.  F,  16th  U.  S.  Engrs. 
(Ry.),  Am.  Exp.  Force. 

Suter,  Russell.     Capt.,  E.  O.  R.  C,  Am.  Exp.  Force,  France. 

Sutton,  Frank.  Maj.,  E.  O.  R.  C,  2d  Bn.,  25th  Engrs.,  Camp  Devens, 
Ayer,  Mass. 

Swaren,  J.  W.  Capt.,  E.  0.  R.  C. ;  Engr.  Instructor,  E.  O.  T.  C,  Van- 
couver Barracks,  Vancouver,  Wash. 

Sweeney,  Harry  C.  Capt.,  Q.  M.  R.  C;  Asst.  Const.  Q.  M.,  U.  S.  Can- 
tonment, Ayer,  Mass. 

Sykes,  George.  Capt.,  E.  O.  R.  C.  (Unattached),  Am.  Exp.  Force, 
France. 
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Tainter,  F.  S.     Maj.,  K.  O.  K.  C,  60  Wall  St.,  New  York  City. 

Tate,  R.  L.  l.>.t  Lieut.,  E.  O.  R.  C.  303d  Engrs.,  Camp  Dix,  Wrights- 
town,  X.  J. 

Taylor,  Henry,  Capt.,  E.  O.  K.  C,  304th  Engrs.,  Camp  Meade,  Balti- 
imiro.  Md. 

Tenney,  Willis  R.     Capt.,  304th  Engrs.,  Camp  Meade,  Baltimore,  Md. 

Thomas,  Charles  D.  Capt.,  E.  O.  R.  C,  220  Lincoln  St.,  Marlboro, 
Mass. 

Throop,  George  H.  Capt.,  E.  O.  R.  C,  Co.  E,  24th  Engrs.,  Camp  Dix, 
Wrightstown,  N.  J. 

Thurston,  Eugene  T.  Capt.,  E.  O.  R.  C,  Vancouver  Barracks,  Van- 
couver, Wash. 

Tilden,  Charles  Joseph.  Capt.,  E.  O.  R.  C.  {Unassigned),  Care,  Johns 
Hopkins  Univ.,  Baltimore,  Md. 

Todd,  Frank  Herbert.  Maj.,  Q.  M.  R.  C,  in  Chg.  of  Utilities,  Camp 
Travis,  San  Antonio,  Tex. 

Tolles,  F.  C.  Private,  Engr.  Corps,  Ohio  Div.,  Camp  Sheridan,  Mont- 
gomery, Ala. 

Topping,  Perry.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 

Townsend,  C.  McD.  Col.,  Corps  of  Engrs.,  U.  S.  A.,  12th  Engrs.  (Ry.), 
Am.  Exp.  Force,  France. 

Trout,  Alex  Linn.    Capt.,  E.  O.  R.  C,  2d  Co.,  Fort  Leavenworth,  Kans. 

True,  Albert  O.  Capt.,  E.  O.  R.  C.  {Unassigned),  High  St.,  Rensse- 
laer, N.  Y. 

Trueblood,  P.  McQ.  Lieut.,  U.  S.  N.  R.,  U.  S.  S.  IFm.  Rockefeller, 
Care,  Postmaster,  New  York  City. 

Tucker,  H.  F.  Ensign,  U.  S.  N.  R.,  Seattle  Construction  »&  Dry 
Dock  Co.,  Seattle,  Wash. 

Tuska,  Gustave  R.     Maj.,  E.  O.  R.  C,  68  William  St.,  New  York  City. 

Tyson,  William  C.  Capt.,  E.  O.  R.  C,  6th  Co.,  Fort  Leavenworth. 
Kans. 

Value,  B.  R.     1st  Lieut..  11th  Engrs.  (Ry.),  Am.  Exp.  Force,  France. 

Van  Buren,  Maurice  Pelham.  2d  Lieut.,  Corps  of  Engrs.,  L^.  S.  A., 
New  Brighton,  N.  Y. 

Vandemoer,  N.  C.   Capt.,  E.  O.  R.  C,  1113  East  13th  Ave.,  Denver,  Colo. 

Vandevanter,  Elliott.  Capt.,  Co.  D,  503d  Engrs.,  Camp  Merritt, 
Tenafly.  N.  J. 

Van  Suetendael,  Achille  O.  Capt.,  E.  O.  R.  C,  1419  F  St.,  N.  W., 
Washington,  D.  C. 

Vincent,  W.  H.  1st  Lieut.,  E.  O.  R.  C,  125  French  Ave.,  Winchester, 
Ky. 

Wadsworth,  George  R.  Maj.,  Signal  Corps,  U.  S.  A.;  Chf.  Engr., 
Naval  Aircraft  Factory,  Navy  Yard,  Philadelphia,  Pa. 

Wagner,  John,  Jr.     1st  Lieut.,  Cavalry  U.  S.  R.,  Am.  Exp.  Force. 

Walker,  Elton  D.  Capt.,  E.  O.  R.  C,  Co.  A,  5th  Engrs.,  Am.  Exp. 
Force,  France. 
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Walker,  Harry  Bruce.     Capt.,  E.  O.  E.  C,  Fort  Leavenwortli,  Kans. 
Walker,  Meriwether  Lewis.     Col.,  Corps  of  Engrs.,  U.  S.  A.,  116th 

Engrs.,  list  Div.,  Camp  Mills,  Hempstead,  N.  Y. 
Walker,   W.    Kemp.      Capt.,   E.   O.   E.    C.    (Unassigned),   Montpelier, 

Ohio. 
Walton,  H.  B.     Capt.,  E.  O.  E.  C,  312th  Engrs.,  Camp  Pike,  Little 

Eock,  Ark. 
Ward,   Jaspor    D.      Corporal,    Co.    C,   55th   Inf.,    Chickamauga   Park, 

Chattanooga,  Tenn. 
Ward,  Lyman  Wise.     Capt.,  C.  A.  U.  S.  E.,  5th  Co.,  C.  A.  C,  Fort 

Warden,  Wash. 
Ware,  John.     1st  Lieut.,  Co.  A,  101st  Engrs.,  Am.  Exp.  Force,  France. 
Ware,  Norton.     Capt.,  E.  O.  E.  C,  Vancouver  Barracks,  Vancouver, 

Wash. 
Waring,  C.  T.     Maj.,  Signal  Corps,  Langley  Field,  Hampton,  Va. 
Warren,  James  G.     Col.,  Corps  of  Engrs.,  U.  S.  A.,  540  Federal  Bldg., 

Buffalo,  N.  Y. 
Washington,  W.  O.     Capt.,  E.  0.  E.  C.   (Unassigned),  San  Antonio, 

Tex. 
Wasner,   Elwin   S.      Capt.,  E.   O.  E.   C,   Co.  B,   301st  Engrs.,   Camp 

Devens,  Ayer,  Mass. 
Watkins,  Guy  A.     Capt.,  E.  O.  E.  C,  Fort  Sill,  Okla. 
Watson,  George  L.     Capt.,  E.  O.  E.  C,  2924  Jefferson  St.,  Wilmington, 

Del. 
Watson,  Winslow   B.     Lieut.,  Co.  C,  7th  N.  Y.  Inf.    (114th),  Camp 

Wadsworth,  Spartanburg,  S.  C. 
Watt,  David  A.     Maj.,  E.  O.  E.  C,  Office  of  Chf.  of  Engrs.,  Washing- 
ton, D.  C. 
Waugh,  William  H.     Capt.,  E.  O.  E.  C. ;  Engr.  Officer,  Alaska  Eoad 

Comm. ;  Senior  Highway  Engr.,  Office  of  Public  Eoads  and  Eural 

Eng.,  Juneau,  Alaska. 
Way,  W.  F.     Sergeant,  Co.  D,  18th  Engrs.   (Ey.),  U.  S.  Army  Post 

Office  No.  705,  Am.  Exp.  Force,  France. 
Weaver,  C.  J.     1st  Lieut.,  E.  0.  E.  C.  (Unassigned),  Waterford,  N.  Y. 
Weaver,   Frank  L.     1st  Lieut.,  305th  Engrs.,  Camp  Lee,  Petersburg, 

Va. 
Webb,  George  H.     Lt.-Col.,  16th  U.  S.  Engrs.  (Ey.),  Am.  Exp.  Force, 

France. 
Webb,  I.  Gano.     Capt.,  E.  O.  E.  C,  Care,  Harbor  Comm.,  Ferry  Bldg., 

San  Francisco,  Cal. 
Webb,  Walter  Loring.     Maj.,  E.  O.  E.  C,  Am.  Exp.  Force. 
Webster,    Maurice   A.      1st   Lieut.,   0.    O.   E.   C,   Aberdeen   Proving 

Ground,  Aberdeen,  Md. 
Welles,    Theodore    L.,   Jr.      2d   Lieut.,    E.    O.    E.    C,   4th    Co.,    Fort 

Leavenworth,  Kans. 
Wenige,  Arthur  E.     Capt.,  Co.  A,  15th  Inf.,  N.  G.  U.  S. 
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Wen/ell,  Andrew  P.  Cupt.,  Co.  F.  ICtli  U.  S.  Kn-rs.  (Ry.),  Am.  Exp. 
Force,  Frniu-c. 

West,  Edward  Hazzard.     Capt.,  E.  O.  Tv.  C.,  Fort  Leavenworth,  Kans. 

Wheat,  (1.  Neville.     Cnpt..  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 

Whiteaker,  Robert  O.  Capt.,  Troop  C,  1st  Tex.  Cav.,  Camp  Bowie, 
near  Fort  Worth,  Tex. 

Whitman,  Ezra  B.  ^[aj.,  Q.  M.  R.  C. ;  Chf.  Enf?r.  of  TTtilities,  Camp 
Meade,  Admiral,  Md. 

\\  hitney,  Ralph  Edward.  1st  Lieut.,  Sanitary  Corps,  ]^.  A.,  Camp 
(Jreenleaf.  Fort  Oglethorpe,  Ga. 

Wickersham,  John  H.  Capt.,  E.  O.  R.  C,  Engr's.  Constr.  Gang, 
Plufnix  Coiistr.  Co.,  Am.  Exp.  Force,  France. 

Wiggin,  Thomas  H.  Capt.,  E.  O.  R.  C,  Care,  Gen.  Taylor,  Am. 
Fx]>.  Force,  France. 

Wild,  H.  J.     Capt.,  E.  O.  R.  C,  War  Dept.,  Washington,  D.  C. 

Wilgus,  W.  J.  Maj.,  E.  O.  R.  C;  Director  Gen.  of  Transportation, 
Headquarters,  Am.  Exp.  Force,  France. 

Williams,  Alan  F.  Headquarters  Co.,  18th  Engrs.  (Ry.),  Am.  Exp. 
Force,  France. 

Williams,  Gardner  S.  Maj.,  E.  O.  R.  C,  Camp  Beauregard,  Alexan- 
dria, La. 

Williar,  Harry  D.,  Jr.  1st  Lieut.,  Co.  E,  U.  S.  Engrs.,  Am.  Exp. 
Force,  France. 

Wilson,  Harry  P.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 

Wing,  Charles  B.     Maj.,  23d  Engrs.,  Camp  Meade,  Admiral,  Md. 

Winn,  Walter  E.  Maj.,  114th  Engrs.  (Pioneer  Regt.),  Camp  Beaure- 
gard, Alexandria,  La. 

Winton,  Walter  Ferrell.  Capt.,  14th  XL  S.  Field  Artillery,  Fort  Sill, 
Okla. 

Wood,  Frederic  J.  Maj.,  E.  O.  R.  C,  15th,  cor.,  M  Sts.,  K  W.,  Wash- 
ington. D.  C. 

Woodle,  Bernon  Tisdale.  Capt.,  305th  Engrs.,  Care,  Depot  Engr., 
Coca  Cola  Bldg.,  Baltimore,  Md. 

Woolworth,  W.  H.  1st  Lieut,  28th  U.  S.  Infantry';  A.  D.  C,  2d 
Brigade,  1st  Div.,  Am.  Exp.  Force,  France. 

Wright,  John   Bertram.     Cai^t.,  E.  O.  R.  C,  P.  O.  Box  411,  Oxford, 

:\rass. 

Wrightson,  William  D.  :\raj.;  Chf.  of  San.  Corps,  Surgeon-General's 
Office,  War  Dept.,  Washington,  D.  C. 

Yereance,  Alex.  W.  Lieut.,  Co.  F,  305th  Engrs.,  Camp  Lee,  Peters- 
burg, Va. 

Yost,  Howard  McC.  Capt.,  E.  0.  R.  C,  2030  F  St.,  N.  W.,  Washing- 
ton, D.  C. 

Young,  Samuel.  Capt.,  E.  O.  R.  C.  (Una^signed),  G35  Common  St., 
New  Orleans,  La. 
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MEMBERSHIP 

(From  October  5th  to  November  8tli.  ini7) 

ADDITIONS 

MEMBERS  Date  of 

Membership. 
Allen,    James.     Higliway    Commr.,    State    of    Washington, 

Olympia,    Wash Oct.  9,  1917 

Barglebaugh,  CHARLE.S  Erwin.     With  Lang  &  Witchell,  703 

First  National  Bank  BIdg.,  EI  Paso,  Tex Oct.  9.   1917 

Barrows,   George   Ellsworth.     Cons.    Engr.     i     , 

,1:^11          ^T    T>               p   T>           .     -^  ,r.    .   /    Assoc.  M.  May  2,   1911 

Ellsworth,  Barrows  &  Reeves   ,  oO  West  l^,  ^/  „,„,„ 

Eagle  St.,  Buffalo,  N.  Y \  ^'-  ""''■  '''''' 

Battle,    John    Bealle.     Asst.,    U.    S.    Engr.    Corps,    Tus- 
caloosa,   Ala Oct.  9,  1917 

CooKSEY,    Robert    Mavin.     Highways    Engr.,   1    Assoc.  M.  July  2,  1913 

City    Hall,    Baltimore,    Md fiVI.  Oct.  9,1917 

Cragin,    Charles    Calhoun.     Capt.,    Co.    C,    18th    Engrs.. 

(Ry.),  Am.  Exp.  Force,  France Sept.  11,   1917 

Griffin,    Augustus.     Chf.    Engr.    and    Supt.,  ^    Jun.  Oct.  30,  1906 

South    San    Joaquin    Irrig.    Dist.,    Man-  C   Assoc.  M.  May  28,  1912 

teca,    Cal j   M.  Oct.  9,   1917 

Hammel,    Victor    Frank.     Engr.    of    Designs,  \     .           ^^  „,  „,,..,, 

^^,        T»      1    t    ci          <.        -1    13        1           /    Assoc.  M.  Oct.  31,   1911 

Elec.   Bond   &   Share   Co.,    /I    Broadway,  l   1.,  ^  1  ^    ,„,- 

„        V     ,     ,,.,                                              '^'  f   M.  Oct.  9,   1917 

JN  ew    York    C  ity \ 

Harza,  LeRoy  Francis.     Chf.  Engr.,  James  0.   Heyworth, 

421  Cedar  St.,  Sault  Ste.  Marie,  Mich Oct.  9,   1917 

Henderson,    Herbert.     Constr.    Engr.,    Gulf    Refining    Co., 

Port  Arthur,   Tex Oct.  9,   1917 

Jessen,  Nils  Herman  Baashuus.     Care,  Chile  Exploration 

Co.,  120  Broadway,  New  York  City Oct.  9.   1917 

Mullen,    Charles    Ward.      Engr.    Member,    State    Pul)lic 

Utilities    Comm.,    Bangor,   Me Sept.  11,   1917 

NuMATA,    Hisanori.     Chf.    Engr.,    Civ.    and    Archt.    Dept., 

Imperial  Govt.  Steel  Works,  Yawata  City,  Japan.  .  .  May  15,   1917 

PiEPMEiER,  Bion  Harman.     Maintenance  Engr.,  1     Assoc.  M.  May  6,   1914 

State  Highway  Dept.,   Springfield.   111..    [    M.  Oct.  9,  1917 

Ti               -r,           T             HT   •       /^   T               ^     .      ]    Jun.  Jan.  7,  1908 

Pierce,    Paul    Leon.     Mai.,    Ordnance    Dept.,  /     .           ,,  ^  ,„,, 

TT   o   T>     .^(c  r)     I    A         T.T       ^T     ,    ^,-/        >-   Assoc.  M.  Oct.  3,  1911 

U.  S.  R.,  65  Park  Ave.,  New  York  Citv.  •    f   ,,  ^  ,^,- 

\    M.  Oct.  9,  191/ 

Reeve,  Leroy  Norman.     Structural  Engr.,  Am.  1         '         ,,  „     ,  ,„,„ 

,    ,          ,.        ,     oi-   u    -IT          r-         4        ,   /    Assoc.  M.  Sept.  3,   1913 
International     Shipbuilding    Co.,     Broad  I                               ' 

and  Cherry  Sts.,  Philadelphia,  Pa \       "                         '  ' 

Rice,    John    Marie    Thomas.     With    Morris  \    Jun.  April  12,  1907 

Knowles,  2541   Oliver  Bldg.    (Res.,  5435  (.    Assoc.  M.  Dec.  6,  1910 

Black  St.) ,  Pittsburgh,  Pa \    M.  June  12,   1917 
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Membership. 
'J'iN'SLKY,     RoBKRT     Bruck.     Big     Stone     Gap,  )    Assoc.  M.     Feb.       6,   1912 

Va f    M.  Oct.        0,   1!)17 

Tbott,  D.wii)  C'kookiju.     Siipt.  of  Constr..  U.  S.  1    Assoc.  M.     Sept.      0,   1910 


Public    Bklgs.,    Kalispell,    Afont |"   M.  Sept.    11.   1!»17 

AS.SOCIATK    MEMBERS 

Andkeen,   GrsTAK   Birger.     Structural    Engr.,   Bldg.   Dept.. 

Public    Service    Ry.    of    New    Jersey,    12    Eighteenth 

St.,    Elmhurst,   N.    Y Oct.        9.   ]i)17 

ASHTON,  Raymond.      (Cattell,  Howard  &  Asliton),  08   Post 

St.,  San  Francisco,  Cal June    11.   1917 

Banta,  Russell  Vincent.     Structural   Engr..  |    Jun.  May     31,  1910 

26  Cortlandt  St.,  New  York  City [    Assoc.  M.     Oct.        9,   1917 

Barstow,  Eugene  Duston.  City  Engr.,  C9  Nortli  St.,  Cu- 
yahoga   Falls,    Ohio Oct.        9.   1917 

Bestor,    Odin    B.\ltimore.     Asst.    Field    Engr..    Interstate 

Commerce  Comm.,  Care,  Valuation  Dept..  Delaware  & 

Hudson  Co.,  Albany,  N.  Y Oct.        9.   1917 

Boobman,  Kitchell  Monckton.     Sapper,  Canadian  Engrs. 

Training  Depot,  Saint  Johns,  Que.,  Canada Oct.        9,   1917 

BowNE.  Sidney  Breese.     Secy,  and  Treas.,  W.  |    Jun.  April  18,  1916 

E.  Sexton  Co.,  Inc.,  Mineola,  X.  Y f   Assoc.  M.     Oct.        9,   1917 

Brown,  Horace  Trowbridge.     Asst.  Res.  Engi.,  California 

Highway  Comm,,  26  Third  St.,  San  Francisco,  Cal Oct.        9,   1917 

Carlson,   Paul   Nels.     With   Grant   Smith-Porter-Guthrie 

Co.,  :Multuomah  Hotel,  Portland,  Ore Oct.        9.   1917 

Chambeblin,  Charles  Grover,     Engr,-in-Chg.  of  Appraisal 

of   Kansas   Gas  &   Elec,   Co,,  for   Paine,  McClellan   & 

Campion,  237  Soutii  Main  St.,  Wichita,  Kans Oct.        9.   1917 

Crawford,   Hugh    William.     Capt.,   Co.    A,    110th    Engrs., 

3oth  Div„  Camp  Doniphan,  Fort  Sill.  Okia Oct.        9,   1917 

CuLPEPER,  Horace.     Oflice  and  Field  Man,  Gulf  Pipe  Line 

Co.,    Houston,    Tex Oct.        9,   1917 

Cutler,  Daniel  Boyden.     Asst.   Engr.,   St.  L.   S.   W.  Ry., 

4399  Forest  Park,  St.  Louis,  Mo May     15,   1917 

De  Win',  Brixton  Brown.     Civ.  Engr.,  Central    \-\\  Sala 

manca,  Santa   Clara,   Cuba Sept.    11.   1917 

Dresser,   Geobge  Lucas.     Bridge  Engr,,   Jennison   Wright 

Co,;  Contr.  Engr.,  Standard  Eng.  Co.  of  Toledo,  Ohio, 

2632  Whiteiiall  Bldg.,  New  York  City Oct.        9.   1917 

Eddy,  Harold  Mansfield.     With  Pickands,  Matiier  &.   Co. 

of  Cleveland,  1136  Walnut  Ave.,  N.  E.,  Canton,  Ohio.  .  Oct.  9.  1917 
F.\rner,    George    Keithley.     Asst.    Engr.,    C    M.    &    St. 

P.   Rv..   1009  ■Nlaiestic   Bldg..  Milwaukee.  Wis Oct.        9,   1917 
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Ferguson,  Harry  Foster.   Lieut.,  311th  Engrs..  |    Jiin.  June    23,  1916 

Camp  Grant,  Rockport,  III f    Assoc.  M.     Oct.        9,   1917 

Frank,  Leslie  Carl.     San.  Engr.,  U.  S.  Public  '\     .^  ^  ,    ,„ 

Health     Service,     Hygienic     Laboratorv,  v.  ,^      ^      .      ,,     , 

„.,,          ,   t:,  Q,       „T     .  •      +         T^    r'  t    ^s*«^-  ^r.      Sept.    11,   1917 

25th  and  E  Sts.,  Washington,  D.  C J 

Fuller,  Myron  Elmer.     7131   Cresheim  Ed.,  Philadelphia, 

Pa Sept.    11,   1917 

Griffin,   George  Appleton.     Asst.  Engr.,  Board  of  Water 

Supply,  Eoom  2200,  Municipal  Bldg.,  New  York  City.     April   17.   1917 

Hadley,  Homer  More.     Designer,  V.  D.  Simons,  ■)  »      •,  r  i,m^ 

,^  I  Jun.  April  5,  1910 

1212    Standard    Bank    Bldg.,    Vancouver,   y  .  ^^      ^  ,  ,.  nr.,- 

^  r  Assoc.  M.     Oct.  9,  191/ 

B.    C,    Canada ) 

Hammond,   Lewis  Merrick.     Structural   Steel '^ 

Work  Draftsman,  Bureau  of   Yards  and  i    Jun.  Mar.      2,   1915 

Docks,    Navy    Dept.     (Res.,    234    V    St.,  ^  Assoc.  M:     Oct.        9,   1917 

N.  E.) ,  Washington,  D.   C' J 

Harbert,    Guy    Morley.     County    Road    Engr.,    Harrison 

County,  Clarksburg,  W.  Va Oct.        9,  1917 

Healy,  Frederic  George.     Asst.  Constr.  Engr.,  Remington 

Arms  &  Union  Metallic  Cartridge  Co.,  Inc.,  586  Arctic 

St.,   Bridgeport,   Conn Oct.        9,   1917 

Householder,  Frank  Johnson.     Industrial  Engr.,  405  Law 

Bldg.,    Baltimore,    Md Oct.        9,  1917 

Jakobsen,    Bernhard    Faaborg.     Designing    Engr.,    F.    G. 

Baum  &  Co.  (Inc.),  1902  Hobart  Bldg.,  San  Francisco, 

Cal Oct.        9,1917 

Jones,    William    Donelson.     Constr.    Engr.,    Los    Angeles 

Shipbuilding  &  Dry  Dock  Co.,  783  Eleventh  St.,  San 

Pedro,    Cal Oct.        9,   1917 

Kaiser,   Benedict  Joseph.     Designing  and   Superv.   Engr., 

Prack  &  Perrine,  6961  Bennett  St..  Pittsburgh,  Pa..      Oct.        9,   1917 
KoRNFELD,    Harry.      With  Hugh  L.   Coo])er  &  ^ 

Co.,     1-01     Park    Ave,    New    York    City   !    Jun.  Sept.      3,   1912 

(Res.,     90     East     I8th     St.,     Brooklyn,  f  Assoc.  M.     Oct.       9,   1917 

?^.   Y.) J 

Lloyd,   Henry.     Chf.   Engr.,   Carey   Act  Dept.,   State  Land 

Office,  Capitol  Bldg.,  Cheyenne,  Wyo June    11,   1917 

LoHR,  William   Shannon.     Engr.,  John   Wickershain,   638 

North  Pine  St.,  Lancaster,  Pa Oct.        9,   1917 

McClure,  Hunter.     Junior  Civ.  Engr.,  Div.  of"^ 

Valuation,  Interstate  Commerce  Comm.,  ;     Jun.  Jan.       4,   1910 

731    Wells   Fargo   Bldg.,   San   Franci.sco,  f  Assoc.  M.     Oct.        9,   1917 

Cal J 

McCooL,  Harry  England.     Designer,  Duluth  &  Iron  Range 

R.  R.,  244  West  Faribault  St.,  Duluth,  Minn Oct.        9,   1917 


Novcinbor,  l!)17.1 
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Jun. 

Assoc. 


M. 
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AfcKiXNELL,  FuKDKRic  Rkkkhv.  Eiigr.,  A.,  T.  &  S.  F.  Rj\, 
Care,  Clif.  Eii{,'r.,  A.,  T.  k  S.  F.  Ry.,  Topeka,  Kans.  .  . 

:\IcMiiiAN.  Fhankmn  R.  Asst.  Prof.,  Structural  Eng., 
I'liiv.  of  .Miuiu'sota,  524  Eightli  Ave.,  S.  E.,  Minne- 
a]iolis,    Minn 

-Massei.  Caesak.  ^laj.,  Va.  C.  A.;  Fort  Com- 
mander, Fisherman's  Island,  Fort  Mon- 
roe,  Va 

.Mead,  William  IIexky.  Clif.  Engr.,  Producers  Oil  Co.,  Box 
1735,    Houston,    Tex 

Mickey,  Clauk  Edwin.  Asst.  Prof,  of  Applied 
Mech.,  Univ.  of  Nebraska;  Cons,  and 
Testing  Engr.,   Lincoln,  Nebr 

Miller.  Melville  Sampson.  Asst.  Engr.,  Public  Service 
Comm.,  972a  St.  Johns  PI.,  Brooklyn,  N.  Y 

Moore,    Stanley    Wallace.     Estimator,    Fred  ] 

T.  Lev  &  Co.,  Inc.,  47  Cedar  St.,  Spring-  L     . 

I    Assoc 


Date  of 
Membership. 

Sept.    11,    1017 


Sept.    11,   1II17 


Jan.       2 
Sept.    11 


Assoc. 
Assoc.  M. 


Oct. 

Jan. 
Oct. 


Oct. 


field,   Moss j 

Paine,   Allen    Thatcher.     Asst.   Engr.,   New   York    State 

Highway  Comm.,  I  Third  St.,  Oneonta,  N.  Y 

Perkins,  Alva  Harold.     Capt.,  E.   0.  R.  C,   17th  Engrs. 

(Ry.),  Am.  Exp.  Forces,  France 

Pickett,  Frank  Hurd.     W^ith  Am.  Graphophone  Co.,   1112 

Howard   Ave.,   Bridgeport,   Conn 

RiBLET,  Harry  Gaillard.     Engr.  with  Metz  &  )    Jun. 

Roth,  144  East  8th  St.,  Erie,  Pa j    Assoc.  M. 

Rockwell,  Harlow  Loveridge.     Supervisor  of  Subway,  New 

York    Telephone    Co.     (Res.,    207    W'oodward    Ave.), 

Buffalo,  N.  Y 

Rose,    Alston    Orange.     Asst.    Engr.,    Morris 

Knowles,   1200  B.   F.  Jones  Bldg.,  Pitts- 
burgh,   Pa 

Salle,   George   Viall.     Supt.,    The    Foundation    Co.,    New 

York  City,  665  West  Front  St.,  Cincinnati,  Ohio.  .  .  . 
Sa  MM  ELM  AN,  CHARLES   WiLLiAM   Sylverius.     Engr.,   Board 

of  Public  Service,  325  City  Hall,  St.  Louis,  Mo 

SciiMUCKEK,  Beale  Melancthon.     1st  Licut.,  104th  Engrs., 

U.  S.  R.,  Camp  McClellan,  Ala 

Segura,  Valeriano.     Dist.  Engr.,  Boliol  Prov.,   j 

Bureau  of   Public   Works,   Box  23,  Tag-  (. 

bilaran,  Bohol,  Philii)pine  Islands \ 

Shaffer,  Ivan  Oscar.     Concrete  Engr.,  American  Can  Co., 

120  Broadway,  Room   I'MW.  New  York  City 

Sharp.    IIi:i{iu:Kr    Mooke.     2301    ]Maplewood    Ave.,    Toledo, 

Ohio     


6 
9 

9 

July  1 
Sept.    11 

Sept.    11 

Oct.        9 

Oct.  9 
Jan.  31 
Oct.       9 


Jun. 

Assoc. 


M. 


Oct. 

July 

Oct. 


Jun. 

Assoc. 


M. 


Oct.  9 

Oct.  9 

Oct.  9 

Oct.  1 

:\Iay  15 

Oct.  9 

Sept.  11 


1912 
1917 

1917 

1915 
1917 

1917 

1909 
1917 

1917 

1917 

1917 
1911 
1917 

1917 

1913 
1917 

1917 
1917 

1917 

1913 
1917 

1917 
1917 
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Sharp,    Homer    J.     With    Union    Oil    Co.    of  "\ 

California,    1311    Union    Oil    Blclg.,    Los   I   J,*^"-      ,,      t^''^     ^'  ^^^^ 

""  (    Assoc.  M.     Sept.    11,  1917 

Angeles,  C  al )  ^ 

Shimer,  Harry  Woodworth.     Bureau  of  Eng.,   City  Hall, 

San   Francisco,   Cal Sept.    11,   1917 

Shipley,  Robert  Earle.     Drainage  Engr.,  Texarkana  Pipe 

Works,   Texarkana,   Ark.-Tex Oct.        9,  1917 

Smith,  Maxwell  Waide.     Capt.,   308th  Engrs.,  U.  S.  R., 

Camp  Sherman,  Chillicothe,  Ohio April   17,   1917 

Stevens,  Samiiel  Spaulding.  Asst.  Field  Engr.,  Div.  of 
Valuation,  Interstate  Commerce  Comm.,  East.  Dist., 
Washington,    D.    C Oct.        9,  1917 

Stofflet,  Herbert  Miller.     Asst.  Engr.,  C,  M.  &  St.  P. 

Ry.,  612  East  41st  St.,  Chicago,  HI Oct.        9,   1917 

Stuart,  Edward.    Care,  Engineer's  Society,  Harrisburg,  Pa.     Oct.       9,  1917 

SwiNTON,   Roy   Stanley.     Instr.,   Eng.   Mech.,  "i    ^                   ,,  ^    ,    ,, 

TT   •          i.    Tir-  V             ,,o^     TTTT     ,  ^            /   Jun.               May  2,   1911 

Univ.    of    Michigan,     1126     Washtenaw  I     .  ,r      r,     .  ,     ,      „ 

.           .       .  ,   ^     •=,  '  -                                     f   Assoc.  M.     Sept.  11,  1917 

Ave.,  Ann  Arbor,  Mich \ 

ToRPEN,  Bernhardt  E.     Care,  Cerro  de  Pasco  Min.  Co.,  La 

Oroya,    Peru April  17,  1917 

Van    Amburgh,    Thomas    Albert.     225    Insurance    Bldg., 

Oklahoma,   Okla. May     15,  1917 

Van  den  Broek,  John  Abraham.  Instr.  in  Eng.  Mechanics, 
Univ.  of  Michigan,  819  South  State  St.,  Ann  Arbor, 
Mich Oct.       9,  1917 

Verner,  Julius.  Chf.  Draftsman,  Gen.  Eng.  Dept.,  Stand- 
ard Oil  Co.    (N.  J.),  Box  206,  Linden,  N.  J Oct.        9,   1917 

VoDGES,  Joseph  Johnson.     Engr.,  Brann  &  Stuart  Co.,  310 

Commercial  Trust  Bldg.,  Philadelphia,  Pa.  . Oct.        9,   1917 

Walton,  Harrison  Billingsley.     Capt.,  E.  0.  R.  C,  312th 

Engrs.,  Camp  Pike,  Little  Rock,  Ark Oct.        9,  1917 

Wand,  Anthony   William.     Prof,   of  Civ.   Eng.,  Univ.  of 

New  Mexico;  Albuquerque,  N.  Mex Sept.    11,  1917 

Ward,  Lyman  Wise.     Capt.,  Coast  Artillery  Corps,  Officers 

Reserve,  U.   S.  A.,  Fort  Worden,  Wash April  17,   1917 

Waterman,  Earle  Lytton.  Associate  Prof.,  San.  Eng., 
The  Pennsylvania  State  Coll.,  312  South  Burrowes  St., 
State   College,   Pa Sept.    11,  1917 

Wendt,  Wylie  Brodbeck.  Asst.  Prof.,  Applied  Mechanics, 
Kansas  State  Agri.  Coll.;  Engr.  of  Tests,  State  High- 
way  Conjm.,   Manhattan,   Kans Oct.        9,   1917 

Wiedeman,   Herman   Frederick.     Engr.,    Solomon-Norcross 

Co.,  1625  Candler  Bldg.,  Atlanta,  Ga Oct.        9,  1917 

Winn,    Harry     Strong.     Senior     Civ.     Engr.,  ^  n    imo 

^               T   J           i     /  'Jun.               July       9j   1912 

Interstate   Commerce   Comm.,   Interstate  V.  n    imT 

r  Assoc.  M.     Oct.        9,   1917 

Bldg.,  Kansas  City,  Mo ) 


November,  1917.]    MEMBERSHIP — ADDITION'S — CHANGES  OF  ADDRESS   725 

JUNIOHS  Date  of 
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BiCKEi,,   Gkohge   Robert.     With   Bickol   Asphalt   Co.,    1315 

Cherokee  Ed..  Louisville,  Ky Oct.        9,  1917 

Breymann,    John    Bernard,    Jr.     2052    Robinwood    Ave.. 

Toledo,  Ohio T.  .  .     May     15,  1917 

Fritz,  Walter.     502  East  5th  St.,  Brooklyn,  N.  Y Oct.       9,  1917 

Jacobs,    Nathan    Bernd.     Asst.    Engr.,    Morris    Knowles, 

1200  Jor.es  Bldg.,  Pittsburgh,  Pa Sept.    11,  1917 

Keith,  Gerald  Marcy.     2d  Lieut.,  E.  0.  R.  C.  301st  Engrs., 

Camp  Devens,  Aver,   Mass Sept.    11,  1917 

LeFever,  Kenneth  Winans.     Instrumentman  and  Drafts- 
man,   Ford    &    MacCrea,    326    Gazette    Bldg.,    Little 

Rock,   Ark Sept.    11,  1917 

Parker,  James.     Asst.   to   Gen.   Supt.,   Roxana   Petroleum 

Co.  of  Oklahoma,  Box  422,  Tulsa,  Okla Oct.       9.  1917 

Rader,  James  Wilson.     County  Surv.,  Greenbrier  County, 

Lewisburg,    W.    Va April   17,  1917 

Rensuaw,  Alfked.     Capt..  302d  Engrs.,  Camp  Upton,  N.  Y.      Oct.        9,1917 

Repko,  George  Anton.     Queens  Rd.,  Queens,  N.  Y June    11,  1917 

RiTOW,  Herman.     Co.  B,  302d  Engrs.,  Camp  Upton,  N.  Y. .     Oct.       9,  1917 
Sexton,    Geoege    Francis.     Care,    Const.    Quartermaster, 

Camp  Jackson,  Columbia,  S.  C May     15,  1917 

Stbachan,    Nobman    Eraser.     Asst.    Engr.,    Kansas    State 

Board  of  Health,  1339  Ohio  St.,  Lawrence,  Kans Oct.        9,  1917 

Tbuesdell,    Stephen    Riggs.     Asst.    Engr.,    Office    of    Div. 

Engr.,  M.  C.  R.  R.,  265  West  Main  St.,  Jackson,  Mich.      Oct.        9,   191T 


CHANGES  OF  ADDRESS 


Abbot,  Frederic  Vaughn.  Brig.-Gen.,  Office,  Clif.  of  Engrs.,  U.  S.  A., 
Wasliington,  D.  C.  . 

Andrews,  Horace.     Cocoanut  Grove,  Fla. 

Bacon,  James  Hayward.     1507  St.  Johns  Ave.,  Jacksonville,  Fla. 

Barnes,  Mortimer  Grant.     Cons.  Engr.,  36  State  St.,  Albany,  N.  Y. 

Berey',  John  Bennington.  Cons.  Engr.  (Berry  &  Roberts),  109  North 
Kenilworth  Ave.,  Oak  Park,  111. 

Brown,  Earl  Ivan.  Col.,  317th  Engrs.,  N.  A.,  Camp  Sherman,  Chillicothe, 
Ohio. 

Brownell,  Ernest  Henry.  Civ.  Engr.,  U.  S.  N.,  Care,  Miss  Brownell,  8 
Newberry  St.,  Boston,  Mass. 

BURKY,  Charles  Rogy.     Co.  1,  R.  0.  T.  C,  Presidio,  San  Francisco,  Cal. 

Carpenter,  Edward  Emery.  Executive  Engr.,  Sanderson  &  Porter,  Ray- 
mond,  Wash. 

Case,  Montgomery  Barcock.     Res.  Engr.,  Metropolis  Bridge,  Metropolis.  111. 
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Casler,  Melvin  David.     143  Stevens  Ave.,  INIount  Vernon,  N.  Y. 

Child,  Stephen.     Landscape  Arclit.  and  Cons.  Engr.,  Care,  Pierce  &  Barnes 

Co.,  7  Water  St.,  Boston,  Mass. 
CoE,    Clarence    Stawley.      Capt.,    17th    Engrs.,     (Ry.),    Am.    Exp.    Force, 

France. 
Collins,   Emmett   Filmore.     Valuation  Engr.,   St.   L.  &   S.   F.  R.  R.,   631 

Frisco  Bldg.,  St.  Louis,  Mo. 
Courtney,  Reginald  Sydney.     Care,   British  War  Mission,   1735  Equitable 

Bldg.,  New  York  City. 
Cunningham,  John  George  Lawrence.     Hotel  Angus,  St.  Paul,  Minn. 
Darrow,   Wilton    Joseph.     344    West   End   Ave.,   New   York   City. 
Dater,    Philip   Herrick.     Cons.   Engr.,    1000   Chamber   of   Commerce   Bldg. 

(Res.,  1345  Wistaria  Ave.),  Portland,  Ore. 
Davis,   Chandler.     Capt.,   6th   U.   S.   Engrs.,   Washington   Barracks,   Wash- 
ington,  D.   C. 
De  La  Mater,   Stephen   Truesdell.     Cons.   Engr.,    1040  McCormick   Bldg., 

Chicago,  111. 
Dent,  Elliott  Johnstone.     Col.,  26th  Engrs.,  Camp  Dix,  N.  J. 
Early,  Percy  Walker.     Care,  Mason  &  Hanger  Co.,  Lake  Charles,  La. 
Endicott,    Mordecai    Thomas.      { Past- President ) .     Civ.    Engr.,    U.    S.    N.; 

Rear-Admiral    (Retired),    1865    Wyoming   Ave.,    N.    W.,   Washington, 

D.  C. 
Evans,  Joseph  Dean.     30  Church  St.,  Suite  501 -E,  New  York  City. 
Fickes,   Clark   Robinson.     110  North   Clinton   St.,   Iowa   City,   Iowa. 
Fisher,  J\non.     Maj.,  E.  0.  R.  C,  Eccleston,  Md. 
French,  Frank  Chauncey.     Mgr.,  Consolidated  Min.  &  Milling'  Co.,  Lake 

City,   Colo. 
Gardiner,  John  Peden.     222  California  Ave.,  Santa  Monica,  Cal. 
Gayol,  Roberto.     Cons.  Engr.,  Apartado  Postal  766,  City  of  Mexico,  Mexico. 
Gerber,    Winfred    Dean.     Civ.    and    San    Engr.,    Chamber    of    Commerce, 

Chicago,   111. 
Gibson,  Norman   Rothwell.     190  University  Ave.',  Toronto,   Ont.,   Canada. 
Goodale,  Loomis  Farrington.     215  McGregor  Boulevard,   Fort  Myers,   Fla. 
Hageman,    Harry    Andrew.     Mech.    Engr.,    Fore    River    Shipbuilding    Cor- 
poration,  Quincy,   Mass. 
Haines,  Henry  Stevens.     1154  Worthington  St.,  Springfield,  Mass. 
Hains,  Peter  Conoveb.     Maj.  Gen.,  U.  S.  A.    (Retired)  ;   Dist.   Engr.,  Box 

283,  Norfolk,  Va. 
Hamlin,    Homer.     Cons.    Engr.    and    Geologist,    1103    Central    Bldg.,    Los 

Angeles.  Cal. 
Harrison,  William  Burr.     :Maj.,  E.  0.  R.  C,  War  Dept.,  Oflice  of  Chf.  of 

Engrs.,  Washington,  D.  C. 
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(27) 

c. 

L. 

Kasson. 

(27) 

(Ill) 

Aug.  15 

■11. 

(27)      Aug. 

18. 
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Electrical. 

A  Successful   Electric  Truck  Delivery  Service*      F.   I).  Weber.      (Ill)      Aug.   1. 

Electric  Tractors  at  Pier  4.   New  York.       (15)      Aug.   .3. 

Water-Itheostat  Con.struction.*      Norman  I^.  Ilea.      (64)      Aug.  7. 

Some    Notes    on    Diving-Hell    Covers    for    Disconnecting    Boxes.*      G.    W.    Stubbings. 

(26)      Aug.  10. 
Transmission     Line    Charging    Currents.      R.     H.     Marvin.      (27)      Serial     beginning 

Aug.   11. 
Operation     and     Upkeep     of     Factory     Lighting     Systems.* 

Aug.   11. 
Special     Testing    Apparatus    of     Boston     Edison     Company.* 

Aug.    11. 
Size  of  Service  Wires  for  a  Group  of  Motors.      F.   1).  Weber. 
A  Itadio  Station  in  Salvador.*      J.  W.  Finch.      (Ill)      Aug.  15. 
Ilalifa.x  Corporation  Electricity  Works.*       (26)      Aug.   17. 
Initial  and  Operating  Cost  of  Factory  Lighting.*      C.  E.  Clewell. 
Line  Construction  Cost.       (27)      Aug.   IS. 
Regulation    with  V-Connected    Transformers.*      Leslie    F.    Curtis.       (27)      Aug.    18. 
Practical  Talks  on  Controllers — Controllers  for  Wound-Rotor  Motors.*     (64)     Aug.  21. 
The    E.\amiuation    of    Commutation    Conditions    in    Interpole    Machines.*      Frederick 

Murgatroyd.      (26)      Aug.  24. 
Fault  Localization  by  Drop  of  Potential.*      H.  E.  Blake.      (26)      Aug.  24. 
V.    B.   Cable  Breakdowns   in   the  Tropics.*      D.   M.   W.   Hutchi.son.      (26)      Aug.   24. 
Accurate  Method  of  Measuring  Motor  Slip.*      Milton  M.  Flanders.      (27)      Aug.  25. 
The  Cathode   Ray  Tube  and   Its  Applications.*      M.   E.  Tressler.      (19)      Aug.   25. 
Features  of  Modern   Standardizing  Laboratory.*      E.   P.   Peck.      (27)      Aug.   25. 
The   Parallel  Operation  of  Distribution  Transformers.      (27)      Aug.   25. 
Apparent  Sunlight  for  Underground  Passage.       (27)      Aug.  25. 
Method    of    Paralleling    A.-C.    Generators    Controlled    by    Regulator.*      T.    F.    Barton. 

(64)       Aug.  28. 
Balancer  Used  for  Testing  Purposes.*      (26)      Aug.  31. 
Notes  on   Alternating-Current  Traction    Motors.      (26)      Aug.    31. 
Mercury    Rectifiers  for  Large  Outputs.*       (26)      Aug.  31. 
Les     Sous-Stations     a     Commutatrices     Electriques     a     Marche    Automatique.*      (33) 

July  21. 
Les    Electrodes    pour   Fours    Electriques    Fabrication,    Proprietes,    Utilisation.*      Jean 

Escard.      {33)      Aug.  4. 

Marine. 

Electric  Drive  for  Battleship  Tennessee.*      (64)      Aug.  7. 

The  Marine  Water-Tube  Boiler.*      Charles   H.   Bromley.      (64)      Aug.   14. 

Moving  1  000-Ton   Barge  One  Mile  Overland.*      (86)      Aug.   15. 

Ferro-Concrete  Vessels.*      (11)      Aug.  17. 

The  Revival  of  the  Monitor.      (12)      Aug.  17. 

Naval  Power-Boat  Construction  in  America.*      (12)      Aug.  17. 

Operation  of  Marine  Evaporators.*      Charles  H.   Bromley.      (64)      Aug.   21. 

The  "Beardmore"  Marine  Oil  Engine.      (11)      Aug.  24. 

The  Development  of  Machinery  in  the  United  States  Navy  During  the  Past  Ten  Years. 

C.   W.   Dyson.       (12)      Aug.   24. 
Disappearing  Guns   for   Submarines.*      Louis   Dayral.      (19)      Aug.   25. 
Ga.s  Engine  Drive  for  Submerged  Submarines.*      E.  C.  Grossman.      (46)      Aug.  25. 
Forced  Draft  for  Marine  Boilers.*      Charles  H.  Bromley.      (64)      Aug.  28. 
Cost  Plus  Percentage  Contract  of  Bureau  of  Yards  and  Docks.      (86)      Aug.   29. 
Gouvernail  Hydraulique  avec  Regulateur  Pratt.*      [33)      Aug.  4. 
La  Flotiabilite  et  la  Stabilite  des  Sous-Marins.*      (33)      Aug.  25. 
Das   Boothaus  des  Ziircher  Yacht-Club.*      Pfleghard  and  Hafeli.      (107)      Aug.   18. 

Mechanical. 

Investigation  of  Stresses  in  Mill  Housings.*      J.  D.  Keller.      (116)      Aug. 

Roll    Pa.ss  Design  for  Standard   Rails.*      W.  S.   Standiford.      (116)      Aug. 

Rolling  Mill  Power  Requirements.*      F.  Denk.      (116)      Aug. 

Reducing  the  Cost  of  Forge  Shop  Fuel.      M.  T.  Dean.       (62)      Aug. 

Pneumatic  Ash-Handling  Plant.*      (12)      Aug.  3. 

Stresses  in  Rotating  Discs  with  a  Hole  at  the  Center.*      W.   Knight.      (11)      Aug.  3. 

Graphic   Determination   of  Heat  Units  in   Coal.*       (16)      Aug.  4. 

Li(iuid  in  Di.scharge  Line  Gives  Trouble.*      E.  W.   Miller.      (64)      Aug.  7. 

The  Care  of  Turbine  Oil.      (64)      Aug.  7. 

Method  of  Laying  Submerged  Gas  Main  in  Winter.      (86)      Aug.  8. 

Modern  Steel-Frame  Shop   Design  used  in  New  Foundry.*      (13)      Aug.   9. 

Coal  Concreted  from  Dust  or  Ashes.  R.  Goulburn  Lovell.  (Paper  read  before  the 
Soc.   of   Architects).      (12)      Aug.    10. 

Welding  with  Application  to  Automobile  Engineering.*  Herbert  L.  Towns.  (Ab- 
stract of  paper  read  before  the  Institution  of  Automobile  Engrs.)      (12)      Aug. 

*  Illustrated. 
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Mechanical—!  Continued). 

Coal    and    Ash    Plaut    at    the    Osaka    Electric    Works.*      George    Frederick    Zimmer. 

(12)      Aug.   10. 
Some   Bulb   Experiments  on   Hot  Bulb  Engines.*      (12)      Aug.   10. 
Low    Temperature    Carbonising    and    Some    Products.*      Robert    Maclaurin.      (Paper 

read   before  the  Sec.   ot  Chemical   Indu.stry  at  Glasgow.)       (11)      Aug.    10. 
Aircraft  and    Motor-Car   Engine   Design  :     Contrasted   from   the   Standpoint   of   a   De- 
signer and  Manufacturer  ot  Both  Types.      Louis  Coatalen.      (29)      Aug.   10. 
Suction   Turbulence.      (19)      Aug.   11. 
Chain    of    Rocks    Remodeled    Boiler    Plant.*      H.    F.    Gauss.      (64)      Serial    beginning 

Aug.  1-i. 
Tar  Oil    as   Diesel    Engine   Fuel.      Geoffrey    Porter.      (Abstract   of   paper   read   before 

the   Diesel    Engine   Users'   Assoc.)       (64)      Aug.    14. 
The  Labor  Factor   in   Setting  Terra   Cotta   Kilns.*      Rolf   W.    Bauhahn.      (76)      Aug. 

1-4. 
The  Throwing  on  of  Belts.*      James  F.  Hobart.      (64)      Aug.   14. 
Coal-Handling    Plant   at   Durban.*      George    Frederick   Zimfiier.      (11)      Aug.    17. 
Pressure   Reducing  and  Regulating  Valves.*      J.  C.  Hawkins.      (64)      Aug.   17. 
The  Early  History  of  the   Manufacture  of  Sheet   Iron   and   Terne   Plates   in   America. 

Alfred    Marshall.      (Paper    read    before    Metal    Branch    of    National    Hardware 

Assoc.)       (101)      Aug.  17. 
The  Development  of  Commercial   Dirigibles.     R.    B.   Price.      (Paper   read   before   the 

Aviation  Congress,  New  York.)       (19)      Aug.  18. 
The  Stevens-Pratt  Boiler.*      (64)      Aug.  21. 

Conveying   Building   Materials   by    Gravity    Rollers.*      (86)      Aug.    22. 
Structural  Shop  Has  Well-Planned  Framing  and  Layout.*      (13)      Aug.  23. 
Use  of   Safety   Valves   and   Pressure   Gages :     Types   of    Appliances   Used    Under   Dif- 
ferent Conditions  in   Boiler  Plants  of  Steam  and  Hot  Water  Heating  Systems.* 

Caloric.      (101)      Aug.   24. 
Aero-Engine  Connecting-Rods.*      P.  G.  Bourcler.      (12)      Aug.  24. 
The  Commercial  Production  of  Oxygen.      (11)      Aug.   24. 
Methods  of  Measuring  Aircraft  Performances.*      H.   T.   Tizard.      (Paper   read   before 

the  Aeronautical  Soc.  of  Great  Britain.)       (11)  Aug.  24;   (19)   Aug.  11. 
Increased  Utility  of  Modern  Malleable  Iron.*      A.  H.  Weston.      (15)      Aug.  24. 
Starting  the  Steam  Turbine.*      (64)      Aug.   28. 

Sources  of  Loss   in   Steam   Plants.      R.   E.   Clizbe.      (64)      Aug.   28. 
Making  Machinable  Castings  from   Permanent   Iron  Moulds.      (11)      Aug.   31. 
Gas-Driven   Motor  Vehicles.*      (12)      Aug.  31. 
The  Restriction  of  Our  Coal  Exports  and  Its  Effect  Upon  the  Gas  Industries  of  the 

World.      George   Frederick  Zimmer.      (11)      Aug.   31. 
La  Distillation   de  la  Houille  &  Basse  Temperature.*      (33)      July   7. 
L'Amglioration  du  Fonctionnement  Thermique  et  Organique  des  Moteurs  i  Explosion 

et   Si    Combustion.*      L.    Pierre-Guedon.      (11)      July    7. 
Nouvelle   Methode   pour   le   Reglage   de   la   Tension    des    Haubans    des   Aeroplanes    au 

Moyen   d'un    Frequentionmetre.      Carlo    Maurilio   Lerici.      {33)      July   21. 
La  Deterioration  des  Aubages  de  Turbines  a  Vapeur.*      (33)      July  28. 
Kolk-Erfahrung  und   ihre   Beriieksichtigung   bei   der   Ausbildung   beweglicher   Wehre. 

Hans  Roth.      (107)      Serial  beginning  July  14. 
Versuche  iiber  die  Regulierarbeit  von  Francisturbinen.*    A.  Strickler.    (107)    July  28. 
Hochstwerte   der  Leistungen  und   Drehzahlen   bei   Riemenscheiben   und   Zahnradern.* 

W.  Kummer.      (107)      Aug.  4. 

Metallurj^ical. 

Importance    of    Vanadium    in    Steel.*      G.    L.    Norris.      (Paper    read    before    the   Am. 

Soc.  for  Testing  Materials.)       (62)      Aug.;      (18)      Aug.  11. 
Sulphur  as  a  Component  of  Furnace  Slag.*      Wallace  G.  Imhoff.      (116)      Aug. 
Significance  and   Utility   of   the   Spellerizing   Process.*      (18)      Aug.   4. 
Metallurgy   of   Ferrochromium.      (16)      Aug.    11. 
Formation  of  Zinc  Ferrate.*      E.  H.  Hamilton,  G.   Murray  and  D.  Mcintosh.      (103) 

Aug.   11. 
Flotation  Tests  on  Gold  Ores.      Edwin  Joyce.      (103)      Aug.   11. 
Launder  Flotation  IMachine.*      B.   M.   Snyder.      (103)      Aug.   11. 
Furnaces  for  the  Heat  Treatment  of  Metals.*      (12)      Aug.   17. 
Control  of  Emulsions  in   Flotation.      Courtenay  De  Kalb.      (103)      Aug.   18. 
Copper-Precipitating   Plant  at   Balaklala   Mine.*      S.   A.   Holman.      (103)      Aug.    18. 
British   America   Nickel    Corporation's   New   Works    in    Ontario.*      E.    P.    Mathewson. 

(16)      Aug.  25. 
Hydro-Metallurgy  of  Lead-Silver  at  the  Bunker  Hill  Smelter.*      Clarence  L.   Larson. 

fl03)      Aug.  25. 
The  Flotation  of  Gold  and  Silver  Mineral.*      T.  A.  Rickard.      (103)      Aug.  25. 
Chemical   Reactions  of  Iron   Smelting.      Walther  Mathesius.      (Paper  read  before  the 

Am.  Iron   and   Steel   Inst.)       (19)      Aug.   25. 
La  Production  et  la  Consommation  Mondiales  du  Cuivre.      (.33)     Aug.  11. 
L'Etat  Actuel  de  I'lndustrie  du  Plomb.*      Ch.  Dantin.      (33)      Aug.   25. 

*  Illustrated. 
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Military. 

\V;ir  Iiilliienoe  on  Korge  Shop  Production.*      A.  W.  Peterson.      (62)      Aug. 
IIonioKt'iifous   Organization   Speeds   Work   at   Ayer   Cantonment.*      (13)      Aug.    2. 
Military    Influence    on    Motor    Trucl<    Design.      H.    D.    Cliurcli.      (Paper    road    before 

tlic  Cleveland  Eng.  Soc.)       (11)      Aug.   .3. 
Road-liuilding   ndiiiid   the   Trenches.      (96)      Aug.   9. 
Railroading    Big   Guns    Into    Firing   Positions.      (IS)      Aug.    10. 

A  Huilding  Every  4(5  Minutes  the  Construction   Record  at  the  Fort  Sheridan  Canton- 
ment.*     (86)      Aug.   22. 
Engineering  Team-Work   Aids   Rush   Army   Job   at   Camp   Upton,    N.    Y.*      Robert   K. 

Tomlin.  .Jr.       (  \3)      Aug.  23. 
Aerial    Bombardment.*      (11)      Aug.   24. 

The  War  of   Specialists — The  Machine  Gunner.*     Jjouis   Keene.      (46)      Aug.    25. 
Disappearing   Guns    for    Submarines.*      Louis    Dayral.      (19)      Aug.    25. 
Army    Cantonment   at    Louisville    Laid    Out    Like    Suburban    Development.*      Nathan 

C.    Rockwood.       (13)      Aug.    ."^0. 
Commandeer  Organizations  for  Illinoiis  Cantonment  Construction.*      W.  W.  DeDerard. 

(13)      Aug.  30. 
Air    System.s    in    the   Manufacture   of   Shrapnel.*      .i.    I.    Lyle.      (Address    before    Am. 

Soc.  of  Heating  and  Ventilating  Engrs.)       (101)      Aug.   31. 
Poincons    de    Pergage    en    Acier    au    Vanadium    pour    Presses    a.    Ebauclier    les    Obus. 

{33)      July  28. 

Mining. 

Blasting  by  V»'holesale.      (67)      Aug. 

Tungsten    Ores.      (11)      Aug.    3. 

Mining  Expansion.      Homer  A.  Guck.      (16)      Aug.   4. 

Mining   at   Juneau.   Alaska.*      Floyd   W.    Parsons.      (16)      Aug.   4. 

The  Manganese  Ore  Market.      (16)      Aug.   4. 

Remedies    for    the    Petroleum    and    Gasoline    Situation.      Frederick    G.    Clapp.      (16) 

Aug.  4. 
The  Massey  Copper  Mine.  Ontario,  Canada.*      Francis  Church  Lincoln.      (16)      Aug.  4 
Dangers  .Accompanying  Use  of  Carbide.      (16)      Aug.  4. 

A  Steel  Headframe  in  Ecuador.*      W.  A.  Wolf  and  T.  L.  Chapman.      (16)      Aug.   11 
Observations  on  Sinking  Pumps.*      J.  F.  Kellock  Brown.      (16)      Aug.  11. 
Timbering  in  Deep  Placer  Mining.*      Harold  T.   Power.      (103)      Aug.   11. 
Magnesite  on  the  Pacific  Coast.*      (103)      Aug.   11. 
Cost  of  Crosscutting   on   the   Mother   Lode.      (Abstract   of   Bulletin   No.   5,   California 

Metal   Producers'   Assoc.)       (16)      Aug.   11. 
Effect   of   Shape  of  Cutting   Edge  on   Cutting  Speed   and   Wearing   Qualities  of   Drill 

Bits.      (86)      Aug.   15. 
Ore  Reserves  of  the  Rand.*      A.  Cooper  Key.      (16)      Aug.  18. 
Use  and  Testing  of  Oxygen   Mine-Rescue  Apparatus.*      (103)      Aug.   18. 
Enlarging  the  Chief  Con.solidated  Shaft.*      J.  H.  Hodges.      (16)      Aug.  18. 
Mining    Methods    at    Magpie    Iron    Mine.*      A.    Hasseibring.      (Paper    read    before   the 

Canadian    Min.    Inst.)       (16)      Aug.    25. 
Molybdenite  and  Its  Occurrences.      Sydney  H.  Bail.      (16)      Aug.  25. 
Detrital    Copper   Deposits.      W.    Tovote.      (103)      Aug.    25. 
Prospecting   with   Electricity.*      H.   R.   Conklin.      (16)      Aug.    25. 
Molybdenum  and  Ferro-Molybdenum.*      (11)      Aug.  31. 
The  Tungsten  Deposits  of  Essexvale,  Southern  Rhodesia.      (29)      Aug.  31. 

Miscellaneous. 

The  Organization  of  the  Architectural   Profession.      Sidney  Webb.      (6)      Aug. 

The   Romance   of   Rope   and   Twine.*      A.    H.  Wells.      (108)      Aug. 

Some    Suggestions    for    Improvements    in   the   Engineering    Profession.      F.    G.    Jonah. 

(Paper    read   before   the   Engineers'    Club   of   St.    Louis.)       (96)      Aug.   2. 
An   Amateur's   Observatory.*      Russell   W.   Porter.      (19)      Aug.   4. 
Photographs  by  Cable  :    How  the  Korn  Telegraphic  Process  is  Extended  to  Submarine 

Transmission.*      (46)      Aug.   4. 
A    Practical    Plan    of    Engineering    Co-Operation.      F.    H.    Newell.      (Abstract    from 

paper  read  before  the  Cleveland   Eng.   Soc.)       (96)      Aug.   9. 
Photographing  Standard   Plans.*      J.  G.  Wishart.      (15)      Aug.   10. 
Methods   Used    in    Drying   Our   Paper   Money.*      H.    C.    Russell.      (Paper   read    before 

the  Am.  Soc.  of  Heating  and   Ventilating  Engrs.)       (101)      Aug.   10. 
Mount   Wilson's   100-Inch   Reflector.*      Francis   G.   Pease.      (46)      Aug.   11. 
The  Largest   Reflecting  Telescope   in   the   World.*      (19)      Aug.   18. 
Selling   the   Services  of   a   Construction   Company.      (86)      Aug.   22. 
The  Training  of  Our  Industrial   Forces.      H.   F.  L.  Orcutt.      (11)      Aug.  24. 
Synthetic   Nitrogen   Compounds.*      (12)      Aug.   24. 
What    is    a    "Fair    Return"    For    Public    Utilities?*      William    G.     Raymond.      (15) 

Aug.  24. 
Camp   Management  Helps  to  Solve  California  Labor  Problems.*      (13)      Aug.   30. 

•  Hlustrated. 
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Mlacellaneous— (Continued). 

The    Distribiiiinn   of   Establishment   Charges.      F.    T.   Clapham.      (12)      Aug.    31. 
The  Law  and  the  Rif?hts  of  Workmen.      A.  L.  H.  Street.      (101)      Aug.   31. 
Mesures  Prises  en  Allemagne  pour  Lutter  Centre  la  Disette  des  Corps  Gras.      Pierre 

Pascal.      (33)      July  2S. 
Le  Preapprentlssage.      Maurice  Bellom.      (33)      Serial  beginning  July  28. 

Municipal. 

What  France  is  Doing  in  City  Planning  in  Time  of  War.*  George  B.  Ford.  (6) 
Aug. 

Wisconsin  Enacts  Three  Notable  City-Planning  Laws.  S.  J.  Williams.  (13) 
Aug.   2. 

Civic  Architecture  and  Town-Planning.  Beresford  Pite.  (29)  Serial  beginning 
Aug.  17. 

Metropolitan  Districts  for  Planning  and  Administration.  Morris  Knowles.  (Ab- 
stract of  address  before  the  Windsor,   Ont.,   Board  of  Trade.)      (96)      Aug.   23. 

La  Reconstruction  des  Agglomerations  Rurales  dans  les  Regions  Envahies.  G. 
Espitallier.      (33)      July  7. 

Railroads. 

Automatic  Train   Control.      (21)      Aug. 

Repairing  and  Rebuilding  Private  Owners'  Wagons.*      (21)      Aug. 

Proposed   Federal   Taxation   of   Railroads.      (15)      Aug.    3. 

The  Heavie-st   Santa   Fe  Type  Locomotives  Used   in    Both   Road   and   Pusher  Service 

on  the  Heavy  Grades  of  the  Denver  &  Rio  Grande  Railroad.      (15)      Aug.  3. 
The  Railway   Problem.      (11)      Serial   beginning  Aug.    3. 
The   Mounting  Costs  of  Railway  Operation  :     Beaver  Valley  Traction  Company   Uses 

Graphics    Liberally    to    Indicate   the   Upward    Progress   of    These    Costs.*      (17) 

Aug.  4. 
The  New  Three-Phase  Locomotive  for  Italy.*      (17)      Aug.  4. 
Oils  and  Their  Use  in  Railway  Service.      (18)      Aug.  4. 

Dynamometer  Car  for  the   Nashville   Chattanooga  &  St.   Louis   Ry.*      (18)      Aug.   4. 
New  Rails  Made  from  Old.*      (13)      Aug.  9. 

By-Products   of   an   Apprenticeship    System.     John   H.   Linn.      (15)      Aug.    10. 
Conversion    of    Consolidation    Type   Locomotives    to    Eight-Wheel    Switchers.*     F.    J. 

Carty.      (15)      Aug.   10. 
Operating  Men   Discuss  Use  of   the  Overlap.      (IS)      Aug.    10. 
Pere  Marquette  Freight  Station  at  Chicago.*      (15)      Aug.  10. 
Battery-Operated  Railway  Signals.*      (12)      Aug.  10. 

Southern  Pacific  Railroad  Extends  Oregon  Electrification.*      (17)      Aug.  11. 
D.  U.  R.  Triples  Freight  Handling  Capacity.*      (17)      Aug.  11. 
Joint  Interurban  Freight  Facilities  for  Indianapolis.*      (17)      Aug.  11. 
4-8-2  Type  Locomotives  for  the  New  York  Central  R.  R.*      (18)      Aug.  11. 
A  120-Ton  Coal  Car  for  the  Virginian.*      B.  W.  Kadel.      (15)      Aug.  17. 
Seaminess  as  a  Cause  of  Rail  Failures.      (15)      Aug.  17. 
Constructive  Suggestions  on  Car  Interchange.      (15)      Aug.  17. 
City  and  Suburban  Electric  Railways  of  Sydney.*      (12)      Aug.  17. 
Pneumatic    Tie   Tamping   on    the   Delaware,    Lackawanna   &    Western    R.    R.*      (18) 

Aug.  18. 
Freight  Loss  and  Damage  on  the  M.,   K.   &  T.   Ry.*      (18)      Aug.   18. 
A  New  Freight  System  to  Conserve  Our  Foods.*      James  Anderson.      (46)      Aug.  18. 
A  7  OOO-Horse-Power  Electric  Locomotive.*      William  H.  Easton.      (46)      Aug.  18. 
Determination  of  Car  Requirements  of  a  Railroad.      (15)      Aug.  24. 
Possibilities  of  a  Market-Train  Service.     G.  C.  WTiite  and  T.  F.   Powell.      (Abstract 

of  Bulletin  issued  by  Dept.  of  Agriculture.)       (15)      Aug.  24. 
Second  Track  Work  on  the  Union  Pacific.      (IS)      Aug.  24. 
Pacific  Electric  Railway  Terminal  at  Los  Angeles.*      (17)      Aug.  25. 
Raise  4  Miles  of  Line  to  Eliminate  21  Grade  Crossings.*      (13)      Aug.  30. 
Oil-Electric  Motor  Car.*      (15)      Aug.  31. 
A  New  Passenger  Station  at  Danville,  111.*      (15)      Aug.  31. 

Economical  Tonnage  Rating  for  Way  Freight  Trains.      F.  W.  Green.      (15)      Aug.  31. 
Articulated  Six- Wheel  Freight  Car  Truck.*      (15)      Aug.  31. 
Standard  Code  Rules  17  and  90.      Harry  W.  Forman.      (15)      Aug.  31. 
A.  C.  Signals  on  the  Southern  Railway.*      (15)      Aug.  31. 

Purchase  and  Maintenance  of  Labor  on  Railroads.      E.  Wanamaker.      (15)      Aug.  31. 
La    Reconstruction    de    la    Gare    de    Marchandises    d'Oldham    Road    k    Manchester.* 

P.  Calfas.      (33)      July  7. 
Le  R6glement   des  Salaires  dans  les  Chemins  de  Fer  prussiens-hessois  au   Point  de 

Vue  de  I'Economie  Social.*     A.  Goupil.      (33)      July  14. 
La    Centre- Vapeur,    sa   Puissance,    son   Eknploi    Actuel    dans    les    Locomotives.      (33) 

Aug.  11. 
Elektrische      Dampfkesselheizung      als     Notbehelf     fiir      Schwelz.      Eisenbahn      mit 

Dampfbetrieb.     W.  Kummer.      (107)      July  7. 

*  Illustrated. 
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l!('aiis|iriii  huiii;     eliics     Ijokoiuotlve-Danipfzylindcr-Deckels.*      Huldr.     Keller.      (107) 

Serial  bcgiiiiiinK  July  7. 
Hiilfswagen  der  Rhatischen  Bahn.*      Albert  Guhl.      (107)      July  14. 
Elektrisehe  Warme-Erzcugung  fiir  Dampfbahnen.      (107)      July  21. 
nic  neuen   Lokomotiven  der   Nilgirl-Bahn.*      S.  Abt.      (107)      Aug.   18. 
Elektrifizierung  der  Gotthardbahn.*      (107)      Aug.  IS. 

Railroads,  Street. 

Railway  Stops.*      John  A.  Heeler.      (17)      Aug.  18. 

Montreal  Adopts  Air-Operated  Doors  and  Steps.*      (17)      Aug.  18. 

Semi-Steel  Trailers  Built  by  Cleveland  Railway.*      (17)      Aug.  18. 

Traffic  Recorder  Helps  Service.      George  Jackson.      (17)      Aug.   18. 

Preferred  Lengths  for  City  Cars  :  A  Classification  of  City  Car  Orders  for  Last  Year 

Shows  that  33  Ft.  for  Single-Truck  Cars  and  45  Ft.  for  Double-Truck  Cars  are 

the  Most  Popular  Lengths.*      (17)      Aug.  2.5. 
Springfield    Street    Railway    Completes    Model    Carhouse :    Efficient    Handling    of    Car 

Movements    and    Adequate    Provision    for    Running    Repairs    and    luispection    were 

Considered  Fundamental  in  the  Design  of  the  Xew  Hooker  Street  Plant.*      (17) 

Aug.  25. 
Flexion  des   Rails  de  Tramways.*      Louis  Tournayre.      (33)      July   14. 
Flexion  des  Rails  de  Tramway.*      P.  Caufourler.      (33)      Aug.  25. 

Roads  and  Pavements. 

Various  Aggregates  in  Test  Concrete  Road.      (67)      Aug. 

Completion  of  Toronto-Hamilton  High-Way.*     Harry  Stewart  Van  Scoyoc.     (96)     Aug.  2. 

All    Cleveland    United    in    Good-Paving    Campaign.*      Nathan    C.     Rockwood.      (13) 

Aug.  2. 
A   New  Road  Sweeping  Machine.*      (12)      Aug.  3. 
Testing    of    Road    Materials.      (Report    of    Committee    D-4    of    Am.    Soc.    for    Testing 

Materials.)       (104)      Aug.   10. 
Specifications   for  Bituminous  Materials.      (96)      Aug.  16. 
How  the  Surface  of  a  Road  Affects  Tractive  Effort.*      (13)      Aug.  23. 
Serial  Bonds  for  Road  Building  Save  Money.*      M.  O.  Eldridge.      (13)      Aug.  30. 
Methods  of  Applying  Bituminous  Materials.      G.  Cameron  Parker.      (104)      Aug.  31. 

Sanitation. 

Retaining    Dams    Prevent    Overflow    of    Sewers    at    Binghamton.*      W.    Earl    Weller. 

(13)      Aug.  2. 
Activated  Sludge  Sewage  Purification  Plant  Near  Worcester.*      (11)      Aug.   3. 
Traveling    Field    Laboratory    of    New    Jersey    State    Department    of    Health.*      (86) 

Aug.  8. 
Objectionable  Features  of  Sprinkling  Filters  and  the  Cause.      (86)      Aug.  8. 
Methods    and    Costs    of    Location    Surveys    for    the    Little    River    Drainage    District, 

Missouri.      B.   F.    Burns.       (96)      Aug.   9. 
Uses  of  the  Open  Fireplace.*      John.  Y.   Dunlop.      (101)      Aug.   10. 
Workingmen's    Baths    for    Industrial    Plants.*      August    P     Windolph.      (From    paper 

read    before    Am.    Assoc,    for    Promoting    Hygiene    and    Public    Baths.)       (101) 

Aug.   10. 
The   Activated   Sludge    Process   of   Sewage   Purification.      Edward    Ardern.      (Extracts 

from   paper  read  before  the  Soc.  of  Chemical   Industry.)       (104)      Aug.   17. 
The  Warm-Air  Furnace  Heating  System.*      I.  F.  Grumbein.      (Paper  read  before  the 

Am.   Soc.  of  Heating  and  Ventilating  Engrs.)       (101)      Aug.   2i. 
Construction    of    the    Woodville    Avenue    Sewer,    Toronto.*      W.    G.    Cameron.      (96) 

Aug.  30. 
Remodeling  a  Small  Sewage  Works  in  California.*      (13)      Aug.  30. 
Worcester     Owns     and     Operates     a     Model     Garbage-Disposal     Piggery.*       Frederic 

Bonnet,  Jr.      (13)      Aug.  30. 
The  Sanitary  Aspects  of  Swimming  Pools.*      H.   St.  Van  Busklrk.      (101)      Aug.  31. 
Trunk  Main  System  Heats  California  Home.*      C.  A.  W.      (101)      Aug.  31. 
Die  Biindner  Heilstatte  in  Arosa.*      Otto  Manz.      (107)      Aug.  11. 

Structural. 

Fire  and  Load  Tests  of  Columns  Now  Being  Made.*      (13)      Aug.  2. 

Six  Months  Allowed  to  Erect  Large  Concrete  Warehouse.*      (13)      Aug.  9. 

Simple  Calculations  of  Circular  Arcs.*      (12)      Aug.  10. 

Effects   of   Grading   of   Sands    and    Consistency    of   Mix    Upon    Strength    of    Concrete.* 

L.  N.  Edwards.      (96)  Aug.  16;   (104)   Aug.  31. 
A    Central    Concrete    Mixing    Plant    and    Why    it    Failed.      Frederic    H.    Hill.      (17) 

Aug.  18. 

*  Illustrated. 
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Structural— (Continued). 

Combined    Pressure    on    Piles    from    Vertical    Loads    and    Lateral    Forces.*      N.    M. 

Stineman.      (86)      Aug.  22. 
Curves  for  Angles  as  Compression   Members.*      E.  Dow  Gilman.      (86)      Aug.  22. 
Relative  Effectiveness  of  Various  Tvpcs  of  Roofs  in  Preventing  Condensation.*      (86) 

.Aug.  22. 
Quantities  and  Estimates.      C.  O.  Mourant.      (104)      Aug.  24. 

Englisly  Practice  in  Covering  Turret  Roofs.*      John  Y.  Dunlop.      (101)      Aug.  24. 
O.xidizing    Copper    Fronts    of    Shops:    Methods    Employed    to    Hasten    the    Process    of 

Oxidation-Mixing,  the  Solutions  and  the  Time  Required.*      (101)      Aug.  24. 
Tran.smission  of  Concrete  by  Air  and  Steam.*      (12)      Aug.  24. 
Magnetic    .\nalysis    of     Rails    and    Other    Steel     Product.s.*      Charles    W.     Burrows. 

(Abstract  of  paper  read  before  Am.  Soc.  for  Testing  Materials.)      (18)      Aug.  25  ; 

(86)      Aug.    22. 
Small   Circular  Concrete  Bins  Used  for  Storage  of  Cement.*      (13)      Aug.   30. 
La   Uiisistance  au   Flambage  des   Piliers   Metalliques,  Essais  du   Bureau  of  Standards 

des   Etats-Unis-.*      A.   Goupil.      (33)      Aug.   18. 
Der  Neubau  der  Zentralbibliothek  in  Ziirieh.*      H.  Fietz.      (107)      July  7. 
Wettbewerh   fiir  die   Schweizerische   Nationalbank   in   Ziirieh.*      (107)      Serial   begin- 
ning July  21. 
Der    meiirfaclie    Rahmen    mit    horizontal    verschiebbarem    und    mit    unverschiebbarem 

Balken.*      Robert  Gsell-IIeldt.      (107)      Serial  beginning  Aug.  11. 
Wettbewerh    fiir    eine    evangelische    Kirche    am    Thiersteinerrain    in    Basel.*      (107) 

Aug.  25. 

Water  Supply. 

Maintenance  of  Motor-Driven  Deep-Well  Pumps.      Melvin  L.   Bnger.      (60)      Aug. 
Joint  Leakage  in  Vitrified  Pipe  Line.*      William  W.  Brush.      (60)      Aug. 
Pumping  Plants  of  the  U.  S.  Reclamation  Service.*      S.  T.  Harding.      (Ill)      Aug.   1. 
The  Bonus,  Water  Right  Value,  Appreciation.      C.  E.   Grunsky.      (Ill)      Aug.  1. 
The  Treasury  Department  Standard  for  Drinking  Water — Its  Value  and  Enforcement. 

H.  P.  Letton.      (Paper  read  before  the  Am.  Water  Works  Assoc.)       (96)      Aug.  2. 
Island   Lake   Storage  Dam  has   Immense  Log   Sluice.*      Gardner   S.   Williams.      (13) 

Aug.  2. 
Rational   Study  of  Rainfall  Data  Makes  Possible  Better  Estimates  of  Water  Yield.* 

Robert  E.  Horton.      (13)      Aug.  2. 
Operating   Methods    at  Chain   of   Rocks   Filter   Plant,    St.   Louis,    Mo.      (86)      Aug.   8. 
Overhead  Irrigation  at  the  Seabrook  Farms,  New  Jersey.*      (86)      Aug.  8. 
Large    Capacitv    Deep-Well    Irrigation    Pumping    Installation    in    Texas    Panhandle.* 

(86)      Au.g.  8. 
Cost  of  Chemicals  for  Chain  of  Rocks  Filter  Plant.      (86)      Aug.  8. 
Calculations  for  Design  of  Irrigation  Structures.*      (86)      Aug.  8. 
Concrete    Dam    17    Ft.    High    Has    Automatic    Flood    Gates.*       C.    W.    Older.       (13) 

Aug.  9. 
The  Greater  Winnipeg  Aqueduct.*     Chas.  S.  Landon.      (96)      Aug.  9. 
The    Deterioration    of    Carrying    Capacity    of    Cast-iron    Pipe.      Burt    B.    Hodgman. 

(Abstract  of  paper  read  before  the  Am.  Water  Works  Assoc.)       (96)      Aug.  9. 
Australian    Concrete    Dam    Impounds    Billions    for    Brisbane.*      John    Peart.      (13) 

Aug.  9. 
Faster-Flowing    Water    Does    Not    Mean    More    Water.     H.    M.    Chittenden.      ((13) 

Aug.   9. 
How    Temperature   Varied    in    Two   Dams   While   the   Cement    was    Setting.*      R.    A. 

Monroe.      (13)      Aug.  9. 
Water-Supply   at   Fort   Benjamin   Harrison    Nears   Completion.*      (13)      Aug.    9. 
The  Vamma  Power  Station.  Norway.*      (11)      Aug.  10. 

Construction  Features  of  Rockwood  Intake  Gates  of  Imperial  Valley   Irrigation   Dis- 
trict.*     (86)      Aug.  15. 
Methods  and  Costs  in  Driving  the  Pine  Mountain  Tunnel.      (86)      Aug.  15. 
Water  Works  and  Its  Bearing  on  Rate  Fixing.      C.  E.  Grunsky.      (Ill)      Aug.  15. 
Reservoir  Capacity  for  Small  Pumping  Plants.*      S.  T.  Harding.      (Ill)      Aug.  15. 
Protecting  Underground  Mains  from  Water.*      (Report  of  Committee  before  National 

District  Heating  Assoc.)       (101)      Aug.  17. 
A  Covered  Reservoir  of  Reinforced  Concrete:  Details  of  Construction.      (From  paper 

read  before  the  Minnesota  Surveyors'  and  Engineers'  Soc.)       (104)      Aug.  17. 
Finding    and    Stonping    Pollution    of    Austin    Water-Supply.*      Julian    Montgomery. 

(13)      Aug.  23. 
Highway  Pressure  Plant  Used  as  Standby.*     Wilfrid  Proctor  Brereton.      (96)      Aug.  23. 
Drinking  Fountains.*      H.  A.  Whittaker.      (96)      Aug.  23. 
The  Water  Powers  of  Nova  Scotia.      T.  W.  J.  Lynch.      (96)      Aug.  23. 
Design  and  Constructional  Features  of  Turbine  Pumps.*      A.  E.  L.  Chorlton.      (Paper 

read  before  the  Inst,  of  Mech.  Engrs.)       (96)      Aug.  23. 
Danger  and  Noise  from  Water  Hammer  in  Pipes.     Metz.      (101)      Aug.  24. 
Prices  of  Cast  Iron  Pipe  During  the  Past  Fifty  Years.      (86)      Aug.  29. 

*  Illustrated. 


November,  1917.]    CURRENT   ENGINEERING   LITERATURE  751 

Waterways. 

A  Crib  and  Embankment  Cofferdam  Costing  $SG  290.*      (96)      Aug.  2. 

Duluth  Ore  Doclv  New  Type  of  Strueture.*       (IJ)      Aug.  9. 

Halifax's  New  $.Z0  000  000  Docks.*      .John  F.  Stephens,  .Ir.      (46)      Aug.  11. 

.Method  and  Cost  of  Repointing  Sea  Wall  with   Cement  Gun.       (86)      Aug.   15. 

Progress   in   Toronto  Harbor  Development.*       (96)      Aug.   16. 

.N'ew  Coal   Pier  of  the  Ptnnsylvania  Railroad  at   Baltimore.*       (18)      Aug.   18. 

Methods  of  Constructing  Concrete  Superstructures  for  Timber  Piers.*       (86)       Aug.    22. 

What   are  the   Prospects  of   Navigation   on  the   New  York   Barge   Canal?*      Frank   C. 

Wight.      (13)      Aug.   2?,. 
Tunnel   from   Below  to  Build  Diversion  Dam.*      (13)      Aug.  30. 
Les    Ports    frangais   et   la   Guerre  ;    Cherbourg   et    Brest.*      August   Pawlowski.      (33) 

July   14. 
Les   Ports   francais   et  la   Guerre:    Bordeaux   et   ses   Ports   Annexes   Girondins,    Blaye, 

Pauillac*      Auguste  Pawlowski.      (33)      Aug.  11. 
Der  Bronze-Fixpunkt  auf  Pierre  du  Niton  und  seine  absolute  Meereshohe.*      H.   Zolly. 

(107)      July  7. 

*  Illustrated. 
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CONSTKUCTION  PROBLEMS  OF  THE 

MANHATTAN-BRONX,    AND    LEXINGTON    AVENUE 

SUBWAY  JUNCTION  AND 

QUEENSBOROUGH  TUNNEL  CONNECTIONS 


By  George  Perrine,  M.  Am.  Soc.  C.  E. 
To  BE  Presented  December  19th,  1917. 


Synopsis. 

The  object  of  this  paper  is  to  describe  the  principal  construction 
problems  that  confronted  the  contractor  in  making  the  connection 
between  the  present  subway  in  Park  Avenue  and  the  new  Lexington 
Avenue  line  in  the  vicinity  of  42d  Street,  Borough  of  Manhattan, 
New  York  City,  and  also  in  the  extension  of  the  Queensborough  Tunnel. 

The  greater  part  of  this  contract  is  made  up  of  special  construction. 
As  the  standard  construction  in  the  New  York  subways  has  often 
been  described,  it  will  not  be  dealt  with  in  this  paper. 


General  Description. 
On  September  11th,  1914,  the  Public  Service  Commission  for  the 
First  District  of  New  York  invited  proposals  for  the  construction 
of  Section  No.  1  of  Route  43,  a  part  of  the  Seventh  Avenue  Rapid 
Transit  Railroad,  and  Section  No.  1  of  Route  26,  a  part  of  the  Stein- 
way  Tunnel,  now  called  the  Queensborough  Tunnel.     The  Commis- 

NOTE. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedinps,  and  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 


1896 


SUBWAY   CONSTRUCTION   PROBLEMS 


[Papers. 


sion  included  in  this  proposal  a  spur  to  the  existing  Manhattan-Bronx 
Rapid  Transit  Railroad. 

The  limits  of  the  routes  covered  by  this  paper  are  as  follows: 
Section  No.  1  of  Route  43  (Fig.  1)  extends  from  a  point  about  50  ft. 
south  of  the  south  side  of  38th  Street  to  the  north  side  of  42d  Street. 
It  also  includes  the  spur-track  connecting  with  the  present  subway  at 
Yanderbilt  Avenue,  and  the  ramp  from  the  Queensborough  Elevator 
Shaft  to  the  Grand  Central  Station.  Section  No.  1  of  Route  26  is 
in  Forty-second  Street,  below  the  Diagonal  Station,  and  extends 
from  Yanderbilt  Avenue  to  a  point  about  100  ft.  east  of  the  east 
building  line  of  Lexington  Avenue. 

The  contract  was  executed  on  December  4th,  1914,  and  the  time 
allowed  for  the  completion  of  the  work  was  28  months. 

TABLE  1. — Principal  Quantities. 


Section  1,  Route  48. 

Section  1,  Route  26. 

Earth  excavation,  in  cubic  yards 

Rock  excavation,    "      '■          "    

Tunnel  excavation, "      "          "     

65  000 

45  000 

25  500 
4  725 

26  000 

300 

130 

24  900 

309 

11  850 

The  general  plan  of  construction  called  for  a  sub-surface  railroad 
having  four  tracks  in  the  case  of  Route  43,  and  sub-surface  railroads 
having  two  tracks  in  the  cases  of  Route  26  and  the  spur. 

The  work  under  the  contract  included  the  care  and  support  of 
buildings,  sewers,  pipes,  railroads,  with  their  rolling  stock,  and  other 
surface,  sub-surface,  and  overhead  structures;  the  maintenance  of 
traffic;  the  safety  and  protection  of  passengers  and  other  persons; 
the  restoration  of  pavements  and  other  surfaces;  and  the  removal 
and  reconstruction  of  portions  of  the  Manhattan-Bronx  Rapid  Tran- 
sit Railroad  and  portions  of  the  existing  Queensborough  Tunnel,  in 
order  to  provide  a  connection  with  the  new  work. 

The  contract  also  provided  that  the  adjacent  portions  of  the 
Queensborough  Tunnel  be  put  into  operation  before  the  completion 
of  the  work  under  contract,  and  that  the  work  be  conducted  in  such 
a  manner  as  not  to  interfere  with  or  interrupt  the  safe  and  continuous 
operation  of  the  trains,  and  avoid  injury  to  passengers  or  other  persons. 

Shafts  for  the  Disposal  of  Excavated  Materials. — The  contract 
required  that  the  work  on   Section  1,  Route  43,  be  prosecuted  from 
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within  the  limits  of  the  property  acquired  by  the  City,  bounded  by 
the  east  line  of  Park  Avenue,  the  north  line  of  East  41st  Street,  and 
the  south  line  of  East  42d  Street.  This  was  formerly  the  site  of  the 
Grand  Union  Hotel,  the  buildings  on  which  had  been  torn  down  and 
removed  by  other  contractors. 

All  material  was  taken  into  or  removed  from  the  property  through 
a  driveway  across  the  north  sidewalk  of  East  41st  Street. 

Excavated  material  from  the  Queensborough  Tunnel  level  was 
taken  up  through  the  shaft  east  of  First  Avenue  after  it  had  been 
transmitted  through  the  north  tube — which  the  contract  provided 
could  be  used  for  construction  purposes — and  also  up  through  the 
ventilating  shaft  on  Park  Avenue,  near  the  southeast  corner  of  Park 
Avenue  and  East  42d  Street. 

The  contractor  was  permitted  to  have  an  additional  shaft  in  Park 
Avenue  adjacent  to  the  east  side  of  the  parkway  at  East  40th  Street. 
This  shaft  will  be  back-filled  after  the  completion  of  the  work. 

Excavation. — The  excavation  for  the  Diagonal  Station  crossing 
the  lot  east  of  Park  Avenue,  between  41st  and  42d  Streets,  was  done 
entirely  as  open  cut.  The  material,  both  earth  and  rock,  was  removed 
by  derricks  and  locomotive  crane.  The  portion  of  the  work  in  Park 
Avenue,  between  42d  and  40th  Streets,  and  in  42d  Street,  was  done  by 
the  usual  cut-and-cover  method.  The  south-bound  local  track,  running 
south  from  the  diagonal  station,  was  completed  by  tunneling.  The 
Queensborough  Tunnel,  which  was  originally  a  two-track  road,  each 
track  in  a  separate  tunnel,  was  widened  by  the  slice  method,  and  thus 
the  two  single-track  tunnels  were  changed  into  a  single-span  arch, 
forming  the  new  Grand  Central  Station. 

Sewers. — The  sewers  to  the  west  of  Park  Avenue  were  led  into 
a  large  chamber  built  just  west  of  the  new  south-bound  local  tunnel. 

Many  changes  were  made  necessary  in  the  sewer  system  on  account 
of  the  construction  of  these  sections.  The  most  important  part  of 
the  sewer  reconstruction  was  that  running  from  Park  Avenue  and 
41st  Street.  It  consisted  of  three  42-in.  cast-iron  pipes,  under  all  the 
subways,  and  an  8  by  8-ft.  concrete  sewer  to  the  East  River.  The 
contractor  built  this  section  to  a  point  200  ft.  east  of  Third  Avenue. 
Duct  Lines. — The  duct  banks  of  the  present  subway,  from  33d 
to  42d  Street,  had  been  laid  between  the  tracks  in  the  north-bound 
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and  soutli-boviud  tunnels,  and  had  to  be  removed  on  account  of  the 
turnouts  from  the  old  to  the  new  tunnels  at  38th  and  39th  Streets. 
The  contract  required  that  a  new  duct  line  of  72  conduits  be  built 
in  Park  Avenue  from  33d  to  41st  Street,  and  that  connections  be 
made  with  the  present  lines  in  splicing  chambers  built  at  33d  and 
41st  Streets.  At  these  streets,  duct  lines  were  built,  crossing  the 
roof  of  the  present  subway,  so  that  connections  could  be  made,  at 
either  side  with  the  old  conduits.  At  Fifth  Avenue  and  42d  Street 
another  connection  was  made,  crossing  the  present  subway,  on  account 
of  the  change  in  the  tracks  in  42d  Street  in  front  of  the  Grand 
Central  Terminal. 

The  Steinway  or  Queensborough  Tunnel. 

What  is  now  known  as  the  Queensborough  Tunnel  is  the  final 
development  of  that  which  was  originally  called  the  Steinway  Tunnel. 
It  was  begun  under  a  franchise  granted  to  William  Steinway  in  1890. 
Owing  to  a  serious  accident,  the  work  of  construction  had  been  aban- 
doned. 

In  1905  the  New  York  and  Long  Island  Railroad  Company,  a 
subsidiary  of  the  Interborough  Rapid  Transit  Company,  purchased  the 
Steinway  franchise,  and,  under  a  contract  with  the  Degnon  Con- 
tracting Company,  drove  two  single-track  tunnels  under  the  East  River, 
These  extended  west  to  Park  Avenue,  ending  in  a  loop  (Pig.  4).  On 
September  26th,  1907,  the  tunnels  were  completed,  and  a  trolley  car 
with  an  overhead  feed  made  its  initial  trip  from  Jackson  Avenue 
Station,  in  Long  Island  City,  to  what  is  now  known  as  the  Grand 
Central  Station  of  the  Queensborough  Tunnel,  just  east  of  Lexington 
Avenue. 

During  construction  the  tunnel  was  usually  spoken  of  as  the 
Belmont  Tunnel,  August  Belmont  being  at  the  time  President  of 
the  Interborough  Transit  Company. 

Owing  to  litigation  over  the  alleged  expiration  of  the  franchise, 
the  running  of  the  car  was  discontinued,  and  the  tunnel  remained 
unused  until  October,  1907,  when  the  car  was  removed  from  the  tunnel. 

In  1913  the  tunnels  were  purchased  by  the  City  and  incorporated 
as  a  section  of  the  Dual  Subway  System.  The  work  of  reconstruction 
from  an  overhead  trolley  system  to  one  operated  by  the  third  rail  was 
commenced.     The  tunnels  were  opened  to  public  traffic  on  Jiuie  22d, 
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1915,  between  the  Jackson  Avenue  Station  and  the  so-called  Grand 
Central  Station  in  East  42d  Street,  near  Lexington  Avenue.  The 
tunnel  is  now  in  operation  to  the  Bridge  Plaza,  in  Long  Island  City, 
where  it  connects  with  the  Interborough  Rapid  Transit  Company's 
system  extending  to  Corona.  When  the  present  subway  line,  now 
running  westward  from  the  Grand  Central  Terminal,  is  diverted  to 
the  Lexington  Avenue  route,  it  is  intended  to  extend  the  Queens- 
borough  Tunnel  westward  from  the  Grand  Central  Terminal  to  Times 
Square,  by  an  ascending  grade,  until  it  reaches  the  level  of  and  joins 
the  two  south-bound  tracks  of  the  present  42d  Street  Subway,  between 
Fifth  and  Sixth  Avenues. 

The  original  Steinway  Tunnel,  where  the  change  was  made  to 
conform  to  the  new  design,  was  a  single-track  railway  tunnel  running 
east  and  west  in  East  42d  Street,  with  a  circular  return  loop  in  Park 
Avenue. 


CROSS-SECTION  OF  THEGRAND  CENTRAL  STATION 
AS  BUILT 

F^G.    5. 

The  two  single  tunnels  were  about  65  ft.  to  base  of  rail  below  the 
street  surface,  and  were  28  ft.  from  center  to  center,  with  12  ft.  of  rock 
between  the  tunnel  walls. 

Method  of  Reconstructing  the  Queensborough  Tunnel  to  Extend 
the  Grand  Central  Station  to  the  Elevator  Shaft. — Fig.  5  shows  the 
relative  positions  of  the  old  and  new  tunnel  arches,  and  also  shows 
the  timnel  as  reconstructed. 

The  first  oi^eration  of  reconstruction  was  to  excavate  the  inverts 
of  the  two  single-track  tvmnels  and  the  rock  do\\Ti  to  the  new  sub- 
grade  throughout  the  length  of  the  new  station.  After  that  was  done, 
cross-cuts  were  made  at  intervals,  connecting  the  two  old  tunnels; 
they  were  12  ft.  wide  and  in  height  they  extended  from  a  little  below 
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the  springing  line  of  the  arch  to  the  neat  line  of  the  crown.  The  cross- 
cut having  been  completed  for  the  full  e-xtent  of  the  new  arch,  the 
concrete  side-walls  were  built  up  to  the  springing  line  of  the  arch. 
The  next  operation  was  to  erect  the  timber  centers  and  bulkheads 
above,  ready  to  receive  the  concrete.     After  the  concrete  had  been 


SLICE  METHOD  OF  EXCAVATING 

FOR  THE 

RECONSTRUCTION  OF  THE  STEINWAY  TUNNEL 

l.-Slices  15  ft.  wide  were  excavated  through  the  walls  of 
the  old  tunnels,  and  then  the  arch  form  was  erected. 

2.-Af ter  concreting  the  ring  the  material  adjoining  it  is 
excavated  and  the  arch  is  built. 

Fig.   6. 

placed,  and  while  it  was  setting,  the  drilling  for  the  advance  cut  was 
completed  for  another  setting  of  the  arch  centers. 

The  contract  provided  for  water-proofing  above  the  large  arch,  but, 
after  the  excavation  had  advanced  considerably,  it  was  decided  to  omit 
it.     The  arch  was  all  grouted  and  water-proofed  inside  by  the  hydro- 
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lithic  cement  plaster  process.  The  only  timber  used  during  the  progress 
of  the  excavation  for  the  large  arch  was  that  in  the  concrete  arch  center. 
The  concrete  for  the  great  arch  was  placed  by  hand.  It  was  mixed 
at  Shaft  2,  at  the  East  River,  and  hauled  from  the  mixer  to  the  work 
by  an  electric  trolley  through  the  north  tube.    The  concrete  was  dumped 


METHOD  OF  PLACING  CONCRETE  ARCH 

Span  of  arch,  45  ft.  6  in.  to  55  ft.  V/i  in. 
Concrete  was  delivered  in  iron  side-dump  cars. 
FIG.   7. 

from  the  cars  on  platforms  on  the  tunnel  floor  below  the  arch  centers, 
and  cast  up  into  place  by  shovelers.  Two  men  worked  above  the 
lagging,  placing  and  tamping  the  concrete  of  the  arch.  A  gang  of 
fourteen  men,  working  24  hours,  in  8-hour  shifts,  could  fill  one  arch 
ring,  comprising  100  cu.  yd.  of  concrete. 

Figs.  6  and  7  show  the  method  of  procedure  in  excavation  and  in 
concrete  placing. 
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Queenshorough  Tunnel  Elevator  Shaft. — Another  feature  of  the 
Queensborough  Tunnel  construction  that  was  as  important  as  the  great 
arch  was  the  elevator  shaft.  This  shaft  is  about  63  ft.  square  to  the 
neat  line  of  the  excavation,  and  is  71  ft.  in  depth  to  the  sub-grade 
of  the  track. 

The  first  operation  in  preparing  to  sink  the  shaft  was  to  deck  the 
street  in  the  usual  manner.  When  the  shaft  was  started,  the  cut 
for  the  diagonal  station  was  down  to  the  sub-grade  crossing  the  lot 
to  the  south  of  42d  Street.  A  cut  was  excavated  from  the  lot,  parallel 
to  the  west  side  of  the  shaft  and  near  it,  over  to  the  north  curb  of 
42d  Street. 

Before  excavating  this  cut  it  was  necessary  to  reinforce  the  brick 
sewer  in  42d  Street  where  it  crossed  the  cut.  This  reinforcement  con- 
sisted of  steel  rods  in  concrete  envelopes.  The  excavated  material 
from  the  cross-cut  to  the  shaft  and  from  the  upper  portion  of  the  first 
section  of  the  shaft  was  removed  from  the  lot  by  the  derrick,  pre- 
viously erected  to  handle  the  excavated  material  from  the  42d  Street 
ventilating  shaft.  Until  it  was  possible  to  break  through  the  roof  of 
the  Queensborough  Tunnel,  the  muck  was  hoisted  in  buckets,  suspended 
from  the  girders  of  the  street  decking,  and  loaded  into  cars.  Four 
drifts  were  dug  from  the  42d  Street  lot,  northward,  to  the  curb  in 
front  of  the  Grand  Central  Terminal.  These  drifts  were  proportioned 
to  receive  lattice  girders  to  support  the  timber  decking  of  the  street. 
These  girders  were  from  40  to  44  ft.  long  and  from  42  to  52  in.  deep,  and 
were  procured  from  the  Second  and  Third  Avenue  Elevated  Railway 
during  the  three-track  reconstruction.  The  north  portion  of  the  shaft 
was  excavated  first  and  the  lattice  girders,  after  being  placed,  were 
supported  on  posts  to  rock  at  the  edge  of  the  shaft.  One  end  of 
each  girder  was  near  the  north  curb  of  42d  Street,  the  other  end 
was  on  the  center  line  of  the  elevator  pit. 

After  the  decking  girders  were  in  place,  the  excavation  for  the 
full  north  half  of  the  shaft  was  begun.  Several  pipe  lines,  including 
a  30-in.  water  pipe,  crossed  the  north  half  of  the  shaft  excavation; 
also,  while  the  sinking  of  the  north  portion  of  the  shaft  was  in  progress, 
the  sewer  crossing  the  south  portion  was  by-passed  in  a  40-in.  steel  pipe. 

When  the  mezzanine  floor  was  completed,  the  decking  girders 
for  spanning  the  south  half  of  the  shaft  were  in  place,  ready  to  take 
the  load  of  the  street  and  the  sidewalk  from  the  temporary  posting. 
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Fig.   10. — Excavation  for  South   Side  of  Elevator   Shaft  Completed  to 
Grade  of  Engine- Room  Floor. 


Pig.   11. — Rear  of  Side  Drift,  Showing  Old  Arch   Drilled.      Hlucki.sg   li 
Shown  Under  Arch  Resting  on  Shield. 
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Two  52-in.  girders  were  placed  at  the  same  time  as  the  decking  girders 
for  supporting  those  columns  of  the  Elevated  Railroad  that  came 
within  the  limit  of  the  south  part  of  the  shaft  excavation.  The  north 
ends  of  the  decking  and  underpinning  girders  were  all  supported  on 
the  steel  of  the  mezzanine  floor,  and  this  had  to  be  reinforced  in  order 
to  carry  the  loads  properly  distributed. 

In  connection  with  the  Queensborough  Tunnel  there  is  a  ventilating 
shaft  near  the  southeast  corner  of  42d  Street  and  Park  Avenue.  This 
shaft  was  joined  with  the  south  tube  of  the  double  tunnel  section 
which  runs  west  from  the  elevator  shaft.  These  two  single-track 
tunnels  were  included  in  the  contract  as  far  as  Vanderbilt  Avenue. 
The  south  tunnel  passed  the  corner  pier  of  the  Hotel  Belmont  in 
solid  rock,  with  only  10  ft.  of  rock  between  the  concrete  footing  of 
the  pier  and  the  limit  of  excavation.  The  load  on  the  footing  was 
850  tons.  The  two  north-bound  tracks  of  the  Manhattan-Bronx  Rail- 
way will  be  utilized  for  a  shuttle  train  service  between  Broadway  and 
the  Queensborough  Elevated  Shaft.  The  extension  of  these  tracks 
between  Vanderbilt  Avenue  and  the  Elevator  Shaft,  and  the  ramp 
connecting  the  Elevator  Shaft  and  the  Grand  Central  Terminal  are 
parts  of  the  contract. 

Route  43. 

The  principal  features  of  interest  on  Route  43  are  as  follows: 
(1)  The  design  and  construction  of  the  "half -arch"  section  over 
the  express  tracks  and  the  south-bound  local  near  39th  and  38th 
Streets,  respectively;  (2)  lowering  the  invert  of  the  north-bound 
local  track  and  maintaining  traffic;  (3)  constructing  the  south-bound 
local  and  the  express  tracks  beneath  the  old  tunnels,  and  erecting 
steel  at  the  latter  places. 

The  Ilalf-Arch  Construction. — This  construction  was  suggested 
by  the  contractor's  engineers  after  the  contract  had  been  let.  The 
original  design  is  shown  on  Plate  XL  and  Figs.  12  and  13.  The  speci- 
fication stated  that  the  contractor  would  be  "required  to  allow  and 
arrange  with  the  Interborough  Company  to  put  in  such  cross-overs 
as  may  be  needed  between  the  existing  tracks  for  the  prosecution  of 
the  work.  *  *  *  To  reconstriict  or  install  and  maintain  such 
signals,  lighting,  and  telephone  cables  as  may  be  necessary  for  the 
proper  operation  of  trains,  as  determined  by  the  Engineer  and  the 
Interborough  Company." 
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Cross-overs  could  have  been  made  south  of  the  new  construction 
near  38th  Street,  but,  in  order  to  make  any  south  of  the  station  at 
42d  Street,  an  elaborate  reconstruction  of  the  existing  structure 
would  have  been  required. 

On  account  of  the  cross-overs  and  their  maintenance,  and  the 
great  danger  to  the  traveling  public  in  the  Subway  due  to  temporary 
change  of  signals  and  track  system,  it  was  decided  to  eliminate  all 
track  changes. 


,  Pay  Line  for  Concrete  and  Excavation 


Pay  Line  for  Concrete  and  Excavation 


Beams  of  the  same  depth  and  greater  resistance, 
placed  further  apart  may  be  substituted  for 
beams  and  erirders  shown, provided  the  same 
strength  of  construction  is  maintained. 
Deeper  beams  may  be  used  if  space  permits. 
In  order  to  insure  a  dry  tunnel, water-proofing 
may  be  required  as  determined  by  engineer. 

If  rock  is  not  encountered  the  design  of 
side-walls  and  floor  will  be  modified. 


Compacted 
backfillintr 

Concrete  to 
Sound  Rock 
Note:-Contractor  to  provide  suitable 
cap  with  jacking  or  wedging 
'   appliance  on  all  construction 
columns. 


Fig,  i; 


Drawings  made  in  the  contractor's  field  office,  Figs.  14,  15,  16,  and 
17,  show  the  several  steps  in  the  procedure  for  the  proposed  work. 
These  plans  contemplated  removing  one-half  of  the  existing  arch  in 
short  sections  and  erecting  the  new  structure  completely  before  remov- 
ing another  portion  of  the  arch.  The  function  of  the  new  structure  was 
to  resist  the  crown  thrust  of  the  old  arch  and  to  support  the  rock 
above  the  new  track.  This  plan  omitted  entirely  any  new  work  above 
the  opposite  tracks.  In  order  to  protect  the  trains  and  the  tracks  from 
any  small  pieces  of  falling  material,  a   shield  was  designed  for  the 
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interior   of   tlic   old   tiii\ii(>l    niul    was   erected  before   the  work,   above 
described,  was  commenced. 

It  was  not  claimed  by  the  contractor,  however,  that  the  shield 
was  designed  to  siii)port  large  masses  of  falling  concrete;  it  was  built 
only   to   hold   the  concrete   in   place   by   fitting   the  ribs   and  lagging 
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closely  to  the  sides  of  the  arch,  and  by  blocking  on  the  flat  tops  of 
the  shield. 

The  shield  sections  were  erected  while  the  express  trains  were  not 
running,  between  1.00  and  5.30  a.  m.  A  foreman  and  seven  men 
constituted  the  gang  that  erected  the  shield.     Rubber  mats  were  laid 
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on  the  third-rail  guards  when  the  steel  ribs  were  being  erected.  In 
order  to  insure  the  best  possible  organization,  the  men  were  instructed 
in  their  duties,  such  as  placing  horses  for  scaffolds,  erection  of  the 
ribs,  etc.,  as  everything  had  to  be  removed  and  replaced  for  every 
train  to  pass.  Consequently,  it  became  necessary  to  put  uj)  a  complete 
steel  rib  and  fasten  the  parts  together  between  trains  running  on  the 
local  tracks  under  a  7i-min.  headway.  The  holes  in  the  concrete  arch 
for  receiving  the  expansion  bolts,  which  held  the  ribs,  were  drilled  by 
another  gang  some  time  before  the  shields  were  placed.  The  dif- 
ferent steps  in  the  process  of  excavation  were  carried  out  as  originally 
planned. 


TUNNELING  FOR  NEW  EXPRESS  TRACKS 
AT  PARK  AVENUE  AND  FORTIETH  STREET. 

cross-section,  beginning  of  operations. 

Fig.  14. 
The  heading  shown  as  operation  No.  1  on  Fig.  14  was  driven  south 
from  the  40th  Street  Shaft  to  the  end  of  the  reconstruction  sections, 
but  the  heading  for  the  half-arch  work  south  of  the  south-bound  local 
tunnel  was  driven  about  50  ft.  in  advance  of  the  widened  section  ahead 
of  the  steel  erection.  The  drills  used  were  Ingersoll-Rand  jack- 
hammers  (BCR-430).  In  the  heading  8-ft.  holes  were  drilled  and  6-ft. 
holes  were  driven  for  operations  ISTos.  2  and  3,  perpendicular  to  the  main 
heading.  The  bench  was  taken  out  in  two  lifts,  as  shown  by  Fig. 
14.  Where  the  concrete  arch  was  thick  enough  to  permit  the  use  of 
explosives  in  light  charges,  this  method  was  used.  Otherwise,  and  for 
the  greater  portion  of  this  work,  the  concrete  was  removed  by  plugs 
and  feathers.     The  plugs  were  pieces   of  old  drill  steel   formed  into 
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wedges  and  driven  by  IngersoU-Rand  drills  (BCR-53)  from  which 
tlie  rotating  device  had  been  removed.  The  holes  for  plugging  were 
drilled  about  6  or  8  in.  apart,  and  from  1  to  2  ft.  from  the  face  of 
the  concrete  to  be  removed. 

The  dynamite  used  was  "Red  Cross",  low-freezing,  40%  gelatine, 
li  in.  in  diameter,  one  stick  weighing  about  i  lb. 

The  holes  for  operations  Nos.  2  and  3  were  about  12  in.  from  center 
to  center,  two  being  fired  at  one  time  with  about  one-quarter  of  a  stick 
of  dynamite  in  each  hole. 


TUNNELING  FOR  NEW  EXPRESS  TRACKS. 
AT  PARK  AVENUE  AND  FORTIETH  STREET. 
CROSS-SECTION,  ADVANCING  OPERATIONS. 

Fig.  15. 

In  the  tunnels,  near  where  the  work  was  in  progress  the  Inter- 
borough  Company  had  stationed  watchmen  who  were  able  to  com- 
municate with  the  tunnel  foremen  by  telephone  so  that  no  blasts 
would  be  fired  while  trains  were  passing.  After  each  shot  the  watch- 
man examined  the  shield  and  track  to  see  if  everything  was  safe  for 
the  passage  of  trains.  The  roof-beams  of  the  new  construction  are 
3  ft.  apart.  Two  beams  were  placed  and  concreted  each  week,  and  the 
necessary  rock  was  excavated.  The  beams,  which  averaged  2  tons  each, 
were  lifted  into  place  with  a  hoisting  engine  in  the  finished  tunnel, 
rigged  with  a  snatch  block  on  the  floor  ahead  and  a  fall  fixed  above 
the  roof-beams  in  the  rock  by  using  a  head-frame.  The  concrete 
forms  for  the  roof  were  fastened  to  the  roof-beams  with  hook-bolts. 
A  timber  bulkhead  was  built  on   the  end  beam   and  braced  to  the 
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rock  face  ahead.  The  concrete  was  mixed  in  a  J-cu.  yd.  mixer  in 
the  40th  Street  Shaft  above  the  tunnel  roof,  the  materials  being  fed 
into  the  mixer  from  bins  in  the  shaft  above.     The  mixer  discharged 


TUNNELING  FOR  NEW  EXPRESS  TRACKS. 
AT  PARK  AVENUE  AND  FORTIETH  STREET. 
NEW  STEEL  IN  PLACE. 
FIG.  16. 


TUNNELING  FOR  NEW  EXPRESS  TRACKS 
^  AT  PARK  AVENUE  AND  FORTIETH  STREET. 
'^      LONGITUDINAL  SECTION  OF  HEADING. 


Fig.   17. 

into  cars  running  on  a  track  above  the  tunnel  floor  high  enough  to 
permit  men  and  muck  cars  to  pass  beneath,  to  and  from  the  heading. 
Where  the  concrete  was  to  be  placed  between  and  above  the  roof- 
beams  a  pair  of  timber  guides  was  set  up  and  a  light  special  bucket 
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for  raising-  tlic  concrete  was  run  \ip  the  guides  and  dumped  behind 
the  beams. 

Lowering  the  Invert  of  the  North-Bound  Local  Track. 

This  work  was  between  Stations  208  +  47  and  209  +  58,  in  the 
north-bound  tunnel,  where  the  old  arch  was  not  changed,  and  up  to 
Station  210  +  18>  which  is  near  the  south-east  corner  of  41st  Street 


m  000  ass  r 
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CROSS-SECTIOM  OF  PARK  AVENUE, 

SOUTH  OF  EAST  42d  STREET, 

LOOKING  NORTH. 

The  first  bent  of  the  new  steel  construction  is 
shown  in  place  over  the  old  and  new  express 
tracks,  and  excavation  is  in  progress  over  the 
north-bound  tracks. 

Fig.  20. 

and  Park  Avenue.  This  latter  portion  is  under  new  steel  construction 
and  is  protected  by  shields  like  those  used  for  the  half -arch  con- 
struction. The  first  step  in  this  work  was  to  remove  a  section  of  the 
third  rail,  after  which  the  ballast  was  removed  from  the  ends  of  the 
ties  and  10-in.  Bethlehem  H-beams,  with  cover-plates,  were  fitted  to 
the  ends  of  the  ties,  the  latter  being  supported  on  the  bottom  flanges 
of  the  beams.     The  beams  were  held  in   place  with   tie-rods.     The 
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H-beams  were  20  ft.  long,  and  rested  on  the  floor  of  the  old  tunnel. 
After  the  track  had  been  supported  in  this  manner,  a  pit  was  excavated 
between  the  tracks,  deep  enough  to  permit  of  working  space  for  tunnel- 
ing below  the  track.  The  cross-cut  was  made  10  ft.  wide  for  the 
first  one.  The  succeeding  cuts  were  then  excavated  from  the  previous 
opening.  As  soon  as  one  slice  was  completed  the  walls  and  invert 
were  built  and  the  H-beams  were  advanced  for  another  increment. 
This  work  also  included  the  imderpinning  of  the  side-wall  of  the 
tunnel  arch  south  of  Station  209  -)-  58,  as  shown  on  Plate  XLII.  The 
new  wall  footing  was  tied  to  the  rock  by  steel  rods  set  into  drill  holes 
and  grouted. 

This  track,  being  for  local  service,  was  always  operated  both  day 
and  night.  The  express  trains,  however,  did  not  run  between  1.00  and 
5.30  A.  M.  The  temporary  supports  of  the  track  were  designed  so  that 
the  new  track  could  be  laid  beneath,  for  the  greater  portion  of  the 
section.  Where  the  old  and  new  tracks  would  interfere  with  each 
other,  the  new  one  will  be  omitted  and  the  present  one  will  be  lowered 
into  place  and  connected  to  the  new  one  when  the  time  comes  to 
operate  the  Lexington  Avenue  Line. 

The  pay  line  north  of  Station  209  -|-  58  is  similar  to  that  shown 
on  Plate  XLII,  with  the  exception  that  the  contract  plan  contemplated 
excavating  from  the  surface  between  the  side-walls  of  the  tunnel  and 
the  building  line.  The  excavation,  however,  did  not  extend  more 
than  2  ft.  outside  of  the  arch  wall  where  the  footing  was  renewed. 
Before  the  excavation  for  the  north-bound  local  track  was  started, 
in  the  Grand  Union  Hotel  lot,  two  piers  of  the  building  at  the 
corner  of  41st  Street  were  underpinned  to  the  sub-grade  of  the  cut. 
Fig.  23  shows  the  concrete  pier  at  the  corner  of  the  building. 

The  headings  for  the  north-bound  and  south-bound  express  track 
construction  north  of  40th  Street  required  no  timbering.  The  old 
tunnels  were  heavily  timbered  south  of  40th  Street  in  places,  and  this 
timbering  was  all  removed  where  it  came  within  the  reconstruction 
lines. 

It  was  found  that  the  grout  of  the  old  tunnel  had  completely 
filled  the  spaces  between  the  concrete  and  the  rock.  The  timbers  of 
the  old  construction  were  completely  surrounded  by  the  concrete. 
Extraordinary  precautions  must  have  been  taken  in  timbering  the 
tunnel,  as  in  many  places  where  the  reconstruction  exposed  the  old 
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Fig.   21.-    Finished  Portion  of  Half-Arch  CoNRTRtTCTioN. 


Fig.   22. — Floor  of  Dlagonal  Station,   Large  Girders  for  Express  Tunnel 
Lying  on  the  F^oor. 
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timber  the  rock  was  quite  sound.  Several  places,  however,  were  en- 
countered where  special  care  had  to  be  exercised  on  account  of  di3- 
integrated  rock  above  the  timbers. 

Construction  of  the  South-Bound  Local  and  Express  Tracks  Under 
THE  Present  Subway. 

Plates  XLI  and  XLII  and  Figs.  25  and  26  show  the  steel  construc- 
tion as  planned,  and  on  which  the  bids  were  based. 

It  will  be  noticed  on  Fig.  25  that  the  roof  beams  for  the  reconstruc- 
tion of  the  north-bound  tunnel  are  heavy  plate  girders  spanning  the 
two  tracks.  Some  of  these  girders  rest  on  columns  made  of  I-beams 
built  into  the  side-walls,  and  others  are  framed  into  longitudinal  plate 
girders  which  are  supported  at  the  roof  elevation  by  columns.  (See 
the  cross-section  on  Plate  XLI.)  The  roof  girders  were  only  12  or  15 
in.  above  the  tops  of  the  cars.  On  account  of  the  number  and  the 
great  weight  of  these  plate  girders  and  the  small  space  between  the 
street  deck  supports,  it  was  considered  dangerous  to  attempt  to  erect 
the  steel,  as  shown  on  the  plans,  above  the  Subway  trains  that  pass 
this  point  day  and  night. 

The  engineers  of  the  Commission  were  requested  by  the  contractor 
to  change  the  plate-girder  design  to  the  standard  structure  adopted 
on  the  original  Subway,  a  piece  of  which  is  shown  on  Fig.  25,  and, 
in  section,  on  Plate  XLI. 

Girders  G-12,  G-13,  G-14,  and  G-15  were  to  be  placed  over  the 
roof  of  the  new  express  tracks  in  the  suggested  plan,  and  were  designed 
to  support  the  side-wall  columns.  Two  girders  were  designed  to 
replace  the  four  shown  on  Fig.  26  and  marked  TG-18  and  TG-19. 

An  additional  advantage  was  gained  by  placing  the  large  girders 
at  the  roof  level  of  the  new  express  tunnel,  for  the  reason  that  they 
were  used  to  support  the  steel  for  the  reconstruction  of  the  present 
north-bound  tunnel,  thereby  permitting  the  completion  of  the  upper 
tunnel  while  the  express  tunnel  was  being  built. 

It  was  proposed  to  omit  Girders  TG-13  over  the  new  south-bound 
local  track  and  place  the  roof  girders  radially  with  the  center  line 
of  the  track.  Drifts  were  driven  under  the  present  Subway  for  the 
express  and  south-bound  local.  The  drifts  were  9  ft.  high  and  from 
9  to  12  ft.  wide,  and  were  timbered  where  they  were  directly  below 
the  track  floors  of  the  Subway.     There  were  from  6  to  9  ft.  of  rock 
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left  between  the  roof  of  the  drift  and  the  bottom  of  the  track  floor. 
The  drifts  were  enlarged  by  men  working  from  scaffolds,  using  jack- 
hammer  drills.  A  band  of  rock  was  excavated  to  receive  one  or  two 
bents  of  ^teel,  and  these  were  at  once  erected  and  concreted.  This 
operation  was  carried  on  in  four  places  by  two  gangs,  each  alternating 
between  two  points  in  order  to  allow  the  concrete  to  set  while  drilling 
for  a  new  band.  The  contract  plans  contemplated  the  removal  of 
the  concrete  floor  of  the  old  tunnels,  in  order  to  place  the  new  steel, 
but,  by  the  adopted  plan,  it  was  possible  to  place  the  new  steel  without 
disturbing  the  invert  (excepting  where  deep  girders  occurred)  or  inter- 
fering with  the  Subway  trafiie.  As  an  extra  precaution,  the  tracks 
of  the  Subway  were  supported  by  Bethlehem  H-beams  at  the  ends 
of  the  ties,  and  these  were  placed  so  as  to  span  the  space  where  the 
rock  was  being  removed  below.  The  columns  of  the  Subway  structure 
were  also  supported  temporarily  by  the  underpinning  spanning  the  cut. 
When  the  drift  of  the  south-bound  local  was  past  the  Subway  struc- 
ture, it  was  widened  to  the  full  size  of  the  new  sections,  and  advanced, 
south,  by  driving  a  top  heading  and  removing  the  bench  at  the  same 
time.  The  express  drift,  after  passing  the  Subway  structure,  met  the 
heading  that  was  driven  north  from  the  40th  Street  Shaft.  After 
the  old  structure  had  been  supported  on  the  roof  of  the  new  one, 
grout  was  pumped  into  the  joint  between  them. 

Erecting  Large  Girders  and  Columns  for  the  Express  Tunnels. 

The  first  operation  in  connection  with  the  erection  of. the  steel 
was  to  excavate  the  trenches  for  the  girders,  and  sink  pits  in  the 
rock,  from  the  level  of  the  Subway  to  the  sub-grade  of  the  grillages. 
Seven  of  these  columns  were  just  outside  of  the  walls  of  the  old 
north-bound  tunnel  and  three  were  between  the  Subway  tracks.  The 
large  girders  that  were  at  the  east  of  the  old  Subway  at  the  points 
where  Girders  G-14  and  G-15  are  shown  on  Fig.  25,  were  raised 
into  position  from  the  open  cut  with  a  gin-pole  and  tackle  and  rolled 
into  place.  All  the  other  large  girders  were  run  through  the  express 
track  drift  from  the  station  floor,  and  south  in  the  express  tunnel 
far  enough  to  permit  them  to  be  pulled  endwise  up  into  the  open 
excavation  at  the  west  side  of  the  north-bound  tunnel.  The  two  girders 
between   the   tracks   were  passed,    from   the   express   cut,   through   an 
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Fig.  27. — Express  Drift,  Looking  South. 


Fig.  28. — Express  Deift  with  LiArge  Girder  Passing  Through. 
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Fig.  29.— Akch  of  Nokth-Buunu  Tunnel  Drilled  and  Removed  with 
Plugs  and  Feathers. 


Fig.  30. — Express  Cut.     Drilling  for  Trench  to  Receive  Large  Girders. 
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oponiuf?  in  the  shield,  across  the  express  track,  and  placed  at  night 
when  the  express  service  was  not  in  operation. 

The  trench  between  the  tracks  and  the  pits,  for  the  colunnis  that 
were  to  support  the  large  girders,  was  ready  some  time  before  the 
girders  arrived.  Several  of  the  pits  were  stoped  up  from  the  express 
drifts,  and  others  were  sunk  from  the  bottom  of  the  oi)cn  cut  and 
tlio  tunnel   iloor. 


<^S>u.\ 


ORDER  of  CONSTRUCTION. 
,-Drift  driven  on  center  line  3  ft, wide  and 

full  height. 
.-Grillages  placed  and  concreted. 
.-Columns  set  and  "umbrella  section"  of 

concrete  built  up  to  rock  to  act  as  support 

while  widening  excavation. 
.-Drift  widened  on  one  side  of  columns, 

and  wall  built 
.-Arch  built  between  side-wall  and  "umbrella 

section" 
and  7. -Same  as  5  and  6. but  for  opposite  side. 
..Invert  built, 
•  -Curtain-wall  between  columns  placed. 


DIFFERENT  STEPS  IN  THE  CONSTRUCTION 

OF  THE  EXPRESS  TUNNEL  UNDER  PARK  AVENUE 

FROM  40th  TO  41  ST  STREET 

Width  between  side  walls,  26  ft.  0  in. 
Height  from  floor  to  arch,  15  ft.  5  in. 
Center  columns  5  ft.  0  in.  apart. 


FlO.   .^3. 


The  weights  of  the  girders  west  of  the  tracks  are  70  350  and  28  900 
lb. ;  those  between  the  tracks,  36  500  and  20  500  lb. ;  and  the  two  east 
of  the  tracks,  IG  600  and  15  200  lb. 

Personnel. — The  personnel  was  as  follows:  Representing  the  Public 
Service  Commission  of  the  First  District  of  New  York :  Alfred  Craven, 
M.  jim.  Soc.  C.  E.,-  Chief  Engineer;  Robert  Ridgway,  M.  Am,  See. 
C.  E.,  Engineer  of  Subway  Construction;  John  H.  Myers,  Assoc.  M. 
Am.  Soc.  C.  E.,  Engineer,  Second  Division;  Mr.  Stephen  Schmidt, 
Assistant  Engineer;  and  Mr.  Melvin  Miller,  Assistant  Engineer.     Rep- 
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resenting  the  Rapid  Transit  Subway  Construction  Company,  Con- 
tractor: George  H.  Pegram,  President,  Am.  Soc.  C.  E.,  Chief  Engineer; 
Robert  A.  Shailer,  M.  Am.  Soc.  C.  E.,  Tunnel  Engineer;  George 
Perrine,  M.  Am.  Soc.  C.  E.,  Assistant  Tunnel  Engineer;  and  Mr. 
Thomas  McCormick,  General  Superintendent. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

INSTITUTED     1852 


PAPERS  AND    DISCUSSIONS 

This  Society   is  not  responsibU-   for  any   statement  made  or  opinion   expressed 
in  its  publications. 


SPECIFICATIONS 

AND  METHODS  OF  TESTS  FOR 

PORTLAND  CEMENT 


The  following  specifications  and  methods  of  tests  for  Portland 
cement  are  those  recommended  by  the  Joint  Conference  on  Uniform 
^Methods  of  Tests  and  Standard  Specifications  for  Cement.  The  Con- 
ference was  created  for  the  purpose,  of  securing  uniformity  and  recon- 
ciling differences  in  cement  specifications  and  methods  of  tests.  The 
niembersliip  of  the  Conference  was  constituted  as  follows: 

American  Society  of  Civil  Engineers 

Alfred  Noble* 
George  S.  Webster 
Richard  L.  Humphrey 

American  Society  for  Testing  Materials 
George  F.  Swain 
Olaf  Hoff 
Clifford  Richardson 

United  States  Government 
Arthur  P.  Davis 
Asa  E.  Phillips 
Rudolph  J.  Wig 

The  Conference  was  organized  on  October  24th,  1912.  Many  data 
relating  to  the  subjects  under  consideration  were  gathered  from  manu- 
facturers, users,  laboratories,  and  individuals.  In  addition,  many 
original  data  were  secured  from  experiments  and  tests  conducted  by 
the  Conference  or  under  its  direction.  The  results  were  correlated  and 
studied,  and  these,  together  with  the  conclusions  based  upon  them, 
were  published  by  the  Conference  in  reports  dated  April  28th,  1915, 
and  June  1st,  1916. 

In   final   form,   as   here  presented,   the   specifications   and  methods 

of  tests  were  transmitted  to  the  Society  on  January  16th,  1917. 

•  Deceased. 
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Definition. 


Oheinical 
Limits. 


Speeific 
Gravity. 


Fineness. 


Soundness, 


Time  of 
Setting. 


Tensile 
Strength. 


SPECIFICATIONS. 

1. — Portland  cement  is  the  product  obtained  by  finely  pulverizing 
clinker  produced  by  calcining  to  incipient  fusion,  an  intimate  and 
properly  proportioned  mixture  of  arsrillaceous  and  calcareous  materials, 
with  no  additions  subsequent  to  calcination  excepting  water  and  cal- 
cined or  nncalcined  gypsum. 

1. — Chemical  Properties. 

2 — The  following  limits  shall  not  be  exceeded : 

Loss  on  ignition,  per  cent 4.00 

Insoluble  residue,  per  cent 0.85 

Sulfuric  anhydride  (SO.^),  per  cent 2.00 

Magnesia  (MgO),  per  cent 5.00 

11. — Physical  Properties. 

S. — The  specific  gravity  of  cement  shall  be  not  less  than  3.10  (3.07 
for  white  Portland  cement).  Should  the  test  of  cement  as  received 
fall  lielow  this  requirement  a  second  test  may  be  made  upon  an  ignited 
samiilo.  The  specific  gravity  test  will  not  be  made  unless  specifically 
ordered. 

If. — The  residue  on  a  standard  No.  200  sieve  shall  not  exceed  22 
per  cent,  by  weight. 

5. — A  pat  of  neat  cement  shall  remain  firm  and  hard,  and  show 
no  signs  of  distortion,  cracking,  checking,  or  disintegration  in  the 
steam  test  for  so,undness. 

6'. — The  cement  shall  not  develop  initial  set  in  less  than  45  minutes 
when  the  Vicat  needle  is  used  or  60  minutes  when  the  Gillmore  needle 
is  used.    Final  set  shall  be  attained  within  10  hours. 

7. — The  average  tensile  strength  in  pounds  per  square  inch  of  not 
less  than  three  standard  mortar  briquettes  (see  Section  51)  composed 
of  one  part  cement  and  three  parts  standard  sand,  by  weight,  shall 
be  equal  to  or  higher  than  the  following: 


Age 
at  test, 
in  days. 

Storage  of  briquettes. 

Tensile  stength, 

in  pounds 
per  square  inch. 

300 

28 

300 

8. — The  average  tensile  strength  of  standard  ]nortar  at  28  days  shall 
be  higher  than  the  strength  at  7  days. 


l';iiu'r>.|    si'lU'll-K  .\'l  l()\>    AM>    I  HS'l'S    KOI{    I'OKTl.A  M)   CKMKNl'  li)'.V.) 

111. — Packages,  Markinc,  and  Storage.  ,i. 

0. — Tlio  eenu'iit  shall  be  delivered  in  suitable  bags  or  barrels  with  Packages 
thi'    luaiid    and    iiaiiu>    of    the   manufacturer    plainly   marked   thereon,  Markfng. 
uiile.s.s  .shipiHMl  in  l)ulk.     A  bac:  shall  contain  94  lb.  net.     A  barrel  shall 
contain  3T()  IK.  mt. 

10. — The  cement  shall  be  stored  in  such  a  manner  as  to  permit  easy  Storage. 
access  for  i)ro)ier  insjicction   and  identification  of  each  shipment,  and 
in  a  suitable  weatlu'r-ti^ht  buildinii-  wliicli  will  protect  the  cement  from 
dampiK^ss. 

TV. — Inspection. 

11. —  l-'.vcry  facility  shall  be  provided  the  purchaser  for  careful  inspection. 
saniplinj;'  and  inspection  at  either  the  mill  or  at  the  site  of  the  work, 
as  may  be  specified  by  the  purchaser.  At  least  10  days  from  the  time 
of  sampling  shall  be  allowed  for  the  completion  of  the  7-day  test,  and 
at  least  31  days  shall  be  allowed  for  the  completion  of  the  28-day  test. 
The  cement  shall  be  tested  in  accordance  with  the  methods  hereinafter 
prescribed.  The  28-day  test  shall  be  w^aived  only  when  specifically  so 
ordered. 

Y. — Rejection. 

12. — The  cement   may  be  rejected  if  it  fails  to   meet  any   of  the  Rejection, 
requirements  of  these  si>ecifications. 

13. — Cement  shall  not  be  rejected  on  account  of  failure  to  meet  the 
fineness  requirement  if  upon  retest  after  drying  at  100°  C.  for  one 
hour  it  meets  this  requirement. 

I'-f. — Cement  failing  to  meet  the  test  for  soundness  in  steam  may 
be  accepted  if  it  passes  a  retest  using  a  new  sample  at  any  time  within 
28  days  thereafter. 

15. — Packages  varying  more  than  5  per  cent,  from  the  specified 
weight  may  be  rejected;  and  if  the  average  w^eight  of  packages  in  any 
shipment,  as  shown  by  weighing  50  packages  taken  at  random,  is  less 
than  that  specified,  the  entire  sliipment  may  be  rejected. 

TESTS. 
VI. — Sampling. 

IG. — Tests   may   be   made   on   individual    or   composite   samples   as  Number  of 
may  be  ordered.     Each  test  sample  should  weigh  at  least  8  lb.  Samples. 

17. — (a)  Individual  Sample. — If  sampled  in  cars  one  test  sample 
sliall  be  taken  from  each  50  bbl.  or  fraction  thereof.  If  sampled  in 
bins  one  sample  shall  be  taken  from  each  100  bbl. 

(h)  Composite  Sample. — If  sampled  in  cars  one  sample  shall  be 
taken  from  one  sack  in  each  40  sacks  (or  1  bbl.  in  each  10  bbl.)  and 
combined  to  form  one  test  sample.  If  sampled  in  bins  or  warehouses 
one  test  sample  shall  represent  not  more  than  200  bbl. 
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18. — Cement  may  be  sampled  at  the  mill  by  any  of  the  following 
methods  that  may  be  practicable,  as  ordered: 

(a)  From  the  Conveyor  Delivering  to  the  Bin. — At  least  8  lb.  of 
cement  shall  be  taken  from  approximately  each  100  bbl.  passing  over 
the  conveyor. 

(b)  From  Filled  Bins  by  Means  of  Proper  Sampling  Tubes. — Tubes 
inserted  vertically  may  be  used  for  sampling  cement  to  a  maximum 
depth  of  10  ft.  Tubes  inserted  horizontally  may  be  used  where  the 
construction  of  the  bin  permits.  Samples  shall  be  taken  from  points 
well  distributed  over  the  face  of  the  bin. 

(c)  From  Filled  Bins  at  Points  of  Discharge. — Sufficient  cement 
shall  be  drawn  from  the  discharge  openings  to  obtain  samples  repre- 
sentative of  the  cement  contained  in  the  bin,  as  determined  by  the 
appearance  at  the  discharge  openings  of  indicators  placed  on  the 
surface  of  the  cement  directly  above  these  openings  before  drawing 
of  the  cement  is  started. 

19. — Samples  preferably  shall  be  shipped  and  stored  in  air-tight 
containers.  Samples  shall  be  passed  through  a  sieve  having  20  meshes 
per  linear  inch  in  order  to  thoroughly  mix  the  sample,  break  up 
lumps  and  remove  foreign  materials. 

VII. — Chemical  Analysis. 

Loss  on  Ignition. 

30. — One  gram  of  cement  shall  be  heated  in  a  weighed  covered 
platinum  crucible,  of  20  to  25-cc.  capacity,  as  follows,  using  either 
method  (a)  or  (b)  as  ordered: 

(a)  The  crucible  shall  be  placed  in  a  hole  in  an  asbestos  board, 
clamped  horizontally  so  that  about  three-fifths  of  the  crucible  projects 
below,  and  blasted  at  a  full  red  heat  for  15  minutes  with  an  inclined 
flame;  the  loss  in  weight  shall  be  checked  by  a  second  blasting  for  5 
minutes.  Care  shall  be  taken  to  wipe  off  particles  of  asbestos  that  may 
adhere  to  the  crucible  when  withdrawn  from  the  hole  in  the  board. 
Greater  neatness  and  shortening  of  the  time  of  heating  are  secured 
by  making  a  hole  to  fit  the  crucible  in  a  circular  disk  of  sheet  platinum 
and  placing  this  disk  over  a  somewhat  larger  hole  in  an  asbestos  board 

(b)  The  crucible  shall  be  placed  in  a  muffle  at  any  temperature 
between  900  and  1  000°  C.  for  15  minutes  and  the  loss  in  weight  shall 
be  checked  by  a  second  heating  for  5  minutes. 

21. — A  permissible  variation  of  0.25  will  be  allowed,  and  all  results 
in  excess  of  the  specified  limit  but  within  this  permissible  variation 
shall  be  rejwrted  as  4  per  cent. 

Insoluble  Residue. 

22. — To  a  1-g.  sample  of  cement  shall  be  added  10  ec.  of  water  and 
5  cc.  of  concentrated  hydrochloric  acid;   the  liquid  shall  be  warmed 


Papers.]    SPECIFICATIONS   AND   TKSTS   FOR    I'DIITLAXD   CKMENT  19-11 

until  offervosconce  ceases.  The  solution  shall  be  diluted  to  50  cc. 
and  difiested  on  a  steam  bath  or  hot  plate  until  it  is  evident  that  decom- 
position of  the  cement  is  complete.  The  residue  shall  be  filtered, 
washed  with  cold  water,  and  the  filter  paper  and  contents  digested  in 
about  30  cc.  of  a  5-per-cent.  solution  of  sodium  carbonate,  the  liquid 
being  held  at  a  temperature  just  short  of  boiling  for  15  minutes.  The 
remaining  residue  shall  be  filtered,  washed  with  cold  water,  then  with 
a  few  drops  of  hot  hydrochloric  acid,  1 :  9,  and  finally  with  hot  water, 
and  then  ignited  at  a  red  heat  and  weighed  as  the  insoluble  residue. 

S3. — A  permissible  variation  of  0.15  will  be  allowed,  and  all  results  Pennissibie 
in  excess  of  the  specified  limit  but  within  this  permissible  variation 
shall  be  reported  as  0.85  per  cent. 

Sulfuric  Anhydride. 

24. — One  gram  of  the  cement  shall  be  dissolved  in  5  cc.  of  concen-  Method. 
trated  hydrochloric  acid  diluted  with  5  cc.  of  water,  with  gentle  warming ; 
when  solution  is  complete  40  cc.  of  water  shall  be  added,  the  solution 
filtered,  and  the  residue  washed  thoroughly  with  water.  The  solution 
shall  be  diluted  to  250  cc,  heated  to  boiling  and  10  cc.  of  a  hot  10-per- 
cent, solution  of  barium  chloride  shall  be  added  slowly,  drop  by  drop, 
from  a  pipette  and  the  boiling  continued  until  the  precipitate  is  well 
formed.  The  solution  shall  be  digested  on  the  steam  bath  until  the 
precipitate  has  settled.  The  precipitate  shall  be  filtered,  washed,  and 
the  paper  and  contents  placed  in  a  weighed  platinum  crucible  and  the 
paper  slowly  charred  and  consumed  without  flaming.  The  barium 
sulfate  shall  then  be  ignited  and  weighed.  The  weight  obtained  mul- 
tiplied by  34.3  gives  the  percentage  of  sulfuric  anhydride.  The  acid 
filtrate  obtained  in  the  determination  of  the  insoluble  residue  may  be 
used  for  the  estimation  of  sulfuric  anhydride  instead  of  using  a 
separate  sample. 

25. — A  permissible  variation  of  0.10  will  be  allowed,  and  all  results  Permissible 
in  excess  of  the  specified  limit  but  within  this  permissible  variation 
shall  be  reported  as  2.00  per  cent. 

Magnesia. 

26. — To  0.5  g.  of  the  cement  in  an  evaporating  dish  shall  be  added  Method. 
10  cc.  of  water  to  prevent  lumping  and  then  10  cc.  of  concentrated 
hydrochloric  acid.  The  liquid  shall  be  gently  heated  and  agitated  until 
attack  is  complete.  The  solution  shall  then  be  evaporated  to  complete 
dryness  on  a  steam  or  water  bath.  To  hasten  dehydration  the  residue 
may  be  heated  to  150  or  even  200°  C.  for  one-half  to  one  hour.  The 
residue  shall  be  treated  with  10  ec.  of  concentrated  hydrochloric  acid 
diluted  with  an  equal  amount  of  water.  The  dish  shall  be  covered 
and  the  solution  digested  for  ten  minutes  on  a  steam  bath  or  water 
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bath.  The  diluted  solution  shall  be  filtered  and  the  separated  silica 
washed  thoroughly  with  water.^  Five  cubic  centimeters  of  concentrated 
hydrochloric  acid  and  sufficient  bromine  water  to  precipitate  any  man- 
ganese which  may  be  present,  shall  be  added  to  the  filtrate  (about 
250  cc).  This  shall  be  made  alkaline  with  ammonium  hydroxide,  boiled 
until  there  is  but  a  faint  odor  of  ammonia,  and  the  precipitated  iron 
and  aluminum  hydroxides,  after  settling,  shall  be  washed  with  hot 
water,  once  by  decantation  and  slightly  on  the  filter.  Setting  aside 
the  filtrate,  the  precipitate  shall  be  transferred  by  a  jet  of  hot  water 
to  the  precipitating  vessel  and  dissolved  in  10  cc.  of  hot  hydrochloric 
acid.  The  paper  shall  be  extracted  with  acid,  the  solution  and  washings 
being  added  to  the  main  solution.  The  aluminum  and  iron  shall  then 
be  reprecipitated  at  boiling  heat  by  ammonium  hydroxide  and  bromine 
water  in  a  volume  of  abovit  100  cc,  and  the  second  precipitate  shall  be 
collected  and  washed  on  the  filter  used  in  the  first  instance  if  this  is 
still  intact.  To  the  combined  filtrates  from  the  hydroxides  of  iron 
and  aluminum,  reduced  in  volume  if  need  be,  1  cc.  of  ammonium 
hydroxide  shall  be  added,  the  solution  brought  to  boiling,  25  cc.  of 
a  saturated  solution  of  boiling  ammonium  oxalate  added,  and  the 
boiling  continued  until  the  precipitated  calcium  oxalate  has  assumed 
a  well-defined  granular  form.  The  precipitate  after  one  hour  shall  be 
filtered  and  washed,  then  with  the  filter  shall  be  placed  wet  in  a 
platinum  crucible,  and  the  paper  burned  off  over  a  small  flame  of  a 
Bunsen  burner;  after  ignition  it  shall  be  redissolved  in  hydrochloric 
acid  and  the  solution  diluted  to  100  cc.  Ammonia  shall  be  added  in 
slight  excess,  and  the  liquid  boiled.  The  lime  shall  then  be  reprecipi- 
tated by  ammonium  oxalate,  allowed  to  stand  until  settled,  filtered  and 
washed.  The  combined  filtrates  from  the  calcium  precipitates  shall 
be  acidified  with  hydrochloric  acid,  concentrated  on  the  steam  bath 
to  about  150  cc,  and  made  slightly  alkaline  with  ammonium  hydroxide, 
boiled  and  filtered  (to  remove  a  little  aluminum  and  iron  and  perhaps 
calcium).  When  cool,  10  cc.  of  saturated  solution  of  sodium- 
ammonium-hydrogen  phosphate  shall  be  added  with  constant  stirring. 
When  the  crystallin  ammonium-magnesium  orthophosphate  has  formed, 
ammonia  shall  be  added  in  moderate  excess.  The  solution  shall  be  set 
aside  for  several  hours  in  a  cool  place,  filtered  and  washed  with  water 
containing  2.5  per  cent,  of  NH,.  The  precipitate  shall  be  dissolved 
in  a  small  quantity  of  hot  hydrochloric  acid,  the  solution  diluted  to 
about  100  cc,  1  cc.  of  a  saturated  solution  of  sodium-ammonium- 
hydrogen  phosphate  added,  and  ammonia  drop  by  drop,  with  constant 
stirring,  until  the  precipitate  is  again  formed  as  described  and  the 
ammonia  is  in  moderate  excess.  The  precipitate  shall  then  be  allowed 
to  stand  about  two  hours,  filtered  and  washed  as  before.     The  paper 

1  Since   this    procedure   does    not    involve    the   determination    of    silica,    a    second 
evaporation  is  unnecessary. 
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and  contents  shall  bi'  i)lat'od  in  a  weijihed  i)latinuni  crucible,  the 
paper  slowly  charred,  and  the  resulting  carbon  carefully  burned  off. 
The  precipitate  shall  then  be  ignited  to  constant  weight  over  a  Meker 
liunier,  or  a  blast  not  strong  enough  to  soften  or  melt  the  pyrophosphate. 
'J'lie  weight  of  magnesium  pyrophosphate  obtained  multiplied  by  72.5 
gives  the  percentage  of  magnesia.  The  precipitate  so  obtained  always 
contains  some  calcium  and  usually  small  quantities  of  iron,  aluminum, 
and  manganese  as  phosphates. 

27, — A  permissible  variation  of  0.4  will  be  allowed,  and  all  results  Pfriiiissit)ie 
in  excess  of  the  specified  limit  but  within   this  ])orniissible  variation     ^'"'*  '°"' 
shall  be  reported  at  5.00  per  cent. 

VIII. — Deteriniiis'ation  of  Specific  Gravity. 

28. — The  determination  of  specific  gravity  shall  be  made  with  a  Apparatus, 
standardized  Le  Chatelier  apparatus  which  conforms  to  the  require- 
ments illustrated  in  Fig.  1.  This  apparatus  is  standardized  by  the 
Ignited  States  Bureau  of  Standards.  Kerosene  free  from  water,  or 
benzine  not  lighter  than  62°  Baume,  shall  be  used  in  making  this 
determination. 

29. — The  flask  shall  be  filled  with  either  of  these  liquids  to  a  point  Method, 
on  the  stem  between  zero  and  one  cubic  centimeter,  and  64  g.  of  cement, 
of  the  same  temperature  as  the  liquid,  shall  be  slowly  introduced, 
taking  care  that  the  cement  does  not  adhere  to  the  inside  of  the  flask 
above  the  liquid  and  to  free  the  cement  from  air  by  rolling  the  flask 
in  an  inclined  position.  After  all  the  cement  is  introduced,  the  level 
of  the  liquid  will  rise  to  some  division  of  the  graduated  neck;  the 
difference  between  readings  is  the  volume  displaced  by  64  g.  of  the 
cement. 

The  specific  gravity  shall  then  be  obtained  from  the  formula 

Weight  of  cement  (g.) 


Specific  gravity  = 


Displaced  volume  (cc.) 


30. — The  flask,  during  the  operation,  shall  be  kept  immersed  in  water, 
in  order  to  avoid  variations  in  the  temperature  of  the  liquid  in  the 
flask,  which  shall  not  exceed  0°.5  C.  The  results  of  repeated  tests 
should  agree  within  0.01. 

81. — The  determination  of  specific  gravity  shall  be  made  on  the 
cement  as  received;  if  it  falls  below  3.10,  a  second  determination  shall 
be  made  after  igniting  the  sam])le  as  described  in  Section  20. 

IX. — Determination  of  Fineness. 

•32. — Wire  cloth  for  standard  sieves  for  cement  shall  be  woven  (not  Apparatus, 
twilled)  from  brass,  bronze,  or  other  suitable  wire,  and  mounted  without 
distortion  on  frames  not  less  than  li  in.  below  the  top  of  the  frame. 
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Fig.   1. — Lb  Chatelier  Apparatus. 
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The  sieve  frames  shall  be  circular.  ai)i)n)ximatel.y  8  in.   in   diameter, 
and  may  be  provided  with  a  pan  and  cover. 

SS. — A  standard  No.  200  sieve  is  one  having  nominally  an  0.0029-in. 
opening  and  200  wires  per  inch  standardized  by  the  U.  S.  Bureau  of 
Standards,  and  conforming  to  the  following  requirements: 

The  No.  200  sieve  should  have  200  wires  per  inch,  and  the  number 
of  wires  in  any  whole  inch  shall  not  be  outside  the  limits  of  192  to 
208.  No  opening  between  adjacent  parallel  wires  shall  be  more  than 
0.0050  in.  in  width.  The  diameter  of  the  wire  should  be  0.0021  in. 
and  the  average  diameter  shall  not  be  outside  the  limits  0.0019  to  0.0023 
in.  The  value  of  the  sieve  as  determined  by  sieving  tests  made  in 
conformity  with  the  standard  specification  for  these  tests  on  a 
standardized  cement  which  gives  a  residue  of  25  to  20  per  cent,  on  the 
No.  200  sieve,  or  on  other  similarly  graded  material,  shall  not  show 
a  variation  of  more  than  1.5  per  cent,  above  or  below  the  standards 
iuaintained  at  the  Bureau  of  Standards. 

3 J). — The  test  shall  be  made  with  50  g.  of  cement.  The  sieve  shall  Method, 
be  thoroughly  clean  and  dry.  The  cement  shall  be  placed  on  the 
No.  200  sieve,  with  pan  and  cover  attached,  if  desired,  and  shall  be 
hold  in  one  hand  in  a  slightly  inclined  position  so  that  the  sample 
will  be  well  distributed  over  the  sieve,  at  the  same  time  gently  striking 
the  side  about  150  times  per  minute  against  the  palm  of  the  other  hand 
on  the  up  stroke.  The  sieve  shall  be  turned  every  25  strokes  about 
one-sixth  of  a  revolution  in  the  same  direction.  The  operation  shall 
continue  until  not  more  than  0.05  g.  passes  through  in  one  minute 
of  continuous  sieving.  The  fineness  shall  be  determined  from  the 
weight  of  the  residue  on  the  sieve  expressed  as  a  percentage  of  the 
weight  of  the  original  sample. 

35. — Mechanical  sieving  devices  may  be  used,  but  the  cement  shall 
not  be  rejected  if  it  meets  the  fineness  requirement  when  tested  by 
the  hand  method  described  in  Section  34. 

36. — A  permissible  variation  of  1  will  be  allowed,  and  all  results  in  permissible 
excess  of  the  specified  limit  but  within  this  permissible  variation  shall  '^'a''"**'"" 
be  reported  as  22  per  cent. 

X. — Mixing  Cement  Pastes  and  Mortars. 
37. — The  quantity  of  dry  material  to  be  mixed  at  one  time  shall  Method, 
not  exceed  1  000  g.  nor  be  less  than  500  g.  The  proportions  of  cement 
or  cement  and  sand  shall  be  stated  by  weight  in  grams  of  the  dry 
materials;  the  quantity  of  water  shall  be  expressed  in  cubic  centimeters 
(1  cc.  of  water  =  1  g.).  The  dry  materials  shall  be  weighed,  placed 
upon  a  non-absorbent  surface,  thoroughly  mixed  dry  if  sand  is  used, 
and  a  crater  formed  in  the  center,  into  which  the  proper  percentage 
of  clean  water  shall  be  poured;  the  material  on  the  outer  edge  shall 
be  turned  into  the  crater  by  the  aid  of  a  trowel.     After  an  interval  of 
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^  minute  for  the  absorption  of  the  water  the  operation  shall  be  com- 
pleted by  continuous,  vigorous  mixing:,  squeezing  and  kneading  with 
the  hands  for  at  least  one  minute.^  During  the  operation  of  mixing, 
the  hands  should  be  protected  by  rubber  gloves. 

S8. — The  temperature  of  the  room  and  the  mixing  water  shall  be 
maintained  as  nearly  as  practicable  at  21°  C.  (70°  F.). 

XI. — Normal  Consistency. 

39. — The  Vicat  apparatus  consists  of  a  frame  A    (Fig.  2)  bearing 

a  movable  rod  B,  weighing  300  g.,  one  end  C  being  1  cm.  in  diameter 

for  a  distance  of  6  cm.,  the  other  having  a  removable  needle  D,  1  mm. 

in  diameter,  6  cm.  long.     The  rod  is  reversible,  and  can  be  held  in 


Fig.   2. — Vicat  Apparatus. 


vz/Jz/MmziMSZA 


^  In  order  to  secure  uniformity  in  the  re.'iult.s  of  tests  tor  tlie  time  of  setting  and 
tensile  strength  the  manner  of  mixing  above  described  should  be  carefully  followed. 
At  least  one  minute  is  necessary  to  obtain  the  desired  plasticity  which  is  not  appreciably 
affected  by  continuing  the  mixing  for  several  minutes.  The  exact  time  necessary  is 
dependent  upon  the  personal  equation  of  the  operator.  The  error  in  mixing  should  be 
on  the  side  of  over  mixing. 
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any  desired  position  l>y  n  screw  K.  aiul  has  midway  betwceu  tlic  cuds 
a  mark  F  wliicli  moves  under  a  scale  (!J:raduated  to  millimeters)  attached 
to  the  frame  .1.  The  i>aste  is  held  in  a  conical,  hard-rubber  ring  G, 
7  em.  in  diameter  at  the  base,  4  cm.  high,  resting  on  a  glass  plate  // 
about  10  cm.  scjuare. 

W- — I"  making  the  determination,  500  g.  of  cement,  with  a  meas-  Mctiiod. 
ured  quantity  of  water,  shall  be  kneaded  into  a  paste,  as  described  in 
Section  37,  and  quickly  formed  into  a  ball  with  the  hands,  completing 
the  ojieration  by  tossing  it  six  times  from  one  hand  to  the  other,  main- 
tained about  G  in.  apart;  the  ball  resting  in  the  palm  of  one  hand 
shall  be  pressed  into  the  larger  end  of  the  rubber  ring  held  in  the 
other  hand,  completely  filling  the  ring  with  paste;  the  excess  at  the 
larger  end  shall  then  be  removed  by  a  single  movement  of  the  palm 
of  the  hand ;  the  ring  shall  then  be  placed  on  its  larger  end  on  a  glass 
plate  and  the  excess  paste  at  the  smaller  end  sliced  off  at  the  top  of  the 
ring  by  a  single  oblique  stroke  of  a  trowel  held  at  a  slight  angle 
with  the  top  of  the  ring.  During  these  operations  care  shall  be  taken 
not  to  compress  the  paste.  The  paste  confined  in  the  ring,  resting  on 
the  plate,  shall  be  placed  under  the  rod,  the  larger  end  of  which  shall 
be  brought  in  contact  with  the  surface  of  "the  paste;  the  scale  shall 
be  then  read,  and  the  rod  quickly  released.  The  paste  shall  be  of 
normal  consistency  when  the  rod  settles  to  a  point  10  mm.  below  the 
original  surface  in  \  minute  after  being  released.  The  apparatus  shall 
be  free  from  all  vibrations  during  the  test.  Trial  pastes  shall  be 
made  with  varying  percentages  of  water  until  the  normal  consistency 
is  obtained.  The  amount  of  water  required  shall  be  expressed  in  per- 
centage by  weight  of  the  dry  cement. 

Jfl. — The  consistency  of  standard  mortar  shall  depend  on  the 
amount  of  water  required  to  produce  a  paste  of  normal  consistency 
from  the  same  sample  of  cement.  Having  determined  the  normal 
consistency  of  the  sample,  the  consistency  of  standard  mortar  made 
from  the  same  sample  shall  be  as  indicated  in  Table  1,  the  values 
being  in  percentage  of  the  combined  dry  weights  of  the  cement  and 
standard  sand. 

TABLE  1. — Percentage  of  Water  for  Standard  Mortaks. 


Percentage  of  water 

Percentage  of  water 

Percentage  of  water 

Percentage  of  water 

for   neat  cement 

for  one  cement. 

for   neat  cement 

for  one  cempnt, 

pa.ste  of  normal 

three  standard 

paste  of  normal 

three  siandard 

consistency. 

Ottawa  sand. 

consistency. 

Oltawa  sand. 

1.5 

9  0 

23 

10.3 

16 

9.2 

24 

10.5 

17 

9.3 

25 

10.7 

18 

9.5 

26 

10.8 

19 

9.7 

27 

11.0 

21 

9.8 

28 

11.2 

21 

10.0 

29 

11.3 

22 

10.2 

30 

11.5 
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XII. — Determination  of  Soundness.^ 

Jf^. — A  steam  apparatus,  which  can  be  maintained  at  a  temperature 
between  98  and  100°  C,  or  one  similar  to  that  shown  in  Fig.  3,  is 
recommended.  The  capacity  of  this  apparatus  may  be  increased  by 
using  a  rack  for  holding  the  pats  in  a  vertical  or  inclined  position. 

I^. — A  pat  from  cement  paste  of  normal  consistency  about  3  in. 
in  diameter,  ^  in.  thick  at  the  center,  and  tapering  to  a  thin  edge, 
shall  be  made  on  clean  glass  plates  about  4  in.  square,  and  stored  in 
moist  air  for  24  hours.  In  molding  the  pat,  the  cement  paste  shall 
first  be  flattened  on  the  glass  and  the  pat  then  formed  by  drawing 
the  trowel  from  the  outer  edge  toward  the  center. 

Jf.If.. — The  pat  shall  then  be  placed  in  an  atmosphere  of  steam  at  a 
temperature  between  98  and  100°  C.  upon  a  suitable  support  1  in. 
above  boiling  water  for  5  hours. 

Jt5. — Should  the  pat  leave  the  plate,  distortion  may  be  detected  best 
with  a  straight  edge  applied  to  the  surface  which  was  in  contact  with 
the  plate. 

XIII. — Determination  of  Time  of  Setting. 

Jf6. — The  following  are  alternate  methods,  either  of  which  may  be 
used  as  ordered: 

^7. — The  time  of  setting  shall  be  determined  with  the  Vicat  appa- 
ratus described  in  Section  39.     (See  Fig.  2.) 

^5. — A  paste  of  normal  consistency  shall  be  molded  in  the  hard- 
rubber  ring  G  as  described  in  Section  40,  and  placed  under  the  rod  B, 
the  smaller  end  of  which  shall  then  be  carefully  brought  in  contact 
with  the  surface  of  the  paste,  and  the  rod  quickly  released.  The 
initial  set  shall  be  said  to  have  occurred  when  the  needle  ceases  to  pass 
a  point  5  mm.  above  the  glass  plate  in  J  minute  after  being  released; 
and  the  final  set,  when  the  needle  does  not  sink  visibly  into  the  paste. 
The  test  pieces  shall  be  kept  in  moist  air  during  the  test.  This  may 
be  accomplished  by  placing  them  on  a  rack  over  water  contained  in 
a  pan  and  covered  by  a  damp  cloth,  kept  from  contact  with  them  by 
means  of  a  wire  screen ;  or  they  may  be  stored  in  a  moist  closet.  Care 
shall  be  taken  to  keep  the  needle  clean,  as  the  collection  of  cement 
on  the  sides  of  the  needle  retards  the  penetration,  while  cement  on  the 
point  may  increase  the  penetration.  The  time  of  setting  is  affected 
not  only  by  the  percentage  and  temperature  of  the  water  used  and  the 
amount  of  kneading  the  paste  receives,  but  by  the  temperature  and 
humidity  of  the  air,  and  its  determination  is  therefore  only  approxi- 
mate. 

^  Unsoundness  is  usually  manifested  by  change  in  volume  which  causes  distortion, 
cracking,  checking  or  disintegration. 

Pats  improperly  made  or  exposed  to  drying  may  develop  what  are  known  as 
shrinkage  cracks  within  the  first  24  hours  and  are  not  an  indication  of  unsoundness. 
These  conditions  are  illustrated  in  Fig.  4. 

The  failure  of  the  pats  to  remain  on  the  glass  or  the  cracking  of  the  glass  to  which 
the  Pitts  are  attached  does  not  necessarily  indicate  unsoundness. 
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Method. 


JfO. — The  time  of  setting--  sluill  be  determined  by  the  Gillmore  needles.  Giiimore 
The  Gillmore  needles  should  preferably  be  mounted  as  shown  in  '^'^'^'''"• 
Fig.  5  (fe). 

50. — The  time  of  setting  shall  be  determined  as  follows:  A  pat  of  Giiimore 
neat  cement  paste  about  8  in.  in  diameter  and  ^  in.  in  thickness  with 
a  Hat  top  (Fig.  5  (a)),  mixed  to  a  normal  consistency,  shall  be  kept 
in  moist  air  at  a  temperature  maintained  as  nearly  as  practicable  at 
21°  C.  (70°  F.).  The  cement  shall  be  considered  to  have  acquired  its 
initial  set  when  the  pat  will  bear,  without  appreciable  indentation,  the 
Gillmore  needle  jV  in.  in  diameter,  loaded  to  weigh  k  lb.  The  final 
set  has  been  acquired  when  the  pat  will  bear  without  appreciable  inden- 
tation, the  Gillmore  needle  2V  iii-  i^i  diameter,  loaded  to  weigh  1  lb. 
Til  making  the  test,  the  needles  shall  be  held  in  a  vertical  position, 
and  ajiplied  lightly  to  the  surface  of  the  pat. 


(a)  Pat  with  Top  Surface  Flattened  for  Determining 
Time  of  Setting  by  Gillmore  Method. 


j^^^^^^^^^^?^^^^^^^^^^^^^ 


(6)  Gillmore  Needles. 
Fig.  5. 
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Form  of  Test 
Piece. 


XIV.— Tension  Tests. 

51.— The  form  of  test  piece  shown  in  Fig.  6  shall  be  used.  The 
molds  shall  be  made  of  non-corroding  metal  and  have  sufficient  material 
in  the  sides  to  prevent  spreading  during  molding.  Gang  molds  when 
used  shall  be  of  the  type  shown  in  Fig.  7.  Molds  shall  be  wiped  with 
an  oily  cloth  before  using. 


standard 
Sand. 


Fig.  6. — Details  for  Briquette. 

52. — The  sand  to  be  used  shall  be  natural  sand  from  Ottawa,  111., 
screened  to  pass  a  No.  20  sieve  and  retained  on  a  No.  30  sieve.  This 
sand  may  be  obtained  from  the  Ottawa  Silica  Co.,  at  a  cost  of  two 
cents  per  pound,  f.  o.  b.  cars,  Ottawa,  111. 

53. — This  sand,  having  passed  the  No.  20  sieve,  shall  be  considered 
standard  when  not  more  than  5  g.  pass  the  No.  30  sieve  after  one 
minute  continuous  sieving  of  a  500-g.  sample. 
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5-'^. — The  sieves  shall  conform  to  the  following  specifications: 

The  No.  20  sieve  shall  have  between  19.5  and  20.5  wires  per  whole 
inch  of  the  warp  wires  and  between  19  and  21  wires  per  whole  inch  of 
the  shoot  wires.  The  diameter  of  the  wire  should  be  0.0165  in.  and  the 
averafio  diameter  shall  not  be  outside  the  limits  of  O.OlfiO  and  0.0170  in. 

The  No.  30  sieve  shall  have  between  29.5  and  30.5  wires  per  whole 
inch  of  the  warp  wires  and  between  28.5  and  31.5  wires  per  whole  inch 
of  the  shoot  wires.  The  diameter  of  the  wire  should  be  0.0110  in.  and 
the  average  diameter  shall  not  be  outside  the  limits  0.0105  to  0.0115  in. 

55. — Immediately  after  mixing,  the  standard  mortar  shall  be  placed  Mo 
in  the  molds,  pressed  in  firmly  with  the  thumbs  and  smoothed  off  with 
a  trowel  without  rannning.  Additional  mortar  shall  be  heaped  above 
the  mold  and  smoothed  off  with  a  trowel ;  the  trowel  shall  be  drawn 
over  the  mold  in  such  a  manner  as  to  exert  a  moderate  pressure  on  the 
material.  The  mold  shall  then  be  turned  over  and  the  operation  of 
heaping,  thumbing  and  smoothing  off  repeated. 


4 


:52 


iliiiK. 


Fig.   7. — Gang  Mold. 

56. — Tests  shall  be  made  with  any  standard  machine.    The  briquettes  TestinR 
shall  be  tested  as  soon  as  they  are  removed  from  the  water.     The  bear- 
ing surfaces  of  the  clips  and  briquettes  shall  be  free  from  grains  of 
sand  or  dirt.     The  briquettes  shall  be  carefully  centered  and  the  load 
applied  continuously  at  the  rate  of  600  lb.  per  minute. 

57. — Testing  machines  should  be  frequently  calibrated  in  order  to 
determine  their  accuracy. 

58. — Briquettes  that  are  manifestly  faulty,  or  which  give  strengths  Faulty 
differing  more  than  15  per  cent,  from  the  average  value  of  all  test 
pieces  made  from  the  same  sample  and  broken  at  the  same  period,  shall 
not  be  considered  in  determining  the  tensile  strength. 


Briquettes. 


XV. — Storage  of  Test  Pieces. 

59. — The  moist  closet  may  consist  of  a  soapstone,  slate  or  concrete  Apparatus, 
box,  or  a  wooden  box  lined  with  metal.  If  a  wooden  box  is  used,  the 
interior  should  be  covered  with  felt  or  broad  wicking  kept  wet.  The 
bottom  of  the  moist  closet  should  be  covered  with  water.  The  interior 
of  the  closet  should  be  provided  with  non-absorbent  shelves  on-  which 
to  place  the  test  pieces,  the  shelves  being  so  arranged  that  they  may 
be  withdrawn  readily. 
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Methods.  60. — Unless   otherwise   specified  all   test   pieces,    immediately   after 

molding,  shall  be  placed  in  the  moist  closet  for  from  20  to  24  hours. 

61. — The  briquettes  shall  be  kept  in  molds  on  glass  plates  in  the 
moist  closet  for  at  least  20  hours.  After  24  hours  in  moist  air  the 
briquettes  shall  be  immersed  in  clean  water  in  storage  tanks  of  non- 
corroding  material. 

62. — The  air  and  water  shall  be  maintained  as  nearly  as  practicable 
at  a  temperature  of  21°  C.  (70°  F.). 
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OL5STKUCTION  OF  BRIDGE  PIERS 
TO  THE  FLOW  OF  WATER 

Discussion.* 


Bv  Charles  Evan  Fowler,  M.  Am.  Soc.  C.  E. 


Charles  Evan  FowLER,t  M.  Am.  Soc.  C.  E. — The  subject  of  the  Mr. 
proper  form  of  bridge  piers  has  been  discussed  ever  since  modern 
bridge  engineering  has  been  practiced.  The  speaker  has  covered  the 
practical  part  of  this  subject  quite  fully  in  his  book,  "Sub-Aqueous 
Foundations",  in  which  the  essential  features  are  shown  by  Figs.  324 
and  325. 

The  construction  of  piers  in  a  stream  modifies  the  usual  currents 
and  flow  of  the  water  to  such  an  extent  as  to  endanger  very  often 
the  foundations  themselves.  Early  French  writers  thought  to  have 
solved  completely  the  problem  as  to  the  form  of  a  pier  to  cause  the 
least  disturbance,  and  M.  Bossut,  from  a  mathematical  investigation, 
concluded  that  the  starling  should  be  a  triangle,  the  nose  being  a 
right  angle.  M.  Dubaut  gave  another  and  more  nearly  correct  solution 
in  his  "Principles  of  Hydraulics",  the  faces  of  the  starling  to  be 
convex  curves  tangent  to  the  faces  of  the  pier. 

Experiments  recorded  in  Cresy's  "History  of  Civil  Engineering" 
are  partly  illustrated  in  Fig.  21.  The  models  were  15  cm.  in 
thickness  and  the  velocity  of  the  current  was  3.09  m.  per  sec.  The 
illustrations  show  the  direction  and  height  of  the  induced  currents 
and  eddies,  and  the  relative  value  of  the  various  forms  of  the  pier 
cross-sections,  the  best  practical  form  being  the  section  Fig.  21  (e), 
where  the  starling  is  formed  of  two  convex  curves  tangent  to  the  sides 

•  Discussion  on  the  paper  by  Floyd  A.  Nagler,  Jun.  Am.  Soc.  C.  E.,  continued  from 
September,  1917,  Proceedings. 
t  New   York   City. 
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Mr. 
Fowler. 


Fig.  21. — Cresy"s  Experiments  on  the  Form  of  Piers. 
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and  described  on  an  equilateral  triaiifjle.     The  very  best  form,  how-     Mr. 
ever,  is  the  elliptical,  Fig.  21  (/).  '■'°"'^'"- 

The  piers  of  the  Knoxville  steel  arched  cantilever  were  of  the 
cross-section  shown  in  Fig-.  21  (e),  and  were  equally  spaced  by  the 
speaker,  thus  making  the  structure  symmetrical,  and  contributing  to 
its  architectural  appearance. 

The  late  George  S.  Morison,  Past-President,  Am.  Soc.  C.  E.,  also 
adopted  this  form  for  most  of  the  piers  built  by  him  in  the  Missouri 
iiud  Mississippi  Kivers,  but,  from  a  point  just  above  high  water, 
lie  used  semicircular  ends.  This  was  a  very  good  design,  both  for 
practical  and  esthetic  purposes. 

Gustav  Lindenthal,  M.  Am.  Soc.  C.  E.,  stated  to  the  speaker 
recently,  that,  in  his  opinion,  long  spans  would  only  be  possible  during 
the  next  20  to  30  years,  owing  to  a  future  normal  advance  in  the 
price  of  steel,  due  to  the  very  rapid  depletion  of  the  raw  materials 
for  steel  manufacture. 

Although  the  form  of  piers  is  vital  with  long  spans,  as  regards 
mainly  the  integrity  of  the  piers  themselves,  the  subject  will  become 
of  increasing  importance  as  engineers  are  forced  more  and  more  to 
build  short-span  structures  of  reinforced  concrete.  This  type  is 
already  being  constructed  in  numerous  locations  where  a  thorough 
investigation  of  the  best  form  of  pier  is  necessary. 

The  speaker,  however,  does  not  believe  that  the  results  obtained 
from  the  experiments  under  discussion  are  of  more  than  tentative 
value,  owing  to  the  conditions  of  the  tests  being  wholly  unlike  those 
encountered  in  actual  practice,  where  the  materials  and  methods  of 
pier  construction  become  vital  factors  of  the  problem.  Then,  there 
are  the  portions  of  the  cribs  below  water,  rip-rap  protection  around 
piers,  the  character  of  the  river  bottom,  the  scouring  actions  induced, 
and  many  other  items,  to  which  consideration  must  be  given.  There- 
fore, it  would  seem  that,  until  we  have  the  results  from  a  series  of 
experiments,  conducted  on  lines  more  nearly  in  accordance  with  actual 
conditions,  with  several  piers  and  on  a  larger  scale,  we  can  only 
accept  those  general  conclusions  which  are  in  reality  confirjnatory  of 
the  findings  of  the  data  from  Cresy. 

The  form  then,  as  shown  in  Fig.  21  (e),  as  adopted  by  Mr.  Morison, 
and  as  used  by  the  speaker  at  Knoxville  and  elsewhere,  would  seem 
to  be  the  logical  one  to  adopt  ordinarily,  using  care  at  the  same  time 
to  avoid  unnecessary  obstruction  from  cribs,  rip-rap.  or  other  jjrotec- 
tion  work. 

Although  it  has  been  largely  out  of  the  question  to  adopt  the  better 
form,  or  elliptical  cross-section,  as  shown  in  Fig.  21  (/),  where  piers 
have  been  constructed  of  stone,  there  is  no  reason  at  all  for  not  adopt- 
ing such  a  form  for  concrete  piers,  where  the  obstruction  factor  becomes 
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Mr.  very  vital.  The  Fowler  patent  reinforced  concrete  pier  has  come  to 
"^^  ^^'  be  widely  used  on  account  of  its  great  saving  in  material  and  con- 
sequent great  saving  in  weight  on  the  foundation  bed.  This  pier, 
consisting  of  two  reinforced  concrete  pillars  connected  by  a  web  of 
similar  construction,  undoubtedly  offers  a  much  greater  obstruction 
than  the  usual  forms  of  solid  masonry,  and  experiments  in  the 
future  should  include  this  and  any  similar  or  new  types. 
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Arthur  W.  Manton,!  M.  Am.  Soc.  C.  E.  (by  letter).:}: — There  are     Mr. 
a  few  points  relative  to  these  dredges  about  which  the  writer  would 
like  to  have  more  information,  although,  perhaps,  it  may  not  be  con- 
sidered within  the  scope  of  the  paper. 

The  writer  spent  some  time  on  the  dredges  at  the  Pacific  end  of  the 
Panama  Canal,  with  James  Macfarlane,  Superintendent  of  Dredging, 
and  was  much  interested  in  the  performance  of  the  Lobnitz  bucket-and- 
ladder  dredges  built  in  Scotland  for  the  French  Company.  The  work 
done  by  these  old  dredges,  although  in  softer  material,  was  considered 
to  be  excellent,  and,  as  regards  cost,  very  satisfactory.  Since  then, 
the  writer  has  also  had  the  opportunity  of  studying  the  work  per- 
formed by  the  bucket-and-ladder  dredges  on  the  Suez  Canal. 

After  noting  the  very  considerable  and  expensive  repairs  and  re- 
newals (materials  and  labor)  on  the  three  dredges,  as  stated  in  the  paper, 
the  writer  cannot  help  thinking  that  perhaps  the  advantages — from 
some  "angles" — of  the  bucket-and-ladder  type  of  dredge  may  have 
been  overlooked  in  adopting  the  dipper-dredge  design;  and  it  is  hoped 
that  the  author  will  give  the  reasons  for  the  adoption  of  the 
latter.  Apparently,  the  stresses  on  the  boom,  dipper  handle,  spuds, 
and  hull  of  the  three  dredges  were  enormous ;  and,  in  order  to  deal  with 
large  masses  of  rock,  it  appears  that  something  had  to  be  sacrificed. 

•  Discussion  of  the  paper  by  Ray  W.   Berdeau,   Jun.   Am.  Soc.   C.  E.,  continued 
from  October,  1917,  Proceedings. 
t  New  York  City. 
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Mr.  The    bucket-and-ladder    dredges    which    the    writer    has    operated 

abroad  had  large  outputs,  with  small  repairs  and  maintenance  charges, 
both  as  to  labor  and  material,  throughout  extended  periods  of  work, 
although  they  were  subject  to  severe  stresses  in  a  seaway,  due  to  bad 
weather;  in  one  case,  especially,  at  Portsmouth  Dock  Yard,  one  of  the 
dredges  was  moored  and  working  in  the  seaway,  and  had  to  be  hauled 
out  of  its  "cut"  very  rapidly  in  order  to  permit  battleships  to  pass  in 
and  out  of  the  yard.  No  spuds  were  provided,  and,  in  this  respect, 
American  practice  seems  to  be  excellent.  If  the  dredge  had  been  pro- 
vided with  a  rear  swinging  spud,  the  work  would  have  been  improved. 
The  channel  bottom  had  to  be  dredged  to  a  depth  which  required  an 
accuracy  limit  of  about  6  in.  The  material  was  compact  gravel, 
although  not  specially  hard  to  dig,  and  the  face  varied  from  3  to  about 
12  ft.  The  buckets  had  a  capacity  of  about  27  cu.  ft.,  and  were  operated 
at  about  11  per  min.,  the  dredge  capacity — a  barge-loading  dredge — 
being  between  500  and  GOO  cu.  yd.,  in  situ,  per  hour. 

Under  the  circumstances  the  cost  figures  were  distinctly  reasonable, 
although  they  would  have  been  considerably  less  had  the  dredge  been 
able  to  operate  for  the  ftdl  24  hours,  instead  of  at  low  tide — daylight 
hours  only — as  the  Admiralty  would  not  permit  night  dredging  in 
the  fairway. 

Referring  again  to  the  cost  of  the  three  "dippers",  the  writer  would 
be  glad  if  the  repairs-and-maintenance  cost  (divided  into  materials  and 
labor)  could  be  separated  from  the  actual  operation  cost,  and  if 
the  costs  of  fuel  and  wire  rope  could  be  given  separately;  it  is 
inferred  that  the  latter  was  very  high.  He  would  also  like  to  know 
what  was  provided  for  depreciation.  It  is  assumed  that  the  staff  super- 
intendence cost,  insurance  cost,  and  general  charges  are  not  included 
in  the  figures  given;  the  operation  time-losses  per  24  hours  for  each 
cause  would  also  be  interesting. 

The  maintenance  cost  (nearly  150%  of  the  operation  cost),  appears 
to  be  high,  and  this  would  lead  one  to  suppose  (although  this  point  was 
not  brought  out  so  fully  by  discussion  perhaps  as  it  might  have  been) 
that  the  dredge  was  operated  in  a  way  not  at  all  anticipated;  or  that 
the  rapid  completion  of  the  Gaillard  Cut  was  considered  to  be  so  im- 
portant that  it  was  a  small  matter  to  run  the  dredge  in  such  a  way  as 
to  distress  it  in  a  manner  not  provided  for  by  the  manufacturers,  or, 
indeed,  the  engineers.  This  point  was  only  brought  out  by  Mr.  Rose- 
water,  but  from  the  paper  the  dredges  may  be  said  to  have  worked 
exceedingly  well  under  the  onerous  conditions  imposed. 

The  use  of  a  bucket-and-ladder  dredge,  with  buckets  of,  say,  40 
cu.  ft.  capacity,  with  possibly  one  "horn",  in  hard  ground,  to  every 
two  ladder-buckets,  doubtless  would  have  involved  the  breaking  up  of 
the  larger  boulders,  say,  from  10  to  20  tons,  subsequent  to  the  passing 
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of  the  dredge;  but  this  might  be  considered  as  an  advantage,  for  it  Mr. 
would  keep  the  dredge  at  work  for  a  greater  proportion  of  the  24  hours. 
Mr.  Kosewater  has  stated  that  boulders  were  brought  up — sometimes 
twenty  times  daily — so  large  as  to  stick  in  the  bucket,  or  to  neces- 
sitate blasting  them  in  the  scow  to  enable  them  to  pass  through  the 
doors.  Dealing  with  large  boulders  with  such  a  machine  as  a  dipper- 
dredge  would  seem  to  delay  unduly  the  dredge,  scows,  and  tugs,  and, 
in  addition,  to  increase  seriously  the  repairs  and  maintenance  costs. 

"With  the  buckct-and-ladder  dredge,  the  smaller  buckets  would  work 
around  such  boulders,  ultimately  tumbling  them  into  the  bottom  of 
the  cut,  to  be  lifted  subsequently  with  a  crane,  or  blown  up  to  be 
re-dredged. 

There  may  be  some  novel  points  in  this  discussion,  which  may  elicit 
a  reply  as  to  the  reasons  for  making  these  dredges  of  this  particular 
design.  They  were  provided  with  buckets  of  two  sizes;  if  15  cu.  yd. 
was  the  best  size  for  soft  excavation,  would  it  not  appear  that  the 
10-cu.  yd.  bucket  for  hard  and  soft  rock  would  be  a  somewhat  large, 
and  therefore  expensive,  size,  involving  these  excessive  stresses  and 
undue  operating  delays? 

A.  W.  EoBiNSON,*  M.  Am.  Soc.  C.  E.  (by  letter). f — The  dipper-  Mr. 
dredges  described  by  Mr.  Berdeau  are  probably  the  most  important  ^o'^'^^^i 
examples  of  this  type  yet  used  on  large  work.  The  dipper-dredge  is 
especially  suited  to  canals  and  narrow  channels,  because  it  takes  up 
little  room,  and  does  not  require  anchorage  lines  which  would  obstruct 
navigation,  as  in  the  case  of  the  ladder  dredge,  nor  does  it  move  its 
hull  at  all  when  working.  These  dredges  were  the  main  reliance  in 
reducing  the  slides  which  involved  enormous  volumes  of  excavation 
during  the  first  years  of  traffic  on  the  Panama  Canal.  The  work  done 
shows  the  great  capability  of  this  type,  each  of  the  three  dredges  having 
a  demonstrated  capacity  of  more  than  3  000  000  cu.  yd.  per  year. 

The  work  of  the  third  machine — ordered  after  some  experience 
gained  with  the  first  two — naturally  shows  improvement  of  detail, 
which  is  reflected  in  the  better  monthly  average  output.  It  is  to  be 
regretted  that  further  and  more  radical  improvements  were  not  made 
in  order  to  reduce  the  abnormally  high  cost  of  maintenance  which  shows 
in  all  three  examples,  which,  if  eliminated,  would  have  permitted  still 
larger  outputs,  and  at  much  less  cost. 

The  cost  of  maintenance,  normally,  should  be  only  a  small  fraction 
of  the  cost  of  operation,  but  the  figures  given  show  that  the  "main- 
tenance" of  the  Gamboa  was  1.5  times  the  cost  of  operation,  that  of  the 
Paraiso  being  1.7  times,  and  that  of  the  Cascadas  1.4  times.  "Main- 
tenance" is  stated  in  the  paper  to  be  the  "cost  of  keeping  the  equipment 

*  Montreal,  Que.,  Canada. 
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in  first-class  condition,  and  depreciation  only."  In  other  words,  repairs 
and  depreciation. 

The  cost  of  "maintenance"  of  the  Gamhoa  was  $131  350  for  1915, 
and  that  of  the  Paraiso  was  $125  000.  The  Cascadas  was  no  better,  but 
rather  worse,  despite  the  improvement  in  design,  being  $108  111  for 
9  months  of  1916,  or  at  the  rate  of  $144  000  for  the  year.  These  are 
heavy  figures,  and,  after  making  all  due  allowance  for  hard  driving 
and  conditions  of  work,  they  indicate  the  existence  of  serious  defects 
of  design.  As  intimated  in  the  paper,  the  principal  defects  are  to  be 
found  in  the  main  hoisting  ropes,  the  dipper  arms,  and  spuds. 

The  life  of  the  main  hoisting  rope  is  stated  to  be  from  3  to  35  days. 
The  replacement  of  a  steel  rope,  3i  in.  in  diameter  and  275  ft.  long, 
at  such  frequent  intervals  is  a  heavy  tax,  to  say  nothing  of  the  loss  by 
delay.  The  first  dipper-dredge  to  be  fitted  with  direct  wire  rope  hoist 
was  built  by  the  Bucyrus  Company  in  1890,  and  of  this  the  dredges  under 
discussion  are  the  lineal  descendants. 

As  compared  with  the  old  3-part  chain  hoist  then  in  use  the  direct 
hoist  with  single  rope  was  an  instant  success,  and  has  been  used  widely. 
For  modern  heavy  loads,  however,  the  single  rope  is  quite  unsuitable, 
and  the  writer  has  developed  a  system  of  multiple  ropes,  consisting  of 
two  or  more  ropes  in  parallel,  by  which  all  the  advantages  of  speed  and 
simplicity  of  the  direct  single  rope  are  retained,  with  great  durability. 

The  importance  of  the  subject  of  wire  rope  hoisting  for  heavy  loads 
at  speed  merits  further  remark. 

It  is  commonly  supposed  that,  for  good  results,  the  sheave  diameter 
should  bear  a  certain  ratio  to  the  rope  diameter,  say  30  diameters  or 
more.  A  leading  maker  of  wire  ropes  lists  the  minimum  size  of  drum 
and  sheaves  in  a  table  which  for  a  6-strand,  19-wire,  cast-steel  rope, 
1  in.  in  diameter,  is  4  ft.,  and  for  a  rope  2  in.  in  diameter  is  8  ft.  It 
is  quite  erroneous  to  proportion  sheave  diameters  to  rope  diameters  in 
direct  ratio.  According  to  this,  assuming  that  a  rope  1  in.  in  diameter 
would  work  well  over  a  sheave  30  in.  in  diameter  (which  is  true  in  prac- 
tice if  the  rope  is  flexible  and  the  load  and  speed  are  moderate),  a  rope 
3J  in.  in  diameter  would  require  a  sheave  30  by  3^  in.,  or,  say,  8  ft., 
which  is  what  we  find  in  the  dredges  under  discussion,  and  is  mani- 
festly too  small.  It  is  clear  that  the  resistance  to  bending  of  a  member 
is  not  a  linear  function  of  the  depth.  In  solid  round  members  the 
moment  of  inertia  varies  as  the  fourth  power  of  the  depth  or  thickness. 
In  a  wire  rope  in  which  the  individual  wires  compose  the  section,  the 
problem  is  more  complex,  owing  to  friction  between  the  wires  under 
varying  tension.  In  practice,  the  writer  finds  that  the  resistance  to 
bending  is  proportional  to  the  square  of  the  diameter  of  the  rope,  and 
that  sheave  diameters  proportioned  accordingly  give  good  results.  Thus, 
if  a  rope  1  in.  in  diameter  requires  a  30-in.  sheave,  a  2-in.  rope  should 
have  a  sheave  22  by  30,  or  120  in.  in  diameter,  and  a  3i-in.  rope  would 
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require  a  sheave  about  26  ft.  in  diameter,  instead  of  8  ft.  as  used.  Not  Mr. 
only  is  the  sheave  diameter  entirely  too  small,  but  the  rope  in  ques- 
tion is  subject  to  eight  bendings  per  lift  in  passing  over  the  two 
sheaves,  or  twelve  bendings  over  three  sheaves,  not  counting  the  wind 
in  the  drum.  This  is  equal  to  from  700  to  1  000  bendings  per  hour.  It 
is  also  subjected  to  severe  twisting  on  the  vertical  axis  as  the  boom 
revolves,  and,  as  this  twisting  and  untwisting  takes  place  in  the  short 
distance  of  13  ft.,  it  is  most  injurious  to  a  rope  of  this  size.  It  is 
hardly  necessary  to  say  that  such  a  rope,  used  in  this  way,  violates 
mechanical  principles,  and  must  necessarily  be  short  lived,  no  matter 
what  kind  of  "extra  flexible"  or  what  grade  of  steel  is  used. 

Another  common  error  is  to  assume  the  same  diameter  for  drum, 
and  sheaves,  as  in  the  maker's  catalogue  referred  to.  Drums  may  be 
considerably  smaller  than  sheaves,  for  equal  wear.  This  is  evident 
when  we  consider  that  the  rope  makes  two  bendings  in  passing  over 
a  sheave,  once  on  and  once  off,  and  only  one  bending  in  winding  on 
a  drum.  The  wear  from  bending,  therefore,  is  only  half  as  much  on 
a  drum  as  on  a  sheave  of  equal  size. 

The  dipper  arm  used  on  these  dredges  is  of  the  split  type,  and 
about  40  tons  in  weight.  The  use  of  the  split  type  of  arm  with  rack 
and  pinion  is  a  survival  from  early  and  small  dipper-dredges  for  light 
and  shallow  work,  and,  in  the  virriter's  opinion,  is  quite  unsuitable  when 
applied  to  modern  heavy  dredges  for  deep  water.  The  concentration 
of  load  due  to  the  weight  alone  on  the  narrow  shroudings  of  the  rack 
is  excessive,  and  the  load  and  wear  on  the  teeth,  when  pinched,  due 
to  side  motion  and  general  stress  and  twisting,  is  quite  beyond  the 
safe  limit  of  endurance.  Furthermore,  the  lateral  strength  and 
resistance  to  twisting  of  the  split  type  of  arm  are  small,  and  the  con- 
struction is  such  that,  when  over-stressed,  permanent  deformation 
takes  place.  Consequently,  the  wear  and  tear  is  severe,  and  the 
cost  and  delay  due  to  the  renewal  of  these  parts  is  a  large  item.  'No 
amount  of  increase  of  section  of  this  design  will  remedy  the  trouble; 
on  the  contrary,  it  will  aggravate  it.  The  great  weight  of  the  dipper 
arm  is  a  predisposing  cause  of  wear,  and  likewise  is  very  severe 
on  the  dipper  when  dropped  on  the  bottom. 

The  question  of  spuds  for  heavy  stresses  in  deep  water  is  an  im- 
portant one,  and  here,  again,  the  methods  of  early  days  fail,  and  an 
entirely  new  treatment  of  the  subject  is  demanded.  For  many  years, 
and  for  depths,  on  the  Great  Lakes,  a  plain  wooden  spud  sliding  in 
plain  wooden  vertical  guides  answered  every  purpose.  As  depths  and 
stresses  increased,  steel  spuds  were  tried,  but  failed  in  many  cases 
owing  to  lack  of  resilience  and  also  to  the  concentration  of  the 
load  at  one  point.  The  ordinary  methods  of  construction  become 
inadequate  and  unsuitable  when  we  have  to  deal  with  the  enormous 
stresses  generated  by  machines  of  great  power  working  in  hard  material 
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Mr.  nnd  in  deep  water.  The  pressure  of  a  square  spud  against  the  sides 
Robinson.  ^£  ^  parallel  slide  in  which  it  fits  more  or  less  loosely  is  nil  along  the 
middle  portion  of  the  slide  and  is  concentrated  at  the  top  and  bottom; 
this  results  in  shearing  the  rivets  at  points  of  concentration,  and 
often  causes  deformation  and  rupture.  Furthermore,  a  steel  spud 
being  a  rigid  member  in  a  more  or  less  rigid  casing,  there  is  no  elas- 
ticity, as  in  a  wooden  spud.  Strengthening  the  parts  and  making  the 
spud  of  heavier  section  does  not  remedy  the  trouble,  on  the  contrary, 
with  an  enormously  heavy  spud,  the  difficulty  of  handling  it  is  increased, 
and  the  rivets  loosen  up  as  before,  unless  suitable  methods  are  adopted 
to  distribute  the  stress  over  a  sufficient  number  of  rivets  and  provide 
the  necessary  elasticity. 

The  author  states  that  these  spuds  have  to  be  removed  every  90 
days,  three  having  been  broken  in  as  many  days  in  one  case. 

The  stresses  to  which  they  are  subject  cannot  be  closely  calculated, 
as  in  a  bridge,  but  no  bridge  designer  would  think  of  subjecting  a 
riveted  box-beam,  of  the  dimensions  stated,  to  a  bending  stress  of  150 
tons  or  more  concentrated  on  a  few  rivets,  such  a  beam  also  bearing, 
as  a  column,  a  heavy  vertical  load. 

In  addition  to  the  foregoing  points  of  criticism,  to  which  the  author 
has  drawn  attention,  the  following  additional  points  may  be  mentioned. 

Method  of  Stijfening  Hull. — The  steel  hull  is  stiffened  by  two  fore- 
and-aft  steel  trusses.  This  method  is  a  survival  from  the  days  of 
wooden  hulls,  which  required  stiffening.  The  writer  thinks  that  better 
stiffness,  with  less  weight  and  obstruction  of  space,  can  be  provided 
by  a  suitably  designed  steel  hull,  without  trusses,  but  which  possesses 
the  necessary  strength  in  itself.  The  bottom  of  the  hull,  the  steel 
main  deck,  and  the  top  member  of  the  truss,  together  constitute  a 
beam  with  three  flanges,  which  is  an  absurdity.  Some  excuse  for  the 
truss  is  found  in  the  support  it  gives  to  the  overhead  turn-table,  but 
this  would  be  much  better  on  deck,  where  it  would  be  on  a  solid 
foundation,  and  would  permit  the  operator  to  have  an  unobstructed 
view  of  his  work,  a  defect  to  which  the  paper  calls  attention. 

Main  Engines. — The  main  engines  are  compound,  with  outside 
cranks.  The  writer  thinks  that  simple  engines,  with  center  cranks, 
would  be  preferable.  Compounding  an  engine  which  stops  every 
40  sec,  runs  at  full  load  about  10%  of  the  time,  and  at  all  sorts  of 
speeds,  does  not  result  in  any  economy.  In  locomotives,  which  run 
more  imiformly,  compounding  has  gone  out  of  use  principally  on 
account  of  the  value  of  simplicity  and  good  starting  power — both 
essentials  on  a  dipper-dredge — and  becaiase  the  economy  was  not  suffi- 
ciently marked  to  make  it  worth  while.  Some  economy  might  be  had 
by  adopting  higher  pressures  and  by  superheating.  The  side  cranks, 
again,   are   a    relic   from   small   hoisting   engines   used   in   early   days. 
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and  arc  out  of  place  in  marine  practice,  or  in  large  engines  subject       Mr. 
to  sudden  changes  of  speed  and  load.  KobinBon. 

Boom. — The  boom  is  of  the  curved  bowstring  design,  which  the 
writer  used  for  many  years,  but  found  deficient  in  lateral  stiffness 
against  the  side  thrust  of  the  dipper  arm,  and  weak  at  the  lower  end, 
due  to  its  shallow  depth  at  that  place  and  its  inability  to  resist  twisting  . 
stresses.  Therefore,  he  designed  a  boom  \vith  straight  tapering  mem- 
bers, having  wide  bottom  flanges  and  great  depth  at  the  lower  end; 
this  provided  freedom  of  movement  to  roll,  instead  of  attempting  to 
resist  rigidly  the  stresses  due  to  swinging.  This  boom  is  sometimes 
known  as  the  "Atlantic  type";  it  possesses  great  strength,  with  less 
weight  and  fewer  parts. 

Inaccessibility  of  Parts. — The  author  has  already  commented  on 
tl>e  difficulty  of  dismounting  the  brake  wheels  and  stripper  shaft,  due 
to  desig-n.  The  writer  would  also  criticize  the  arrangement  of  having 
so  much  steam  machinery  below  deck  in  a  tropical  climate,  some  of  it, 
such  as  the  spud  engines  behind  the  trusses,  in  an  inaccessible  position. 

Capacity  of  Dipper. — Though  called  15-cu.  yd.  dredges,  it  does  not 
appear  that  they  have  ever  been  worked  with  a  dipper  of  that  size, 
even  in  soft  material,  and  10  cu.  yd.  seems  to  be  the  useful  limit  of 
capacity,  although  the  dimensions  of  the  dipper,  as  stated  in  the  paper 
( lOi  by  9  by  9  ft.  over  all),  would  indicate  a  somewhat  less  capacity. 
With  a  very  large  dipper,  it  is  not  alone  a  question  of  the  power  and 
ability  of  the  dredge  to  handle  it,  but  of  the  ability  of  the  scow  to 
receive  the  impact  of  such  a  mass  of  material  and  dispose  of  it. 

Character  of  Work. — The  paper  states  that  these  dredges  were 
"placed  in  Gaillard  Cut  in  rock  digging  exclusively."  A  more  specific 
classification  of  material  dredged  would  be  necessary  in  order  to  form 
a  just  idea  of  the  work  dorie.  Although  some  rock  may  have  been 
present,  "rock  digging  exclusively"  is  misleading.  The  sliding  in  of 
the  banks  of  the  canal,  and  the  large  output,  both  prohibit  the  idea 
of  "rock  exclusively." 

The  defects  which  have  been  criticized  illustrate  a  tendency  to  follow 
beaten  tracks,  which  lead  astray  when  followed  too  far.  This  tendency 
is  found  in  many  branches  of  engineering,  but  especially  in  the  design 
of  dredging  machinery,  the  early  development  of  which  has  been 
largely  in  the  hands  of  so-called  practical  men  with  slight  acquaintance 
with  engineering.  By  a  process  of  strengthening  parts  that  failed  or 
proved  weak,  successive  examples  were  built  up  into  a  system  from 
which  it  was  thought  unwise  or  impossible  to  depart.  In  many 
instances,  tons  of  metal  were  introduced  into  the  design  of  parts  in 
this  way  as  the  result  of  experience,  and  the  degree  of  success  resulting 
was  an  apparent  justification,  whereas  the  truth  is  that  entirely  dif- 
ferent designs  based  on  engineering  principles  and  sound  reasoning 
would  have  been  better. 
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Mr.  The  splendid  work  which  these  dredges  have  done  in  spite  of  the 

Robmson.  mecii^nical  defects  noted  is  a  tribute  not  only  to  the  excellence  and 

solidity  of  the  machines  as  a  whole,  but  especially  to  good  operation 

and  management  at  a  time  when  the  passage  of  the  Canal  was  at  stake. 

Mr.  William  M.  Eosewater,*  Assoc.  M.  Am.  See.  C.  E. — This  paper 

"  gives  a  brief  description  of  the  machinery  used  on  these  dredges,  to- 
gether with  some  suggestions  for  changes  which,  in  the  author's  opinion, 
would  improve  future  dredges.  The  performances  of  these  dredges  are 
tabulated,  and  some  figures  are  given  relating  to  the  output  and  cost 
of  operation,  but,  unfortunately,  the  conditions  of  operation  are  not 
described,  and,  without  knowing  these  conditions,  the  records  of  per- 
formances cannot  be  intelligently  compared  or  used  in  predicting  what 
other  dredges,  or  even  the  same  dredge,  may  do  on  other  work. 

The  speaker  will  try  to  describe  the  conditions  under  which  these 
performances  were  made,  and  also  explain  how  the  original  specifica- 
tions for  these  dredges  were  decided  on. 

At  the  time  the  first  large  slide  closed  the  Canal  to  navigation,  the 
Panama  Canal  Commission  was  operating  a  number  of  hydraulic 
dredges,  a  few  dipper-dredges  equipped  with  5-yd.  dippers,  and  the 
ladder-dredge,  Gorozal,  with  buckets  of  about  35  cu.  ft.  capacity.  All 
these  dredges  were  found  to  be  unsuitable  for  clearing  away  this  tre- 
mendous mass  of  broken  rock  and  earth.  The  dipper-dredges  were  too 
small  and  of  too  light  construction,  and  the  Corozal  was  unsuitable 
for  the  work  because  the  material  had  lost  all  its  original  regularity  of 
formation,  and  was  no  longer  in  layers  of  original  uniform  material, 
through  which  one  could  steadily  feed  an  endless  chain  of  buckets,  but 
was  a  mass  of  earth  mixed  with  broken  pieces  of  rock  of  all  sizes  and 
shaptes,  and  lacking  all  uniformity  of  formation,  a  mass  against  which, 
on  account  of  this  lack  of  uniformity,  no  endless  chain  of  buckets, 
with  its  uniform  speed  and  original  close  formation  (as  compared  with 
the  enormous  size  of  the  pieces  of  rock),  could  be  expected  to  cope 
successfully. 

Such  a  mass  calls  rather  for  a  large  single  bucket  or  dipper,  the 
direction,  point  of  application,  and  speed  of  which  are  constantly  under 
control,  and  with  which  the  operator  can  feel  his  way  as  he  plows 
through  the  mass. 

Such  were  the  conditions  that  led  to  the  placing  of  orders  for  these 
large  dipper-dredges.  A  few  years  previous  to  this,  W.  G.  Comber,  M. 
Am.  Soc.  C.  E.,  then  in  charge  of  the  dredging,  had  visited  the  United 
States  to  inspect  the  more  important  large  dipper-dredges  on  the  At- 
lantic Coast  and  the  Great  Lakes.  Of  all  these  dredges  only  two  types 
were  considered  as  coming  within  the  requirements  for  this  work;  these 
were  the  15-yd.  dipper-dredge,  Toledo,  built  by  the  Bucyrus  Company 

*  South  Milwaukee,  Wis. 
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for  George  H.  Breymann  and  Brothers,  of  Boston,  Mass.,  and  the  two 
10-yd.  dipper-dredges  working  on  the  Cape  Cod  Canal.  The  latter 
were  sister  machines,  and  were  built  by  the  Atlantic  Equipment  Com- 
pany, frequently  referred  to  as  the  American  Locomotive  Company. 
After  careful  inspection  and  study  of  these  dredges,  the  officials  of  the 
Panama  Canal  decided  that  the  Toledo  represented  the  type  most  suit- 
able for  their  work.  The  Gamhoa  and  the  Paraiso  were,  with  certain 
modifications,  to  be  duplicates  of  the  Toledo,  the  largest  dredge  of  this 
type,  and  practically  the  only  one  that  met,  in  a  general  way,  all  the 
requirements  of  the  work  on  the  Canal.  This  dredge  carries  a  12  or 
15-cu.  yd.  dipper,  depending  on  the  nature  of  the  material  to  be  dredged, 
and  can  dig  to  a  depth  of  50  ft.  below  the  water  line. 

The  Toledo  has  a  wooden  hull,  with  structural  steel  stiffening 
trusses,  a  single  boiler,  and  wooden  spuds,  the  forward  spuds  being 
operated  by  a  two-part  wire  rope  tackle.  The  Panama  dredges  were  to 
have  steel  hulls,  also  structural  steel  trusses,  two  boilers,  and  steel 
spuds,  the  forward  spuds  to  be  operated  by  a  four-part  wire  rope  tackle. 
In  practically  all  other  respects  these  dredges  were  to  be  duplicates  of 
the  Toledo.  Suggestions  for  improvements  in  the  design  of  the  main 
hoisting  engine,  drums,  and  gears  had  been  made  by  the  speaker's 
company  at  that  time,  but  were  rejected  by  the  Canal  officials,  chiefly 
on  account  of  the  extra  time  it  would  have  taken  to  get  out  an  en- 
tirely new  design.  The  need  for  these  dredges  on  the  Canal  was  so 
great  that,  in  view  of  the  satisfactory  work  done  by  the  Toledo,  the 
Canal  officials  felt  justified  in  rejecting  suggestions  for  changes  in 
design  which  if  incorporated  would  have  delayed  the  delivery  of  the 
dredges. 

When  the  order  for  the  third  dredge,  the  Cascadas,  was  placed,  the 
first  two  had  been  in  operation  for  about  8  months.  The  work  of  these 
dredges  had  been  highly  satisfactory,  and  the  only  changes  requested 
were  that  the  hull  be  widened  so  that  it  would  be  flush  with  the  out- 
side of  the  forward  spuds.  This  increased  the  width  of  the  hull  about 
11  ft.,  and  added  to  its  transverse  stability  in  maneuvering  the  dredge 
with  the  spuds  in  the  high  position.  It  also  provided  space  for  a 
third  boiler,  which  was  considered  desirable.  A  gallows  frame  was  also 
to  be  added  at  the  bow,  so  as  to  permit  raising  the  forward  spuds  from 
their  tops,  thereby  avoiding  the  use  of  sheaves  at  the  bottom  of  the 
spuds,  as  in  that  position  they  were  easily  clogged  with  mud,  and  were 
a  source  of  more  or  less  trouble  on  the  older  dredges.  Changes  in  the 
design  of  the  main  hoisting  engine,  drums,  and  gears  were  again  con- 
sidered, and  rejected  as  not  being  worth  while,  but  it  was  decided  to 
omit  the  reversing  links  and  add  a  separate  reversible  engine,  to  be 
thrown  into  gear,  when  required,  to  turn  the  main  drum  slowly  and 
thus  facilitate  the  renewal  of  the  cable  and  when  making  repairs. 
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Mr.  The  performance  of  all  these  dredges  is  unique,  and  the  speaker 

osew  a  er.  (j^^j^^g  very  much  that  it  can  ever  be  equalled  elsewhere,  even  with  the 
same  or  similar  dredges,  because  all  the  conditions  necessary  for  con- 
tinuous maximum  output  will  probably  never  again  be  present  to  the 
same  extent  as  on  the  Canal  at  the  time  these  performances  were  made. 
The  conditions  necessary  for  maximum  output  are  as  follows : 

1. — A  depth  of  cut  sufficient  to  insure  a  full  dipper  for  every 
stroke. 

2. — A  channel  free  from  traffic,  thus  causing  no  delays  on  account 
of  passing  vessels. 

3. — A  channel  suitable  to  permit  setting  adrift  the  loaded  scows 
as  fast  as  filled.  These  were  pushed  out  of  the  way  by  the 
empty  scow,  and  picked  up  later  by  a  steam  tug.  This  method 
of  handling  scows  could  not  be  used  at  all  times,  of  course, 
because  some  of  the  slides  completely  closed  the  Canal,  and 
then,  naturally,  the  loaded  scow  had  to  be  moved  out  of  the 
way  before  an  empty  one  could  take  its  place,  and,  at  times, 
the  scows  even  had  to  be  turned  end  for  end  before  they  could 
be  completely  loaded. 

4. — No  delays  caused  by  waiting  for  empty  scows.  This  required, 
not  only  an  ample  supply  of  scows  and  steam  tugs,  and  a  per- 
fect transportation  system,  but  also  a  dumping  place  free  from 
rough  weather  and  storms,  so  as  not  to  interrupt  the  towing 
and  dumping  service. 

5. — A  bank  of  earth  slowly  moving  toward  the  dredge,  so  that  the 
latter  covJd  work  for  long  periods  of  time  witTaout  having  to 
stop  to  move  ahead. 

6. — Careful  and  expert  management,  with  experienced  crews,  and 
the  division  of  the  24-hour  working  day  into  three  8-hour 
shifts,  and  not  into  two  12-hour  shifts. 

From  Tables  1,  2,  and  3,  the  minimum  and  maximum  monthly  out- 
puts for  these  dredges  are  shown  to  be: 

In  1914  for  the  Gamboa     108  000  cu.  yd.  to  166  000  cu.  yd. 


and 

a      a 

Paraiso 

70  000 

"    to  144  000 

In  1915 

il       u 

Gamboa 

150  000 

"    to  280  000 

and 

u      u 

Paraiso 

134  000 

"   to  313  000 

In  1916 

(I        u 

Gamboa 

129  000 

"    to  321  000 

and 

u      a 

Paraiso 

196  000 

"   to  306  000 

and 

a      u 

Cascadas 

122  000 

'   to  330  000 

If  the  output,  as  given  in  these  tables,  is  averaged  for  the  fiscal 
years,  the  Gamboa  and  Paraiso,  for  the  first  year's  operation,  each  re- 
moved 150  000  cu.  yd.  per  month,  and  for  the  second  year's  operation 
250  000  cu.  yd.  per  month  for  each  dredge ;  the  average  for  the  Cas- 
cadas during  its  8  months'  work  in  1916  was  300  000  cu.  yd.  per  month. 
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The  Gamhoa  and  I'araiso,  !it  the  start,  were  operated  on  only  Mr. 
two  8-hour  shifts  per  day.  and  were  changed  to  three  8-hour  shifts  '^osewater. 
at  about  the  time  the  Cascadas  was  placed  in  commission.  The  Cas- 
cadas  was  always  operated  on  three  8-hour  shifts.  The  increase  of 
100  000  cu.  yd.  per  month  for  the  second  year's  work  of  the 
Gamhoa  and  Paraiso  is  no  doubt  largely  due  to  the  addition 
of  the  third  shift,  which  added  about  50%  more  operating  time 
to  each  month,  but  the  scow  service  was  also  improved  at  this  same 
time,  so  that  it  is  the  combination  of  these  two  that  really  accounts 
for   the   increased  yardage. 

Assuming  twenty-six  24-hour  working  days  per  month,  the  aver- 
age hourly  output  for  both  the  Gamhoa  and  Paraiso  was  400  cu. 
yd.,  and  for  the  Cascadas  about  480  cu.  yd.  The  Gamhoa  and 
Paraiso  were  originally  equipped  Vith  10-yd.  and  15-yd.  dippers, 
for  work  in  rock  and  earth,  respectively,  but  it  was  found  that 
the  rock  and  earth  were  mixed  to  such  an  extent  that  no  distin- 
guishing line  could  be  drawn  dividing  the  classes  of  work,  nor  was 
it  found  practicable  to  change  the  dippers  with  the  change  in  the 
character  of  the  material,  so  that  these  dredges  used  the  10-yd. 
dippers  constantly,  and  the  15-yd.  dippers  were  eventually  cut  down 
and  converted  to  rock  dippers.  The  Cascadas  was  equipped  with 
a  12-yd.  dipper,  suitable  for  both  rock  and  earth  work,  and  a  similar 
change  was  intended  to  be  made  on  the  other  dredges,  but  the 
speaker  thinks  that  this  had  not  been  done  at  the  time  of  these 
performances.  Assuming,  then,  that  the  Gamhoa  and  Paraiso  were 
using  10-yd.  dippers,  and  the  Cascadas  a  12-yd.  dipper,  each  of  the 
three  dredges  was  loading  at  an  average  of  not  less  than  forty 
dippers  an  hour,  or  a  dipperful  every  1^  min.  To  make  this  average 
output,  the  dredges  had  to  work  very  much  faster  than  this,  for 
these  figures  do  not  allow  for  lost  operating  time;  and,  to  illustrate 
just  how  fast  it  was  possible  to  operate,  The  Canal  Record  of  Feb- 
ruary 23d,  1916,  stated  that  on  February  18th,  1916,  in  a  24-hour 
period,  from  midnight  to  midnight,  the  Cascadas  loaded  into  scows 
23  305  cu.  yd.  of  earth  and  rock  in  23  hours  and  15  min.  actual 
working  time.  This  is  at  the  rate  of  1 002  cu.  yd.  per  hour,  or 
16.7  cu.  yd.  per  min.,  or  a  dipperful  about  every  40  sec.  This  also 
illustrates  the  fact  that  the  dredge  lost  practically  no  time  what- 
ever in  doing  this  work,  and  that  it  probably  was  not  even  required 
to  change  its  position,  as  a  shift  of  position  usually  causes  a  delay 
of  from  a  few  minutes  to  an  hour,  depending  on  the  location  and 
the   character   of  the  ground  in   which  the   dredge   is   working. 

In  this  same  month,  the  shortest  of  the  year,  this  dredge  appears 
also  to  have  made  its  record  maximum  output  of  330  000  cu.  yd., 
an  average  of  550  cu.  yd.  per  hour,  which  is  approximately  55% 
of   its   best   single   day's   record. 


1970  discussion:  dipper-dredges  on  the  PANAMA  canal   [Papers. 

Mr.  The  best  record  for  the  Toledo,  so  far  as  the  speaker  knows,  has 

Rosewater.  ^^^^^  g  qqq  ^^  ^^  j^  -^g  hours,  and  her  monthly  output  varies  from 
100  000  to  200  000  cu.  yd.,  but  the  conditions  under  which  most  of 
her  work  was  done  are  widely  different  from  those  existing  at  the 
Panama  Canal.  The  depth  of  cut  generally  was  shallow,  from  6 
to  10  ft.,  and  the  time  lost  in  moving  the  dredge  ahead  was  generally 
very  appreciable,  but  the  largest  loss  of  time  is  usually  caused  by 
rough  seas,  which  prevent  taking  the  scows  out  to  the  dump.  At 
some  seasons  of  the  year  this  loss  amounts  to  practically  two-thirds 
of   the   available  working   time. 

From  the  foregoing  it  will  be  readily  seen  to  what  an  extent 
the  conditions  at  Panama  favor  the  work  and  affect  the  yardage 
obtained.  For  efficient  results,  not  only  must  the  dredge  be  of 
proper  strength  and  design,  and  suitable  for  the  work,  but  the 
transportation  problem,  also,  must  be  very  carefully  solved,  in  order 
to  take  full  advantage  of  the  possibilities  of  the  dredge. 

Tables  1,  2,  and  3  also  give  the  cost  of  operation  per  cubic  yard, 
and  show  that  it  was  remarkably  low.  These  figures,  however,  cover 
only  the  cost  of  loading  the  material  into  scows,  and  do  not  include 
the  towing  and  dumping.  As  dredging  contracts,  as  a  rule,  include 
towing  and  dumping,  the  speaker  would  suggest  that  Mr.  Berdeau 
add,  if  possible,  a  supplement  showing  the  cost  per  cubic  yard  of 
spoil  on  the  dump,  including  all  overhead  charges,  and  also  giving 
the  length  of  tow  per  round  trip.  From  figures  pertaining  to  this 
work  which  the  speaker  has  seen,  the  cost  of  towing  will  add  approx- 
imately 20  cents  per  cu.  yd.,  and  will  show  that  the  cost  of  spoil 
on  the  dump  varies  from  24  to  33  cents  per  cu.  yd.  These  figures 
cover  the  performance  of  the  Gamboa  and  Paraiso  from  January 
to  October,  1915.  The  length  of  the  tow  per  round  trip  was  about 
25  miles.  For  the  Cascadas,  on  account  of  its  slightly  larger  aver- 
age output,  the  cost  figures  ought  to  be  slightly  less  than  those  given. 

Some  of  the  details  will  -now  be  taken  up  in  the  order  in  which 
they  appear  in  the  paper,  Mr.  Berdeau  submitted  to  the  speaker's 
company  a  copy  of  his  paper  for  correction  before  it  was  printed, 
but  it  is  found  that  several  slight  errors  were  apparently  overlooked, 
and,  for  the  sake  of  accuracy,  the  speaker  will  try  to  correct  them. 

On  page  946,*  the  acceptance  of  the  Cascadas  is  given  at  Port 
Richmond,  N.  Y.  This  is  an  error.  The  Gamboa  and  Paraiso 
were  completed  and  accepted  at  Port  Richmond,  'N.  Y.,  biat  the  hull 
of  the  Cascadas  was  built  by  the  New  York  Shipbuilding  Company 
at  Camden,  IST.  J.,  where  the  Bucyrus  Company  put  in  the  machinery 
and  completed  the   dredge. 

The  next  correction  is  in  regard  to  the  depth  of  the  Gamboa 
and  Paraiso.  The  hulls  of  these  dredges  are  16  ft.  6  in.  deep  at  the 
bow  and  13  ft.  6  in.  at  the  stern. 

•  Proceedings,  Am.  Soc.  C.  E.,  August,  1917. 
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The  dippers  or  buckets,  as  supplied  by  the  Bucyrus  Company,  Mr. 
were  of  stronger  and  heavier  design  than  any  that  had  ever  been  '**'''^'^^**'''"- 
built  before.  Each  10-yd.  rock  dipper  weighed  nearly  20  tons,  and 
each  15-yd.  dipper,  21  tons.  The  rock  dippers  had  been  in  service 
only  a  comparatively  short  time  when  they  began  to  show  signs 
of  distress,  and  had  to  be  overhauled.  An  attempt  was  made  to 
hold  the  Bucyrus  Company  responsible  for  the  failure  of  these  dip- 
pers, on  the  ground  that  this  failure  showed  they  were  too  light 
and  inadequate  for  the  work.  The  speaker's  company,  however,  had 
no  difficulty  in  presenting  proof  to  F.  C.  Boggs,  M.  Am.  Soc.  C.  E., 
Major,  Corps  of  Engineers,  U.  S.  A.,  then  Purchasing  Officer  for 
the  Panama  Canal,  that  these  dippers  were  stronger  and  heavier 
than  any  then  in  service,  and  that  the  company  had  faithfully 
and  to  the  best  of  its  ability  fulfilled  its  contract. 

These  dippers  are  attached  to  a  handle  weighing  approximately 
3Ti  tons,  and,  together  with  the  dipper  itself,  there  is  a  total  weight 
of  57^  tons  in  motion,  and  if,  in  lowering,  the  operator  misjudges 
the  distance,  he  can  easily  allow  the  dipper  to  strike  bottom  with 
sufficient  momentum  to  be  crushed.  The  speaker's  company  quite 
naturally  concluded,  from  the  first  meager  reports  cabled  to  it,  that 
this  had  been  the  cause  of  the  trouble,  just  as  Mr.  Berdeau  has 
done  in  his  paper.  However,  the  detailed  reports,  when  received, 
showed  that  the  parts  had  been  forced  outward  and  not  inward, 
as  would  have  been  the  case  if  the  destructive  force  at  work  had 
been  due  to  the  weight  of  these  parts;  and,  finally,  when  all  the 
facts  became  known,  it  developed  that  these  dippers  frequently 
brought  up  large  pieces  of  rock,  too  large  to  go  through  the  dipper 
and  also  too  large  to  pass  through  the  openings  in  the  dump  scows. 
Sometimes  these  pieces  were  lodged  on  top  of  the  dipper  and  at 
other  times  they  were  wedged  tightly  in  place,  and  as  they  were 
too  large  to  pass  through  the  dump  scows,  they  had  to  be  broken 
up.  This  was  done  by  placing  a  light  charge  of  dynamite  on  top 
of  the  rock,  covering  it  with  clay,  and  then  lowering  the  dipper 
below  the  water  surface,  but  still  allowing  it  to  hang  on  the  hoisting 
rope  when  the  charge  was  exploded.  This  happened  sometimes  as 
often  as  twenty  times  in  a  working  day,  and  it  not  only  broke  up 
the  rock,  but  also  eventually  the  dipper.  This  naturally  had  not 
been  contemplated  in  designing  these  dippers,  and  it  fully  accounted 
for  the  manner  in  which  the  parts  failed.  It  is  not  at  all  surprising, 
therefore,  that  these  dippers  had  to  be  overhauled  and  repaired  every 
3  or  4  weeks.  This  treatment  of  the  rock  was  also  responsible  for 
some  of  the  short-lived  hoisting  cables.  Inspection  of  the  cables 
showed  that  blasting  the  rock  in  the  dipper  broke  a  few  wires  of 
the   cable   each   time,   and   naturally   shortened   its   life. 
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Mr.  Cables. — The  life  of  the  cable  in  ordinary  service  is  usually  rep- 

sewa  er.  j.ggg^^g^j  |jy   3QQ  qqq   ^^^    y(j_     'j'j^g  j^fg  q£  ^j^q  Cables  at  Panama,   in 

view  of  the  continuous  high-speed  operation  of  the  dredges,  and  the 
treatment  that  was  sometimes  given  these  cables,  does  not  seem 
excessively  short. 

The  suggestion  has  been  made  that  sheaves  of  larger  diameter 
would  increase  the  life  of  the  cables,  but  the  speaker  doubts  that 
this  would  result  in  any  material  benefit,  because  the  drum  diameters 
are  considerably  less  than  those  of  the  sheaves,  and  a  cable  usually 
gives  way  at  the  point  where  the  radius  of  bend  is  the  smallest. 

Dipper  Handles. — It  was  specified  that  the  dipper  handles  should 
be  duplicates  of  the  one  on  the  Toledo,  but  more  heavily  armored; 
the  handle  of  the  Toledo  had  originally  been  specified  to  be  a  dupli- 
cate of  one  used  on  an  older  and  smaller  dredge,  so  as  to  make  one 
spare  handle  serve  for  either  dredge.  In  this  way  the  width  of 
12  in.  for  each  dipper  stick  was  determined  arbitrarily,  and  was  in- 
corporated in  the  design  of  the  Panama  dredges.  The  speaker  has 
always  been  of  the  opinion  that  a  stick  16  in.  wide  would  be  far 
better  for  dredges  of  this  size,  but  a  change  in  the  width  of  these 
sticks  would  entail  many  other  changes  which  would  affect  the  initial 
cost  of  the  dredge  quite  materially,  so  that,  in  the  end,  the  adoption 
or  rejection  of  the  suggested  improvement  usually  rests  with  the 
purchaser,  and  not  with  the  Engineering  Department. 

Saddle  Blocks. — The  saddle  blocks,  as  stated  by  Mr.  Berdeau, 
are  of  the  latest  and  most  approved  type,  and  have  given  general 
satisfaction.  The  block  is  on  the  outside  of  the  handle  sticks,  instead 
of  between  them,  and  is  provided  with  adjustable  caps  for  holding 
the  handle  rack  in  proper  mesh  with  its  pinion.  It  is  essential 
to  keep  the  saddle  block  in  proper  adjustment  as  the  handle  wears, 
for  the  forces  at  work  tend  to  separate  the  rack  from  its  pinion, 
and,  if  the  clearance  is  allowed  to  become  too  great,  this  will  cause 
the  teeth  to  jam  and  break,  and  even  break  the  saddle  block  itself. 
Rollers  in  place  of  slide-plates  would  undoubtedly  reduce  the  wear 
at  this  point,  and  Mr.  Berdeau's  suggestion  for  their  use  is  a  good 
one,  but,  before  it  can  be  adopted,  the  old  and  long  established 
prejudice  against  rollers  for  this  service  will  have  to  be  overcome. 
Some  15  or  20  years  ago,  rollers  were  considered  standard  practice, 
but  the  design  was  inadequate,  and  caused  these  roller  slide-plates 
to  be  condemned. 

The  use  of  the  single  dipper  stick  with  a  divided  hoisting  rope- 
one  rope  on  each  side  of  the  stick — has  been  suggested  from  time 
to  time.  The  difficulty  with  this  is  that  no  one  has  yet  found  a 
way  to  lead  the  ropes  from  the  widely  separated  sheaves  at  the  foot 
of  the  boom  through  the  turn-table  to  the  sheaves  in  the  hold  at 
t\\o  bow  of  the  dredge,  and  still  retain  the  proper  lead  of  the  rope 
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for  all  positions  of  the  boom.  ISTor  has  any  arrangement  yet  been  Mr. 
perfected  that  would  permit  leading  these  cables  directly  from  the  ^'^^''water. 
point  of  the  boom  to  the  drum  without  going  through  the  turn- 
table. Such  an  arrangement  is  often  used  on  Lidgerwood  hoists 
operating  clam-shell  buckets,  but  cannot  be  used  on  a  dipper-dredge 
because  of  the  interference  of  the  dipper  handle  with  these  cables 
as  the  boom   swings  toward  the  corner  of  the  dredge. 

On  some  of  the  large  revolving  shovels  built  by  the  Bucyrus 
Company  the  two  members  of  the  dipper  handle  have  been  separated 
far  enough  to  allow  the  entire  boom  to  be  placed  between  them. 
This  permits  the  use  of  a  box-girder  boom  having  maximum  strength 
and  stiffness  for  any  given  weight  of  material.  It  also  increases 
the  torsional  resistance  of  the  handle  on  account  of  the  wide  spread 
of  its  members,  but  this  design  is  not  well  adapted  for  use  on  deep- 
digging  dipper- dredges  because  of  the  interference  in  certain  posi- 
tions of  the  boom  of  the  handle  with  the  A-frame  legs.  This  might 
be  overcome  by  using  A-frames  with  bent  or  bowed  legs,  but  such 
frames  would  have  to  be  of  extremely  heavy  construction  in  order 
to  take  care  of  the  added  bending  moment.  The  vndely  separated 
dipper  sticks  would  also  require  a  broad  section  of  dead  wood  below 
the  boom,  which  would  add  greatly  to  the  resistance  in  pulling  the 
dipper  back  with  the  backing  cable,  especially  if  working  in  a  strong 
current;  and  a  further  objection  might  be  raised  to  this  that  the 
current  would  tend  to  break  the  dipper  sticks  by  forcing  them 
against  the  bottom  comer  of  the  hull. 

Booms. — The  booms  are  alike  on  all  three  dredges,  and  are  of 
plate-girder  construction,  being  25%  heavier  than  the  one  on  the 
Toledo,  which  is  of  the  latticed-girder  type.  The  boom,  without 
doubt,  is  the  most  difficult  part  of  the  dredge  to  design.  It  is 
subject  to  extremely  heavy  loads,  some  of  which  are  indeterminate; 
its  shape  and  the  location  of  some  of  its  principal  members  are 
very  often  fixed  by  the  physical  requirements,  so  that  the  result  is 
at  best  more  or  less  of  a  compromise  between  what  one  would  like 
to  do  and  what  one  can  actually  do.  By  indeterminate  loads  the 
speaker  means  those  caused  by  starting  to  swing  the  boom  before 
the  dipper  is  clear  of  the  water,  and  sometimes  before  it  is  clear 
of  the  bank,  also  those  caused  by  the  sudden  stoppage  and  reversal 
of  swing  necessary  when  working  at  the  highest  speed.  Then,  too, 
it  is  not  uncommon  practice  to  move  the  dredge  sidewise  by  swing- 
ing the  boom  with  the  dipper  bedded  on  the  bottom.  All  these 
forces  produce  reversal  of  stresses,  and  have  a  far-reaching  effect 
that  sooner  or  later  makes  it  necessary  to  overhaul  the  boom,  no 
matter  how  well  it  was  designed  and  built.  It  has  been  the  speaker's 
experience  that  the  heavier  and  stronger  the  boom  is  built,  the 
more  likely  it  is  to  be  overworked;  in  other  words,  when  the  boom 
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Mr.        looks   extra   strong   and   heavy,    the   operators    do   not  hesitate   to   do 
Rosewater.  ^^^^i  it  what   they   would  be  afraid  to   undertake   with   some  of  the 
lighter  booms  that  are  in  successful  operation. 

Main  Engines. — The  main  engines  are  of  the  twin,  tandem,  com- 
pound type.  In  a  40  or  50-sec.  cycle  of  operation,  these  engines  run 
only  for  10,  12,  or  15  sec,  at  most,  and  are  idle  for  the  remainder 
of  the  time.  From  this,  the  speaker  believes,  it  will  be  readily 
perceived  that  the  conditions  can  hardly  be  right  for  the  use  of 
a  compound  engine,  and  for  this  reason  the  speaker  has  always  ad- 
vised against  their  use,  but,  as  these  dredges  show,  without  success. 
The  compound  engines  were  insisted  upon  for  the  Toledo,  and  thus 
they  came  to  be  used  on  the  Panama  dredges. 

The  speaker  is  frank  to  confess  that,  as  far  as  he  knows,  no  in- 
dicator cards  have  ever  been  taken  from  any  of  these  compound 
engines,  so  that  he  does  not  know  what  the  low-pressure  cylinder  is 
actually  doing.  Mr.  Macfarlane,  the  Superintendent  of  Dredging 
on  the  Canal,  stated  a  year  ago  that,  if  he  were  to  order  a  fourth 
dredge,  he  would  want  it  provided  with  simple,  double-cylinder  en- 
gines,  and  not  compound. 

The  statement  in  the  paper  that  the  low-pressure  cylinders  have 
piston  valves  is  in  error.  It  is  the  high-pressure  cylinders  that 
have  the  piston  valves,  the  low-pressure  cylinders  have  double-ported 
slide-valves,  with  American  balanced  slide-valve  discs. 

Hoisting  Drum  and  Gear. — The  drum  is  of  the  so-called  differ- 
ential type,  that  is,  it  is  of  two  diameters,  the  connection  between 
the  small  and  large  diameter  being  made  by  two  or  three  turns  of  a 
grooved  spiral  section.  The  original  idea  of  this,  as  explained  in 
the  paper,  was  to  obtain  a  slow  speed  and  maximum  digging  effort 
when  the  dipper  was  on  the  bottom  and  a  fast  speed  with  propor- 
tionately reduced  effort  while  the  loaded  dipper  was  being  hoisted. 

The  small  part  of  the  drum  is  usually  of  a  diameter  that  is 
rather  small  for  the  size  of  the  cable,  and  its  length,  proportioned 
for  average  conditions,  cannot  possibly  be  right  for  all  conditions. 
Thus,  on  a  deep-digging  dredge,  unless  the  cable  is  especially 
shortened  to  suit  the  job  in  hand,  most  of  the  work  in  a  shallow 
cut  will  be  done  on  the  spiral  and  large  diameter  parts  of  the  drum, 
and  the  dredge  will  thus  be  at  a  disadvantage  for  power.  This 
would  also  be  true  for  a  deep  cut  in  any  soil  in  which  the  dipper 
must  cut  its  way  clear  to  the  surface  of  the  water.  Trouble  has 
also  been  experienced  with  drums  of  this  type  on  the  older  dredges, 
which  are  now  working  with  reduced  boiler  pressure,  in  the  event 
that  the  operator  misjudges  his  clearance  height  and  stops  hoist- 
ing before  the  dipper  is  high  enough  to  pass  the  hatch  combing  of 
the  scow,  for  then,  if  he  is  swinging  fast,  he  cannot  stop,  nor  can 
he  get  the  hoisting  engine  to   start  the  loaded   dipper   from  rest  in 
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that  position  without  first  loweriup  it  to  obtain  a  more  favorable  Mr. 
starting  position,  and,  when  there  is  not  time  for  this,  a  collision 
and  damajro  to  botli  scow  and  dr(>dij:e  is  inevitable.  Such  accidents, 
however,  do  not  happen  where  tlie  original  boiler  pressure  is  car- 
ried, for  the  speaker  always  aims  to  have  sufficient  hoisting  power 
to  start  the  dipper  from  any  position. 

To  overcome  these  objections,  of  late  years,  the  speaker  has  been 
recommending  the  straight  drum  of  large  diameter,  and  with  gears 
properly  proportioned  to  give  the  correct  digging  effort  and  speed. 
With  a  drum  of  this  type  the  available  power  will  not  be  affected 
materially  by  the  depth  of  digging,  and  the  engine  can  be  readily 
designed  so  as  to  accelerate  rapidly  and  run  at  higher  speed  the 
moment  the  dipper  finishes  its  cut  and  the  comparatively  easy  work 
of  hoisting  the  load  begins. 

One  of  the  chief  obstacles  to  the  straight  drum  of  large  diameter 
has  been  its  increased  initial  cost.  The  larger  drum  calls  for  more 
powerful  friction  clutches  and  brakes,  and  requires  also  heavier  and 
more  powerful  gearing.  This,  translated  into  commercial  terms, 
means  increased  initial  cost,  and  usually  resolves  itself  into  a  ques- 
tion that  the  purchaser  decides  without  much  reference  to  the  engi- 
neering points  involved. 

The  use  of  twin  cables  running  side  by  side  has  been  advocated 
by  many,  and  tried  on  a  number  of  large  dredges,  as  a  solution  of 
the  hoisting  cable  question;  in  fact,  twin  cables  were  suggested  for 
use  on  the  Cascadas.  It  was  rejected  by  the  Government  engineers, 
after  careful  consideration.  The  chief  argument  against  the  use  of 
the  twin  cables  is  that  it  is  impossible  to  maintain  them  at  exactly 
the  same  length.  They  will  stretch  differently,  and  there  will  be 
slight  differences  in  the  off  lead  from  the  sheaves  to  the  drum  which 
will  also  tend  to  vary  their  length,  so  that  an  efficient  equalizing 
arrangement  is  necessary,  and,  with  the  machinery  as  arranged  in 
most  dredges,  the  only  place  for  this  equalizer  is  at  the  dipper  bail, 
where  the  space  available  will  not  permit  the  use  of  sheaves  of  large 
diameter;  with  sheaves  of  small  diameter,  the  life  of  the  twin  cables 
has  been  no  greater  than  that  of  the  single  cable,  and  the  cost  of  the 
twin  cables  has  been  greater. 

Swinging  Circle  and  its  Machinery. — -The  swinging  circle  and  its 
machinery  are  of  the  iisual  type  constructed  by  the  Bucyrus  Company. 
The  division  of  each  swinging  rope  into  two  parts,  to  facilitate  its  re- 
newal, and  to  conserve  incidentally  the  portion  that  receives  very 
little  wear,  is  so  simple  an  improvement  that  it  seems  remarkable  that 
no  one  had  ever  thought  of  it  before.  The  reason  for  this,  no  doubt, 
is  that  ordinarily  these  cables  are  changed,  so  infrequently  and  that 
there  is  usually  plenty  of  spare  time  to  make  this  change  while  the 
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Mr.        dredge  is  lying  idle,  that  no  one  ever  thought  of  making  An  improve- 
'  ment  here  until  the  conditions  changed  as  they  did  at  Panama. 

The  mechanism  for  controlling  the  throttle-valve  and  reversing  the 
swinging  engines  with  a  single  lever  is  new.  On  the  older  and 
smaller  dredges  this  was  effected  by  merely  connecting  the  links  and 
the  throttle  to  the  same  lever  system,  but,  on  the  larger  dredges,  the 
links  require  too  much  i>ower  to  permit  them  to  be  operated  in  this 
manner.  On  these  dredges,  therefore,  the  links  are  reversed  by  a  steam 
cylinder  the  direction  of  motion  of  which  is  controlled  by  a  special 
slide-valve.  The  arrangement  used  connects  this  controlling  slide- 
valve  with  the  lever  system  controlling  the  throttle-valve  in  such  a  way 
that,  starting  from  the  central  or  neutral  position  of  the  operating 
handle,  the  movement  of  the  handle  in  either  direction  causes  the  links, 
during  the  first  portion  of  the  lever  travel,  to  be  placed  in  correct 
position  corresponding  to  the  direction  in  which  the  handle  has  been 
moved,  and  further  movement  of  the  handle  then  no  longer  affects  the 
position  of  the  links,  but  serves  only  to  regulate  the  throttle-valve. 
This  arrangement  has  been  highly  successful,  and  provides  a  safe 
and  practically  fool-proof  method  for  controlling  both  the  direction 
and  the  speed  of  swinging  by  using  a  single  hand  lever.  The  only 
error  the  operator  can  make  is  to  move  his  lever  the  wrong  way  thereby 
starting  the  boom  to  swing  in  the  opposite  direction  from  that  in- 
tended, but,  as  the  lever  requires  no  power  for  its  operation,  he  can 
usually  discover  his  error  and  correct  it  before  any  serious  damage 
is  done.  A  similar  mechanism  is  also  used  for  controlling  the  direc- 
tion and  speed  of  travel  of  the  forward  spuds. 

Baching  Engine. — Mr.  Berdeau  states  that  the  diameter  of  the 
backing  drum  is  too  small  for  its  rope.  This  has  been  the  case  in 
practically  all  dredges,  and  is  caused  by  the  fact  that,  originally,  a 
chain  was  used  for  this  purpose,  and  was  still  retained  even  after  the 
hoisting,  swinging,  and  spud  handling  chains  were  discarded  for  wire 
cables.  The  substitution  of  a  cable  for  the  backing  chain,  therefore, 
is  only  of  comparatively  recent  date.  When  this  change  was  made  on 
the  existing  dredge,  it  was  usually  effected  by  salvaging  the  better  part 
of  a  worn-out  hoisting  or  swinging  cable,  and  this  could  easily  be  done, 
as  the  backing  cable  is  only  90  or  100  ft.  long.  This  cable  was  then 
used  on  the  drum  which  had  previously  wound  the  chain,  and  in  this 
way  the  extremely  small  ratio  of  drum  to  cable  diameters  was  estab- 
lished, and,  as  the  results  were  comparatively  satisfactory,  especially 
where  old  pieces  of  other  cables  were  used,  there  Was  no  incentive  to 
change  the  ratio,  and,  even  on  new  dredges,  this  small  ratio  was  re- 
tained when  the  purchaser  discovered  that  the  use  of  a  larger  drum, 
with  its  larger  gears,  clutches,  and  brakes,  added  a  few  hundred  dollars 
to  the  initial  cost  of  the  machinery. 
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Forward  Spud  Machinery. — The  chief  improvement  in  the  forward  Mr. 
spud  machinery  consists  in  the  use  of  four-part,  in  place  of  two-part,  '^"^^^^'*'''''- 
Mocks,  for  handling  the  spuds.  The  necessity  for  this  was  brought 
about  by  the  demand  in  recent  years  for  dredges  having  booms  which 
could  swing  through  a  total  of  180  degrees.  On  the  older  dredges,  the 
maximum  swing  seldom  exceeded  120°,  and  with  the  increase  to  180° 
in  the  arc  of  swing  it  was  soon  discovered  that  greater  loads  were 
placed  on  the  forward  spuds,  so  that,  to  permit  the  dredge  to  dig  with 
the  boom  swung  to  its  limit,  four  parts  of  cable  were  required  to  carry 
the  load. 

On  the  older  dredges,  using  only  two  parts  of  cable  on  the  forward 
spuds,  it  was  a  comparatively  simple  matter  to  renew  the  cable,  or 
even  to  change  spuds,  so  that  no  one  felt  warranted  in  incurring  the 
additional  expense  of  providing  a  gallows  frame  for  handling  these 
si)uds  from  their  tops.  When  the  four-part  spud  hoists  were  tried  out 
on  the  Panama  dredges,  however,  it  was  soon  discovered  that  as  the 
reaving  of  a  new  rope  and  the  changing  of  spuds  was  very  slow  and  diffi- 
cult work,  the  use  of  an  overhead  gallows  frame  would  be  well  worth  its 
additional  cost,  and,  for  this  reason,  it  was  adopted  on  the  Cascadas. 

Mr.  Berdeau  points  out  that  they  are  experiencing  some  trouble 
with  the  stern  spud  machinery  because  of  the  wear  of  the  saddle-block 
parts  that  hold  this  spud  in  proper  relation  to  the  pinion  with  which 
it  is  lioisted  and  lowered.  This  trouble  no  doubt  could  be  overcome 
by  improving  the  design  of  the  saddle  block  and  substituting  rollers 
for  the  slide-plates.  If  wire  ropes  were  used  for  handling  this  spud, 
the  service  of  a  saddle  block  coiild  be  dispensed  with,  but  wire  ropes 
have  not  proved  satisfactory  for  this  purpose  on  deep-digging  dredges. 
The  chief  objection  to  their  use  has  been  that  they  work  so  smoothly  and 
noiselessly  that  the  operator  allows  the  spud  to  fall  altogether  too 
fast,  and  when  he  attempts  to  check  its  speed  it  frequently  has  gained 
enough  momentum  to  break  the  rope  or  to  tear  out  the  connections  for 
the  rope,  and,  when  this  happens,  the  services  of  a  diver  are  necessary 
to  make  repairs.  Where  the  rack  and  pinion  are  used  for  handling 
this  spud,  the  work  is  not  done  so  smoothly  and  quietly,  the  result 
being  that  the  noise  usually  serves  to  prevent  the  operator  from  letting 
this  spud  travel  too  fast. 

Deck  Fittings. — The  two  three-drum  winches  used  for  moving  scows 
are  a  very  important  part  of  the  deck  equipment,  and  it  was  through 
their  use  that  the  dredges  were  supplied  with  a  substantially  continuous 
string  of  scows.  In  addition  to  these  deck  winches,  there  were  also 
added  two  steam  capstans,  near  the  stern  of  the  dredge,  which  were 
used  for  bringing  empty  scows  up  alongside  and  within  reach  of  the 
lines  from  the  other  winch.  These  capstans  were  also  useful  when  it 
was  necessary  to  turn  the  scows  end  for  end,  in  order  to  load  both  ends 
of  the  scow. 


Rosewater 
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Mr.  Boiler  and  Fittings. — Special  care  was  taken  in  the  design  of  the 

steam  piping  and  the  fittings,  so  as  to  have  everything  as  nearly  per- 
fect and  complete  as  possible.  The  boilers  burn  crude  oil,  using  the 
Dahl  patent  mechanical  oil  burners,  which  burn  the  oil  under  pressure, 
so  that  no  steam  is  required  for  atomizing  it. 

House  and  Cabin  Construction. — Everything  in  connection  with 
the  house  and  cabins  was  given  a  great  deal  of  thought  and  attention, 
and  all  plans  were  forwarded  to  the  officials  at  Panama  for  approval, 
so  as  to  insure  their  serviceability  for  the  climatic  conditions  on  the 
Canal,  and  also  to  meet  correctly  the  requirements  for  the  "gold''  and 
"silver"  crew  quarters. 

Hull. — The  decision  to  widen  the  hull  for  the  Cascadas  was  brought 
about  by  the  fact  that,  in  maneuvering  the  other  dredges,  it  was  es- 
sential to  keep  the  boom  pointing  straight  ahead,  especially  if  all  the 
spuds  had  been  raised  high  in  the  air.  The  operating  levers  are  prop- 
erly labeled  to  show  what  each  controls,  but,  even  so,  in  the  haste  with 
which  work  is  being  done,  there  is  always  the  possibility  that  the 
operator  may  pull  the  wrong  lever  at  the  wrong  time,  and  if,  under 
such  conditions,  he  should  happen  to  swing  the  boom  clear  to  the  side, 
it  might  be  possible  to  overturn  the  dredge.  On  the  first  two  dredges 
the  spuds  are  outside  of  the  hull  proper  and  project  about  5J  ft.  on  each 
side.  It  was  decided,  therefore,  to  widen  the  hull  by  just  this  amount. 
This  enabled  the  builders  to  provide  space  for  the  third  boiler,  and 
has  resulted  in  a  dredge  that  has  sufficient  transverse  stability  to  with- 
stand safely  the  swinging  of  the  boom  to  the  corner,  even  when  the 
spuds  are  in  their  highest  position.  It  may  be  added  that  this  ap- 
parent lack  of  stability  on  the  earlier  dredges  and  also  on  the  Toledo 
was  well  understood  by  the  builders  and  the  operators,  and  that  it  is 
customary  to  take  the  necessary  precautions  to  prevent  an  accident  of 
this  kind.  In  the  past,  the  objection  to  using  a  wider  hull  has  been 
based  on  the  size  of  the  locks  of  the  Welland  Canal.  These  will  not 
pass  anything  wider  than  44  ft.,  and,  consequently,  for  dredges  built 
in  America,  there  is  usually  a  clause  in  the  specifications  to  the  effect 
that  the  dredge  may  be  stripped  down  to  this  width. 
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R.  D.  JoHNsoN,t  Esq.   (by  letter).:}: — Mr.  Warren  has  touched  on      Mr. 
the  fact  that  such  formulas  for  the  simple  air  tank  as  those  proposed  '^°'^°^o°- 
by  him  have  only  a  limited  practical  application,  because  they  furnish 
no  index  of  the  nature  of  the  surge  wave,  as  to  whether  or  not  it 
will  die  out  of  its  own  accord  after  its  inception.     This  is  a  general 
fault  with  formulas  which  neglect  governor  action. 

Where  differential  action  is  omitted,  there  is  much  likelihood  of 
falling  into  the  error  of  designing  the  tank  too  small,  and  inflicting  on 
the  power  plant  a  pressure  accumulator  instead  of  providing  it  with 
a  regulator,  and  thus  causing  far  more  trouble  than  that  which  is 
intended  to  be  cured. 

Therefore,  the  writer  has  thought  it  desirable  to  supplement  his 
equations  with  .the  following  analysis,  which  serves  to  fix  a  minimum 
limit  to  the  size  of  the  simple  air  tank,  independent  of  any  formula 
which  purports  to  give  the  value  of  the  first  dip  of  the  pressure  wave, 
following  a  load  change. 

If  a  surge  wave  is  an  increasing  one,  no  perceptible  initial  load 
change  is  required  to  quicken  it  into  life,  because  the  system  is  already 
in  a  state  of  unstable  equilibrium.  Therefore,  if,  by  studying  the 
effect  of  very  small  load  changes,  an  accurate  solution  of  the  critical 
size  of  a  tank  can  be  obtained,  there  is  perfect  assurance  that,  if  the 
wave  once  begins  to  augment,  it  will  continue  to  do  so  indefinitely. 

On  the  other  hand,  if  the  study  of  the  infinitesimals  shows  a  ten- 
dency of  the  wave  to  die  out,  it  seems  reasonable  that  all  appreciable 
surges  would  show  the  same  thing. 

*  Discussion  of  the  paper  by  Mlnton  M.  Warren,  Assoc.  M.  Am.  See.  C.  E.,  con- 
tinued from  October,  1917,  Proceedings. 
t  New   York    City, 
t  Received  by  the  Secretary,  October  26th,  1917. 
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Mr.  It  is  necessary  to  reg-ard  only  very  small  load  changes  in  applying 

Johnson,  ^j^-^  theory,  because,  in  that  case,  certain  quantities  are  negligible 
which  otherwise  would  complicate  the  mathematics  beyond  the  pos- 
sibility of  manipulation. 

In  the  following,  let  Z  be  the  total  dip  of  the  pressure  wave,  at  the 
end  of  the  first  quarter  cycle,  from  its  initial  quiescent  level,  or,  in 
Mr.  Warren's  nomenclature,  Z  =■  Y  -\-  p^  —  p.y,  and  let  z  be  the  vari- 
able, Z. 

The  following  well-known  fundamental  equations  hold  good  when 
governor  action  and  friction  are  neglected,  and  Y ^  is  regarded  as 
a  constant  draft  velocity  of  the  water-wheel. 

■        ,U  =    ^"^         .  and  a  y  =  ^^^-'^-•^\ 
Also,  when  Y  is  small  compared  to  I,  we  raay  write. 

Eliminating  dt,  we  have. 
From  which. 


This  expression  holds  good  only  for  a  small  value  of  Z  when  V ^ 
is  very  little  larger  than  V^,  the  difference  being  called  ^v. 

The  wave  described  by  this  formula  would  live  everlastingly  at 
its  initial  amplitude,  that  is,  when  not  influenced  either  by  the  damping 
action  of  friction  or  the  accelerating  effect  of  governor  action,  and  all 
dimensions  of  air  tanks  would  fulfill  the  so-called  critical  condition, 
of  a  uniform,  everlasting  wave. 

It  follows,  logically,  that  if  the  damping  action  of  friction  is  just 
equal,  in  its  effect,  to  the  augmenting'  action  of  the  governor,  then  the 
wave  continues  in  the  same  condition  as  though  neither  influence 
was  present.* 

Therefore,  if  these  two  opposing  factors  are  equated,  the  critical 
dimensions  of  the  air  tank  become  apparent. 

The  increment  to  Av  caused  by  the  effort  of  the  governor  to  main- 

Z  V 

tain  constant  power  as  the  pressure  drops,  is,  naturally, -^  where  /lis 

li  — Zi 

*  See  "The  Surge-Tank  in  Water-Power  Plants",  Transactions,  Am.  Sec.  Mech. 
Engrs.,  1908,  p.  840. 
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the  net  head  corresponding:  to  p^ ;  or,  as  Z  is  here  considered  insignifi-      Mr. 
cant  as  compared  to  /(,  the  increment  to  jdv  may  be  written  '  °  "^""^ 

Z  F, 

-ir- ^2) 

Tlie  corresponding  increment  to  Z  or  ^z  may  be  found,  l)y  reference 
to  E(iuati(in  (1),  to  be, 


laL(2>,  +  t)  ^    ZV 


Now,  the  opposing  change  in  friction  head,  due  to  ^v,  may  be 
obtained  from  the  differential  expression,  c  ((V^  -\-  Av^-  —  ^2^)' 
which  becomes  (neglecting  Av-  as  an  infinitesimal  of  the  second  order) 

Af  =  2  c  Y.^Av (4) 

Or,  substituting  the  value  of  Av  from  Equation  (1), 

I      'Ala 
A  f  =  2c  r,  Z  .    — -^—~ (o) 

Now,  when  Az  =  Af,  the  condition  of  instability  sought  is  realized. 
Equating  their  values,  as  derived  in  Equations   (3)   and  (5),  we 
have,  for  the  dimensions  of  the  critical  size  of  simple  air  tank, 

A  I  aL 

= (6)* 

X>^  +  1        2g  ch  ^  ^ 

If  J.  or  Z  is  smaller,  or  p^  larger,  than  in  the  combination  which 
equals  this  expression,  then  the  design  becomes,  theoretically,  an 
impossible  one,  and  practically,  also,  unless  some  existing  condition, 
such  as  partial  differential  action,  a  sluggish  governor,  or  additional 
friction  of  some  sort,  has  been  overlooked. 

Equation  (6)  involves  the  idea  of  constant  efficiency  of  water-wheel, 
or  a  horizontal  line  expressing  the  relation  between  power  output  and 
efficiency,  and  therefore  holds  good  only  at  the  crest  point  of  the 
efficiency  curve  through  an  infinitesimal  range  of  surging. 

If  the  water-wheel  is  operating  on  the  drooping  side  of  the  efficiency 
curve,  the  tank  dimensions  need  to  be  still  more  ample  to  reach  the 
critical  value. 

/  ,      .     A  E\ 
If  the  negative  tangent  of  the  efHciency-power  curve  (  that  is,  -- — -  \  , 

where  E  is  the  efficiency  and  P  is  the  power,  be  called  tan.  a,  the 
correct  expression  involving  this  new  idea  is, 

a  L   (E   +-^P     an.    «) 

-AL,^ f _ (7) 

Pi-\-l  2gchE 

•  When    I   becomes    Infinite,    this    equation    is    seen    to    agree    with    the    Thoma 
formula  for  the  open  simple  tank. 
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Mr.  A    numerical    substitution    in    Equation    (6)    indicates    that    Mr. 

Johnson.  \Y-aj.i.eji's   chosen   example   falls   far   below  the   critical    size,    and,   in 

such  cases,  as  he  has  elsewhere  intimated,  his  value  of  p,  cannot  be 

said  to  constitute  even  an  approximation  to  the  true  magnitude  of  the 

maximum  or  minimum  air  pressure. 

It  must  not  be  understood  that  Equation  (7)  provides  a  sufficiently 
large  tank  for  practical  purposes,  because  it  distinctly  does  not. 

An  everlasting  wave  is  a  constant  invitation  to  trouble  due  to  partial 
synchronous  conditions  between  the  period  of  load-changes  and  that 
of  the  pressure  wave,  and,  ordinarily,  a  commercially  practicable 
simple  air  tank  would  need  to  be  much  larger  than  indicated  by 
Equation  (7). 

It  follows,  therefore,  that  even  correct  equations,  impossible  to 
derive,  relating  to  the  first  quarter  cycle  of  the  wave  in  a  simple  air 
tank  which  is  unmodified  by  adequate  choking  devices,  would  be  of 
very  doubtful  practical  value,  because  the  cost  of  a  commercially 
oi)erative  simple  air  tank  is  usually  fomid,  from  Equation  (7),  to  be 
prohibitive. 

Mr.  P.  Wahlman,*  M.  Am.  See.  C.  E.  (by  letter).! — For  several  years 

man.  ^-^^  writer  has  been  interested  in  surge-tank  regulation,  but,  so  far, 
has  not  found  any  reliable  formulas  for  the  simple  tank  (that  is, 
without  the  diiferential  arrangement),  whether  open  or  closed  as  an 
air  tank.  Consequently,  he  has  taken  interest  in  testing  the  prac- 
tical value  of  Mr.  Warren's  new  formulas  with  the  help  of  the  tedious 
but  accurate  process  of  arithmetic  integration. 

For  this  test  the  author's  own  tank  (page  1024:}:)  has  been  selected, 
and,  in  the  arithmetical  work,  the  friction  as  well  as  the  governor  action 
has  been  considered,  as  neither  can  be  neglected  in  practice.  As  the 
friction  and  entry  loss  in  the  2  100-ft.  conduit  are  not  given,  it  has 
been  necessary  to  assume  a  value  of  that  combined  loss,  such  as 
F  =  0.07  V^.  The  static  head  at  the  wheels  has  been  assumed  to  be 
459  ft. 

Fig.  2  shows  graphically  the  result  of  a  complete  shut-down  from 
full  load,  or  from  V  =  12.5.  In  this  case,  the  governor  has  no  influence, 
of  course,  and  only  the  friction  makes  this  practical  case  different 
from  the  author's  first  case.  The  correct  result  is  F  =  20.64  and  p.,  = 
779,  as  compared  with  the  author^s  20.0  and  764,  or  20.8  and  783  "for 
isothermal  expansion ;  and,  consequently,  it  may  be  assumed  that  Equa- 
tions (A)  and  (B)  are  practically  correct  for  this  particular  case. 

When  the  load  is  thrown  on,  the  governor  action  is  added  and 
cannot  be  disregarded.  The  result  of  full  load  thrown  on  is  shown 
graphically  in  Fig.  3,  and  a  glance  at  these  curves  shows  that,   due 

♦  New  York  City. 

t  Received  by  the  Secretary,  October  26th,  1917. 

t  Proceedings,  Am.  Soc.  C.  E.,  August,  1917. 
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to  the  governor,  the  drop  iu  head  and  the  simultaneous  increase  in  _  Mr. 
draft  velocity,  Fj,  is  so  rapid,  that  the  conduit  velocity,  F^,  cannot 
be  accelerated  fast  enough  to  catch  up  with  the  draft  velocity,  which 
means  that  the  full  load  cannot  be  maintained,  even  if  the  wheels  were 
large  enough  to  take  the  steadily  increasing  flow  and  their  efficiency 
was  constant.  It  is  evident,  therefore,  that,  for  full  load  thrown  on, 
tlie  author's  formulas  are  impractical. 

Fig.  4  demonstrates  the  conditions  when  half  load  is  thrown  on 
suddenly.  When  the  conduit  velocity  has  first  caught  up  with  the 
draft  velocity,  Y  is  only  16.87,  and  p^  =  354,  and  if  the  arithmetic 
integration  was  stopped  at  this  point,  one  might  be  inclined  to  believe 
that  the  tank  in  question  was  sufficiently  large  for  half  load  thrown 
on ;  but,  if  the  curves  are  worked  out  farther,  their  amplitude  is 
found  to  increase  for  each  surge,  and  will  finally  go  beyond  possible 
limits;  that  is  to  say,  the  tank  or  conduit  will  either  burst  or  the 
tank  will  be  emptied. 

Fig.  5  finally  shows  that  even  as  small  a  sudden  load  change  as 
10%  of  full  load  will  cause  surges  which  will  grow  indefinitely.  Con- 
sequently, it  is  evident  that  an  air  regulator  of  the  dimensions  indicated 
in  the  author's  example  is  not  only  entirely  inadequate  for  any  sudden 
load  changes,  but  even  spoils  regulation  altogether,  and  that  the  for- 
mulas which  the  author  has  presented  cannot  be  relied  on  for  practical 
work. 

Only  isothermal  expansion  has  been  considered  in  the  arithmetical 
work,  as  it  is  evident  that  the  use  of  adiabatic  expansion  would  have 
about  the  same  effect  as  a  smaller  tank  and  constant  temperature. 

If  this  regulator  is  in  practical  use  at  a  plant  and  does  not  give 
trouble,  it  must  be  due  to  the  presence  of  sufficient  fly-wheel  effect 
;iiid  a  slow  governor,  which  prevents  any  sudden  load  changes.  The 
(uirves  shown  prove,  however,  the  impracticability  of  the  author's 
formulas,  principally  because  of  their  disregard  of  the  governor  action. 

The  author  states :  "If  a  restricted  orifice  were  inserted  between 
the  pipe  line  and  air  tank  which  caused  a  loss  of  head  of  190  ft. 
with  the  full  load  flow  (aFj)  entering  the  tank",  the  result  would  be 
for  full  load  on :  F  =  18.Y  and  p^  =  346. 

If  the  head  were  allowed  to  drop  instantly  190  ft.,  the  normal  full- 
load  draft  velocity  would  have  to  be  increased  simultaneously  in  the 

4.59 

proportion,  -— — — ,  in  order   to   maintain    the  full   load:    but,  if   a 

4o9  —  190 

velocity  of  F  =  12.2  (full-load  velocity  corresponding  to  459  ft.  net 

head)   requires  a  pressure  head  of  190  ft.  at  the  restricted  opening, 

then  the  actually  demanded  draft  velocity  of  20.8  would  correspond 

(20  8\  ^ 
-^^)     X  190  =  552  ft.,  which  is  more 

than  the  total   available  head.     Consequently,   a  restricted  orifice  of 
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Mr.  the  size  indicated  by  the  author  would  not  permit  full  load  to  be  thrown 
wahiman.  ^^  instantaneously,  which  again  shows  how  important  it  is  to  consider 
the  governor  action. 

Should  it  be  practical,  however,  to  allow  a.  K^^  =  190,  the  port 
opening  ought  to  be  dimensioned  so  as  to  pass  a  flow  corresponding 
to  a  draft  velocity  of  20.8.  Such  a  case,  however,  has  not  been  worked 
out  by  the  writer,  as  the  velocities,  as  well  as  the  drop  in  head,  are 
too  great  to  be  practical. 

That  the  restricted  tank  opening  or  differential  feature  is  a  decided 
improvement  on  the  simple  tank,  however,  the  writer  has  had  occasion 
to  ascertain,  while  working  out  several  surge-tank  problems,  and  this 
applies  most  forcibly  in  the  case  of  the  air  tank. 

A  good  example  of  a  well  designed  air  regulator  appears  in  the 
Annual  Report  of  New  York  State  Water  Supply  Commission  for  1909, 
on  page  326. 
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Clemens  IlERSCHELjf  Past-President,  Am.  Soc.  C.  E.  (by  letter). $ 
— To  construct  and  turn  over  for  operation  a  public  work  that  has 
been  in  contemplation  for  300  years,  assuredly  makes  its  chief  engineer 
deserving  of  recognition  and  praise  from  the  profession  and  from 
the  general  public;  but  when  to  this  is  added  a  carefully  written 
account  of  the  history  of  that  work,  the  details  of  its  construction, 
and  an  engineering  treatise  on  the  underlying  principles  of  its  design 
and  operation,  the  paper  becomes  a  notable  one  for  insertion  in  the 
Transactions  of  the  Society;  and  deserving  the  thanks  of  its  members 
for  the  work  done  in  gathering  the  data  on  which  the  treatise  is 
founded,  and  in  -writing  the  paper  itself.  Especially  is  all  this  true 
in  the  present  instance,  when  so  little  is  generally  known,  even  among 
engineers,  of  tidal  action;  and  when  the  paper  may  be  expected  at 
last  to  put  a  quietus  on  a  delusion  than  which  the  pursuit  of  witchcraft 
was  no  more  brainless;  which  is  capable  of  doing  continued  enormous 
harm;  and  which  is  yet  active  among  us,  as  will  be  shown. 

These  preliminary  remarks  will  sufficiently  show  the  spirit  in 
which  the  writer  approaches  the  task  of  discussing  this  paper,  and 
may  counteract  any  notion  of  his  intending  it  to  be  mere  criticism. 
The  very  fact  of  a  high  value  set  on  the  paper,  has  engendered  in  the 
writer  a  wish  to  have  it  as  near  perfect  as  discussion  can  make  it, 
and  has  caused  him  to  contribute  what  he  can  to  that  end. 

*  This  discussion  {of  the  paper  by  William  Barclay  Parsons,  JI.  Am.  Soc.  C.  E., 
published  in  August,  1917,  Proceedings,  and  presented  at  the  meeting  of  October  3d, 
1917),  is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought 
before  all  members  for  further  discussion. 

t  New  York  City. 

X  Received  by  the  Secretary,  September  7th,  1917. 
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Mr.  Perhaps  the  most  curious  historical  statement  in  the  paper  is  the 

Herschei.  following  on  page  1038  :*  "This  contribution  of  General  Foster's 
changed  completely  the  whole  character  of  the  enterprise,  because,  after 
the  publication  of  his  report,  a  canal  with  locks  was  not  again  con- 
sidered." 

The  writer,  who  was  active  in  Cape  Cod  Canal  matters  in  1870, 
and  for  40  years  thereafter,  states  that  the  complete  reverse  of  this  is 
true.  The  charter  of  1870,  antedating  General  Foster's  report,  con- 
templated a  Cape  Cod  Canal  without  lock3,  and  no  charter  granted 
since  then  ever  was  or  yet  is  absolutely  secure  from  having  locks  foisted 
upon  it.  The  trouble  that  prejudice  and  ignorance  are  capable  of 
accomplishing  in  the  affairs  of  men  is  not  so  easily  disposed  of  as  the 
paper  before  us  would  cause  us  to  believe;  and  now  for  the  proof. 

The  following  is  from  the  letter-press  book  of  the  writer;  and  will 
the  reader  please  note  the  date: 

"Boston,  January  18,  1870. 
"Thomas  Lamb,  Esq., 

"Prest.  N.  E.  National  Bank, 
"Sir, 

"Agreeable  to  your  desire,  I  have  examined, — to  no  great  degree 
of  completeness  however, — into  the  subject  of  a  Cape  Cod  Ship  Canal. 
I  have  no  doubt  that  a  single  system  of  locks,  as  you  suggest,  is  suffi- 
cient to  operate  such  a  canal  and  is  preferable,  in  more  than  one 
respect,  to  two  systems  of  locks, — one  at  each  end, — and  I  should 
think  such  single  lock  ought  to  be  placed  over  near  the  Buzzards 
Bay  end  of  the  Canal. 

"After  due  reflection  and  some  investigation,  however,  I  think  the 
Committee  appointed  by  the  Senate  and  House  in  1860,  in  their  Report 
of  JSTovember  5,  1862,  make  a  sound  suggestion,  when  they  speak  of 
the  propriety  of  investigating, — which  has  never  been  done, — whether 
a  canal  without  locks  could  not  be  made;  by  making  the  same,  say,  20 
miles  long,  instead  of  7|  miles,  as  then  surveyed. 

"This  would  be  doing  in  canal-building  only  what  has  been  done 
on  every  Railroad  that  ever  was  built;  also  on  ordinary  canals,  etc.; 
that  is,  increasing  the  length,  to  diminish  the  descent  or  fall  per  unit 
of  length;  and  I  find  that  such  a  canal  twenty  miles  long  need  not 
have  a  greater  surface  velocity  than  2.2  miles  per  hour,  or  bottom 
velocity  so  great  as  3  ft.  per  second,  at  the  times  of  the  greatest  dif- 
ference of  level  betM^een  the  two  Bays. 

"In  case  of  a  canal  confined  by  artificial  banks  and  having  a  cur- 
rent of  3  ft.  per  second  flowing  through  it  for  a  considerable  length  of 
time,  this  velocity  would  give  good  grounds  for  apprehensions,  and  it 
might  be  impracticable  to  make  the  banks  firm  enough  to  resist  it; 
but  with  a  canal  excavated  in  the  natural  soil,  below  the  level  of  the 
surrounding  country  as  this  would  be,  and  having  the  maximum 
velocity  only  twice  in  24  hours  for  a  short  time,  the  difficulties  of  the 
case  can,  I  think,  be  boldly  met  and  overcome  by  simple  precautions 
or  remedies,  to  enumerate  and  describe  which  would  make  this  com- 

*  Proceedings,  Am.  Soc.  C.  E.,   August,   1917. 
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munication  too  long  and  elaborate.     To  give  you  an  idea  as  to  what       Mr. 
rank  such  a  velocity  of  current  is  entitled  to,  it  may  be  stated  that  Herschel. 
the  same  and  greater  velocities  exist  in  multitudes  of  inlets  found  on 
every  coast  whore  the  tide  flows  in  and  out.     High  waters  and  freshets 
in  rivers  have  velocities  as  great  as  12  ft.  per  second  and  over. 

"I  am  satisfied  that  the  cost  of  a  longer  canal  without  locks  would 
be  about  the  same  as  that  of  the  short  one  with  locks  and  artificial 
harbors;  that  it  w^ould  cost  much  less  to  operate,  and  would  be  more 
used  by  seamen.  Further,  we  are  in  the  one  case  compelled  to  accept 
of  some  inferior  harbors  or  sites  for  such,  as  termini  of  the  canal, 
while  in  the  other,  we  can  select  good  harbors  to  be  the  vestibules,  if 
I  may  so  call  them,  to  either  end  of  the  canal;  and  in  this  one  item 
alone  I  am  satisfied  that  millions  could  be  saved. 
"Very  respectfully  yours, 

"Clemens  BLerschel, 
"Civil  Engineer." 

The  "sound  suggestion"  referred  to,  is  the  one  quoted  on  page  1037* 
of  the  paper  (page  54  in  the  original  report),  beginning: 

"It  may  not  be  unreasonable  to  suppose  that  some  method  of  avoid- 
ing the  force  of  the  currents  might  be  discovered  without  the  cost  and 
delay  of  using  locks  and  gates." 

As  stated,  the  letter  above  quoted  was  written  after  only  a  very 
brief  consideration  of  the  subject,  and  errs  on  the  side  of  safety,  in 
the  endeavor  to  keep  at  a  minimum  those  terrible  currents,  which,  in 
the  popular  belief  of  the  day  (to  some  minds  yet  existing),  were  going 
to  work  havoc  with  the  geography  of  the  "Old  Bay  State." 

General  Foster's  report  is  dated  May  10th,  1870.  The  Resolve  of 
the  Massachusetts  General  Court,  in  consequence  of  which  General 
Foster's  views  were  called  for  by  a  Congressional  Committee  and  by 
the  Chief  of  Engineers,  is  dated  April  2d,  1870.  The  charter  of  1870 
is  dated  February  26th,  1870. 

To  the  best  of  the  writer's  recollection,  he  brought  to  General 
Foster's  attention,  and  advocated  directly  to  him,  the  advantages  of 
an  open  sea-level  canal;  a  form  of  canal,  which,  at  that  time,  and 
often  since,  somehow  or  other,  has  been  unpopular;  but  which,  in 
most  or  all  cases  of  a  tidal  canal,  is  the  best  form,  and  will  no  doubt 
hereafter  generally  prevail. 

It  was  General  Foster's  merit,  however,  to  cut  loose  from  the  un- 
founded fears  of  a  short-line  Cape  Cod  Canal,  one  built  on  a  route 
only  8  miles  long,  and,  by  computations,  to  show  that  the  surface  slope 
to  be  expected  on  such  a  canal,  and  their  consequently  engendered 
velocities,  need  not  be  feared  as  rendering  ordinary  steam  navigation 
impracticable.     His  report  also  points  out,  in  conclusion: 

"  *  *  *  that  it  may,  and  should  be  made  an  open  canal,  with- 
out locks,  in  order  to  accommodate  the  greatest  number  of  vessels  that 
may  present  themselves  for  passage,  and  at  the  same  time  keep  the 

•  Proceedings,  Am.  Soc.  C.  E.,  August,  1917. 
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Mr.  canal  clear  of  ice"  (and  sand,  he  might  have  added).  That  he  adds, 
ersc  e .  a*  *  *  ^^^^  ^  breakwater  at  the  eastern  terminus  is  necessary  as  a 
protection  to  the  mouth  of  the  canal,  and  important  as  a  harbor  of 
refuge  for  vessels  navigating  the  bay"  (meaning  a  breakwater,  at 
right  angles  to  the  centre  line  of  the  canal,  out  in  deep  water  of  Sand- 
wich Bay)  ;  and:  "It  is  also  proposed  to  provide,  as  a  precaution  against 
the  eilects  of  very  high  tides,  guard  gates  at  each  end  of  the  canal,  which 
may  be  closed  in  an  emergency  to  avert  danger  to  the  Canal,  but  which 
are  ordinarily  to  be  open";  with  an  allowance  of  about  3^  million 
dollars  for  breakwater  and  guard  gates;  that  he  adds  all  this  is  only 
"throwing  a  tub  to  the  whale"  of  popular  clap-trap.  But  there  was 
and  is  one  engineer,  at  least,  who  never  could  stomach  prejudice  and 
self-assertive  ignorance,  come  what  may,  and  he  kept  up  the  contest 
for  an  open  sea-level  canal  without  breakwaters,  or  guard  gates,  or 
any  other  gates,  as  will  presently  appear,  tmtil,  due  to  the  enterprise 
of  August  Belmont  and  others,  he  had  the  great  pleasure  of  navigating 
just  such  a  canal  through  Cape  Cod  in  1914. 

Before  General  Foster's  day  and  since,  many  engineers  have  con- 
sidered it  politic,  expedient,  leading  to  profit,  what  not,  to  defer  to  the 
cry  of  the  populace. 

General  Foster  could  hardly  avoid  estimating  for  the  breakwater, 
because  the  Resolve  above  referred  to,  specifically  called  for  a  break- 
water; and  the  demand  for  safeguarding  the  canal  from  those  terrible 
currents,  was  very  strong. 

General  Foster  left  Boston  in  1872,  and  died  in  1874,  and  thus  was 
prevented  from  actively  furthering  the  construction  of  any  Cape  Cod 
Canal ;  as  he  undoubtedly  would  have  done,  had  he  lived. 

There  were,  of  course,  certain  "interests"  that  did  not  want  the 
canal  built.  The  freight  traffic  between  New  York  and  Boston,  by 
railroad;  by  the  mixed  railroad  and  steamboat  lines;  and  by  one  "out- 
side" line,  was  very  comfortably  fixed;  and  ready  to  cause  others  to  let 
well  enough  alone.  It  was  easy  to  slip  a  clause  into  the  several  charters, 
looking  to  the  construction  of  locks  in,  or  enabling  certain  Boards  to 
force  them  upon  the  canal;  all  of  which  would  with  almost  certainty 
cause  that  charter  eventually  to  lapse.  For  a  canal,  frozen  up  every 
winter,  built  to  facilitate  winter  traffic  around  the  Cape,  is  palpably 
an  absurdity;  let  alone  other  most  serious  disabilities  of  such  a  canal, 
as  will  presently  appear. 

Does  any  one  think  that  these  absurdities,  and  arguments  for  having 
them  come  into  being,  are  extinct?  If  so  let  him  turn  to  page  100  of 
the  "First  Annual  Eeport  of  the  Commission  on  Waterways  and  Public 
Lands",  of  Massachusetts,  for  1916  (issued  as  this  is  written),  and  read 
as  follows:  "Requisitions  *  *  *  pending  a  determination  of  the 
question  of  a  lock,  tidal  gates  or  other  device  for  controlling  the  cur- 
rent of  the  canal,  and  of  other  matters."     Or  let  him  scan  the  much 
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abused  1917  United  States  River  and  Harbor  Bill,  the  Section  relating       Mr. 
to  tiie  purchase  and  making  of  a  free  channel  (as  it  ought  to  be),  by  **crschei. 
the  United  States,  of  the  "Waterway  connecting  Buzzards  Bay  and 
Cape  Cod  Bay,  Massachusetts",  "with  or  without  a  guard  lock." 

At  variance  with  the  statement  on  page  1038  of  the  paper,  the 
writer's  direct  professional  relations  with  the  Cape  Cod  Ship  Canal 
Company  chartered  in  1870,  did  not  begin  until  1878.  But  in  one  way 
or  another  he  had  such  relations  with  men  and  corporations  interested 
in  the  project  in  1870,  and  thereafter.  In  this  way  was  written  the 
1878  report  (forty  closely  printed  pages),  on  the  Cape  Cod  Ship  Canal, 
and,  in  1884,  the  Company  chartered  in  1883  reprinted  it  with  addi- 
tions. It  is  to  be  found  in  various  libraries,  and  is  believed  to  have 
been  useful  as  a  source  of  information  on  the  subject  ever  since. 

This  report  is  too  voluminous  to  quote.  It  advocated  for  the  first 
time  an  open  sea-level  canal,  without  locks  or  gates  of  any  kind,  no 
harbor-producing  breakwaters,  two  parallel  jetties  to  extend  the  banks 
of  the  canal  into  the  deep  water  of  Sandwich  Bay;  the  very  type  of 
canal  built  in  1909,  more  than  30  years  later.  One  feature  of  the 
report,,  of  course  now  out  of  date,  but  presumably  of  value  as  showing 
a  method  applicable  in  other  such  investigations,  was  a  determination 
of  how  much  the  carrying  of  coal  around  the  Cape,  rather  than 
landing  it  south  of  the  Cape,  had  actually  cost  for  the  10  years,  1868- 
1877,  both  inclusive.  This  was  done  by  looking  over  the  books  of 
several  coal  dealers  each  in  Boston,  Salem,  and  Lynn,  and  comparing 
these  freight  rates  paid,  with  those  paid  by  several  dealers  each  in 
Providence,  Fall  River,  and  Newport;  doing  this  for  every  month 
of  the  120  months  considered;  adjusting  the  difFerence  found  in  pro- 
portion to  the  proportional  shipments  of  coal  during  the  several 
months  in  the  year  (more  per  month  in  the  summer  than  in  the 
dangerous  winter  months)  ;  and  doing  all  this  twice,  once  with  New 
York  (Rondout),  as  the  shipping  port;  and,  again,  as  coming  from 
Philadelphia.  Two  months,  in  the  10  years,  this  difference  was  $1 
per  ton ;  and  for  2  months  it  was  nothing. 

The  true  average  difference  was  57  cents  per  ton,  shipping  from 
Philadelphia,  and  48  cents  shipping  from  New  York.  For  purposes 
of  the  report,  and  attempting  to  foretell  what  that  difference  would 
average  for  the  next  10  years,  30  cents  was  adopted.  And  attention 
was  called  to  the  effect  of  shipping  in  tows  of  barges,  etc.,  etc.  Since 
then,  the  shipments  of  coal  around  the  Capo  have  increased  about 
four-fold. 

To  justify  a  conviction  that  those  currents  that  have  been  spoken 
of  would  not  saw  the  earth  in  halves,  beginning  with- the  slight  notch 
cut  on  its  surface  by  dredges,  and  then  allowing  the  tides  to  act,  the 
author  of  the  1878  report  also  wrote  an  article,*  more  particularly 

*  Journal,  Franklin   Inst.,    May-July,    1878. 
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Mr.       for  engineers'  reading,  entitled  "On  the  Erosive  and  Abrading  Power 
Herschel.  ^f  ^ater." 

It  may  now  be  thouglit  that  this  discussion  exaggerates  the  fear 
held  by  some,  and  studiously  engendered  in  others,  as  to  the  effect 
of  the  expected  canal  currents  on  the  Canal.  To  illustrate  what  it 
was,  the  writer  remembers  that  a  colleague  and  sort  of  running  mate, 
half  surveyor,  half  astronomer,  of  "Professor"  Mitchell,  referred  to  on 
page  1036,  publicly  denounced  the  project  of  an  open  canal,  by  saying 
that  he  would  "as  soon  think  of  turning  loose  Niagara  across  the 
State  of  New  York;"  very  effective  as  a  piece  of  rhetoric,  no  doubt, 
but  less  valuable  as  an  item  of  engineering  judgment  or  knowledge. 
In  February,  1901,  the  writer  was  engaged  to  argue,  and  did  argue, 
before  the  Harbor  Commissioners  of  Massachusetts  in  favor  of  allow- 
ing the  canal  to  be  built  as  an  open  sea-level  canal.  Other  occasions 
for  the  writer's  activities  in  favor  of  an  open  sea-level  canal  at 
Cape  Cod  than  those  mentioned  came  to  pass  during  the  40  years, 
1870  to  1910,  but  it  will  be  needless  to  refer  to  them. 

Passing  now  to  Part  II,  The  Hydraulics  of  the  Cape  Cod  Canal, 
a  general  review  of  the  situation  must  bring  out,  in  strong  relief, 
the  usual  situation  with  regard  to  the  practical  hydraulic  problem 
of  the  flow  of  water  in  artificial  channels.  Formulas  based  on  data 
observed  in  any  actually  built  channel  or  channels  are  only  approxi- 
mately applicable  to  other  such  channels,  because  none  of  the  channels 
mentioned  is  ever  mathematically  uniform  or  regular  or  exactly 
similar,  in  construction;  and  when  based  on  data  procured  from 
specially  constructed  regular  channels,  is  only  approximately  appli- 
cable (by  reason  of  irregularities  found  in  them),  to  channels  as  they 
are  found  in  actual  practice. 

A  classical  example  of  the  first  part  of  the  stated  proposition  is 
that  furnished  by  a  comparison  of  the  discharge  of  the  Sudbury 
Conduit,  built  1873-1883,  supplying  Boston,  and  that  of  the  last-built 
Croton  Aqueduct,  1887-1895,  supplying  New  York  City: 

"These  two  works  were  built  under  practically  identical  leadership, 
and  under  precisely  similar  circumstances  and  conditions,  the  one 
immediately  after  the  other.  The  same  engineers,  the  same  class  of 
materials,  identical  methods  of  construction,  distinguish  them.  Most 
■excellently  conducted  gaugings  or  experiments  of  discharge  were  made 
upon  the  Sudbury  Conduit,  and  its  formula  of  discharge  was  com- 
puted when  it  was  new.  Yet  when  such  measurements  were  repeated 
on  the  newly  completed  Croton  Conduit,  only  94.5%  of  the  expected 
results  were  attained."* 

In  a  measure,  this  weakness,  or  inexactness  of  hydraulic  formulas, 
is  recognized  throughout  the  paper;  as  is  also  the  fact  that,  in  com- 
puting for  a  navigation  canal,  an  exact  mathematical  evaluation  of 

*  See  p.  77,  "115  Experiments",  by  the  writer.     John  Wiley  and  Sons,  1897. 
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expected  currents,  is  of  no  practical  value.  "The  average  skipper  Mr. 
cares  very  little  whether  he  has  to  tow  (or  run)  against  3.3,  or  3.6,  ^^''^^'**^'- 
or  3.7,  (or  4  or  5)  knots  per  hour,  for  a  distance  of  8  miles."*  The 
several  given  methods  of  computing  probable  future  velocities  in  a 
tidal  canal  are,  however,  of  value  in  giving  engineers  their  choice 
of  which  they  will  use,  and  of  catering  to  the  most  fastidious.  For 
those  who  like  computations  to  the  third  decimal  figure,  based  on  data 
that  are  not  exact  to  one  decimal  figure,  some  of  the  formulas  referred  to 
are  of  the  kind  they  like.-  Also  of  value  in  demonstrating  that  the  re- 
sults of  computation  by  any  and  all  of  the  formulas  given,  differ  only 
within  reasonable  limits.  If  formulas  for  uniform  flow  in  masonry 
conduits,  as  above  mentioned,  differ  by  5.5%,  what  can  be  expected 
of  formulas  that  deal  with  tidal  flows  in  irregular  excavations  in 
sand  and  gravel?  In  the  first  case,  million  gallons  per  24  hours 
actually  discharged  into  reservoirs  are  sought  after;  while  in  the 
latter  it  is  only  a  question  whether  the  sides  of  the  canal  can  be  made 
current-resisting,  and  the  canal  itself  navigable,  between  the  limits 
of  "slack  water",  and  a  maximum  to  be  expected  velocity. 

A  word  more  as  to  navigability  in  currents  of  different  value. 
Sailing  vessels  in  tidal  canals  can  be  left  out  of  consideration.  They 
and  small  boats  can,  if  permitted,  drift  through  with  a  favorable 
tide,  at  the  proper  hours,  or  hire  "tows."  Steamers  take  care  of 
themselves,  or  may  be  assisted  through.  As  a  matter  of  fact,  the 
channels  of  commerce  of  the  world  abound  in  swift  water  currents, 
as  shown  in  a  recordf  of  such,  prepared  by  the  late  President,  Am.  Soc. 
C.  E.,  Elmer  L.  Corthell.  They  vary,  materially:  7.5  knots  in 
the  St.  Lawrence  River;  10  knots  in  Portland  Firth;  13  knots  in  the 
Gironde,  France;  and  a  multitude  of  others.  On  rapids  in  the  Rhine, 
Elbe,  and  Rhone  Rivers,  (more  than  9  knots),  cable  towing  has  been 
in  use  for  many  years.  It  was  proposed,  if  found  necessary,  for  the 
Corinth  sea-level  canal,  but  was  not  found  necessary. 

An  along-shore  fisherman,  or  navigator,  or  draw-tender,  who  has 
known  the  Monument  River,  man  and  boy,  for  30  or  40  years,  is, 
of  course,  very  much  astonished,  or  may  even  feel  outraged,  on 
viewing  its  ancient  sea  channel,  at  an  hour,  perhaps,  when  there  is 
a  4-knot  or  even  a  5-knot  current  to  contend  wdth,  to  see  the  tide  now 
running  there.  Had  he  fished,  navigated,  or  viewed  the  Harlem  River, 
we  will  say,  between  the  Hudson  and  the  East  Rivers,  the  same  length 
of  time,  he  would  think  nothing  of  it. 

The  investigations  of  Mr.  Corthell  and  of  his  predecessors  showed 
clearly  that  uniformity  of  cross-section,  at  least  in  a  hydraulic  sense, 
(uniform  mean  hydraulic  radius,  and  uniform  depth,  also  a  good 
alignment),  were  the  great  elements  making  for  good  navigability. 

•  Journal,  Franklin  Inst.,  May-July,  1878. 

f  iletnoires,  Soci6t6  des  Ingfenieurs  Civils  dc  France,  1906. 
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Mr.  Nothing  SO  sensitive  as  a  constriction,  even  only  a  slight  one,  in  a 
Herechei.  ^jjjg^i  channel.*  Any  one  who  has  worked  in  a  tidal  stream,  with, 
say,  a  10-ft.  tide,  and  has  seen  a  roaring  tideway  quiet  down  to  slack 
water  inside  of  about  2  min.  by  the  watch,  only  to  turn  around  and 
become  a  roaring  tideway  in  the  other  direction  inside  of  another 
2  min.,  will  ever  forget  it,  and  what  it  teaches.  All  changes  of  cross- 
section  must  be  made  very,  very  gradually,  as  has  been  spoken  of  in 
the  paper  under  discussion. 

The  same  considerations  also  make  little'  better  than  arrant  non- 
sense of  the  constantly  recurring  proposition,  sometimes  in  very  high 
places,  to  put  "guard-gates",  "tide-locks",  what  not,  into  an  open 
sea-level  canal,  to  be  vised  only  occasionally.  It  would  be  impossible 
or  impracticable  to  make  such  guard-gates  or  locks,  of  an  equal 
hydraulic  radius  and  depth  and  area  as  the  main  canal;  or,  if  so 
made,  to  connect  it  to  the  main  channel  gradually,  and  by  sufficiently 
slow  degrees.  The  consequence  would  be  that  the  tidal  wave  would 
at  once  pile  up  at  such  a  constriction,  making  there  a  point  of  dan- 
gerous navigation,  back  and  forth,  as  just  referred  to.  And  as  for 
"controlling"  the  currents  in  such  a  channel,  by  the  operation  of 
such  gates,  some  of  the  time,  that  again  is  wholly  impracticable. 
A  "bear-trap"  dam  at  each  end  of  the  canal  might  do  it,  but  would 
not  be  navigable;  and  no  "gates"  of  any  kind  could  with  safety  to 
the  gates  be  operated  in  such  a  canal,  with  or  against  the  current. 

To  the  writer,  it  appears  that  "the  excellent  Homer  nods"  on 
page  1130.  Times  of  high  water  at  Stations  410  and  35,  surely  do 
not  control,  nor  are  they  in  the  main  the  results  of,  velocity  of  wave 
propagation  in  the  canal.  Times  of  high  water  at  either  end  of 
the  canal  are  almost  exclusively  dependent  only  on  times  of  high 
water  in  the  ocean  bays  at  either  end,  and  are  very  little  influenced 
by  wave  propagation,  positive  or  negative,  both  of  which  take  place, 
through  the  canal.  The  writer  has  great  respect  for  the  formula 
given  on  page  1129,  w  =  \/ g  II,  having  himself  by  experiment* 
tested  it.  Jn  his  opinion,  it  no  doubt  acts  in  full  force  and  continu- 
ously from  both  ends  of  the  Cape  Cod  Canal,  though,  on  only  8 
miles  of  length,  it  has  small  opportunity  for  producing  any  notable 
or  material  effects. 

Again,  on  page  114Y,  picking  out  "a  stretch  of  uniform  or  nearly 
uniform  cross-section",  "to  test  the  validity  of  the  equations  sup- 
posed to  furnish  the  values  for  the  elevation  of  the  water  and  velocity 
at  any  section  and  time"  will  not  overcome  the  difficulties  of  the 
case.     These  elevations  and  times,  in  the  case  of  a  tidal  canal,  oper- 

*  See  the  paper  "On  Waves  of  Translation  that  Emanate  from  a  Submerged 
Orifice,  Together  with  an  Examination  of  the  Feasibility  of  the  Proposed  Bale  Verte 
Canal",  Transactions,  Am.  Soc.  C.  E.  (July,  1875),  Vol.  iv,  p.  185,  bv  the  writer. 
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ated,  as  it  is,  by  the  great  outside  ocean  tides,  are  functions  of  every       Mr. 
foot  of  the  length  and  depth  of  that  canal,  and  of  its  varying  cross-  '^^''^c^^'- 
sections,  in  the  open  and  under  bridges,  etc.,  from  ocean  to  ocean. 

In  spite  of  what  has  above  been  said  as  to  methods  of  computing, 
the  writer  ventures  to  add  what  would  have  been  or  would  be  his 
method  of  computation,  had  he  been  or  were  he  called  on  to  com- 
pute water  heights  and  velocities  in  a  long  sea-level  canal.  It  calls 
for  no  formulas  except  r  =  C  s/ li  S  and  w  ^  /s/  g  H^  and  may  be  ~ 
gleaned  or  inferred  from  an  article  of  his,  entitled:  "On  the  Solution, 
Mainly  by  the  Aid  of  Graphical  Construction,  of  a  Problem  in  Prac- 
tical Hydraulics."*  The  diagram  accompanying  this  article  is  here- 
with reproduced  as  Plate  XLIII. 

It  will  be  noticed  that  the  method  referred  to  is  based  on  assuming 
that  the  occean  tide  rises,  not  in  the  form  of  a  sine  curve  (when 
plotted  with  respect  to  times),  but  in  steps  following  a  sine  curve 
in  outline.  Then,  by  taking  the  "tread"  of  these  steps  as  short  as 
may  be  desired,  any  desired  degree  of  coincidence  with  a  sine  curve 
rise  of  tide  may  be  attained. 

There  are  now  in  existence  and  recorded  in  engineering  literature, 
so  far  as  the  ^vl•iter  knows,  just  five  open  sea-level  canals : 
Suez  Canal, 
Corinth  Canal, 
East  Bay  Neck  Ship  Canal, 
Pamlico  Sound-Beaufort  Canal, 
Cape  Cod  Canal. 

The  "Kiel  Canal"  would  be  another,  only  that,  for  purposes  of 
marsh  drainage  along  its  line,  it  was  necessary  to  put  in  lock  gates  at 
either  end,  and  keep  the  canal  level  at  mean  level  of  the  sea. 

The  first  three  named  have  been  discussed  by  the  writer,!  together 
with  the,  at  that  time,  only  projected  Panama  Canal.  So  was  the 
Cape  Cod  Canal  at  that  time,  only  a  projected  canal;  likely  to 
remain  a  mere  project  for  another  century  or  so,  by  all  the  unkind 
(as  we  will  call  them)  things  said  of  open  sea-level  canals  in  reports 
on  the  Panama  Canal.  A  contention  in  favor  of  an  open  sea-level 
canal  at  Cape  Cod  can  be  read  between  the  lines  of  much  that  the 
writer  then  wrote  about  a  sea-level  canal  at  Panama;  and  proof  direct 
could  be  given,  how  some  of  the  intended  decrying  of  open  sea-level 
canals,  intended  to  bolster  up  the  agitation  in  favor  of  a  lock  canal 
at  Panama,  was  designedly  brought  to  naught,  as  a  protection  to  a 
future  building  of  an  open  sea-level  canal  at  Cape  Cod. 

That  the  Panama  Canal  was  built  as  a  lock-canal  should  disturb 
no    one.      The   hydraulic   questions    involved   were   admittedly    never 

•  Journal,  Franklin   Inst.,    1871-72,   pp.   105   and   181. 
^Transactions,  Am.   Soc.  C.   E.    (June,  1906),   Vol.  L.VI,  p.   206. 
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Mr.  properly  considered,  for  the  reason,  as  given,  that  "the  limited  time 
available  to  the  Board  [of  Consulting  Engineers]  has  not  permitted 
the  full  consideration  of  this  question,  which  is  desirable;"  a  polite 
shirking  of  duty  in  an  important  matter,  probably  without  parallel 
in  engineering  history. 

It  has  now  been  given  to  Mr.  Parsons  to  demonstrate  by  physical 
facts,  and  by  the  first  comprehensive  treatise  on  sea-level  canals 
written  in  the  English  language,  accompanying  a  work  of  which  he 
was  the  Chief  Engineer,  that  sea-level  canals  are  amenable  to  common 
sense  and  to  engineering  computations.  This,  and  the  fact  that  he 
was  one  of  the  three  American  engineers  on  the  Board  of  Consulting 
Engineers  (William  H.  Burr,  M.  Am.  Soc.  C.  E.,  and  Gen.  George  W. 
Davis  were  the  two  others)  who,  in  1905,  did  not  join  in  the  hue  and 
cry  for  a  lock  canal  at  Panama,  but  voted  with  the  majority  of 
the  Board  composed  of  these  three,  together  with  all  the  well- 
informed  British,  French,  Dutch,  and  German  engineers  selected 
by  their  respective  Governments  as  life-long  experts  on  the  questions 
involved,  make  up  a  record  of  which  any  hydraulic  engineer  may  be 
proud,  and  to  which  the  writer  believes  time  will  only  add  high 
repute  and  renown. 

(Mr.  Herschel  attended  the  meeting  at  which  Mr.  Parsons'  paper 
was  presented;  he  did  not  read  the  foregoing  written  discussion,  but 
addressed  the  Society  as  follows:) 

The  speaker  has  written  a  discussion  on  this  paper,  but,  instead  of 
reading  it,  he  will  consider  the  Cape  Cod  Canal  from  another  angle 
than  that  from  which  he  viewed  it  in  the  foregoing  discussion. 

This  paper  is  very  important,  for  more  reasons  than  one.  If  one 
looks  at  a  map  of  the  United  States  and  follows  carefully  the  inland, 
or  nearly  inland,  waterways  along  the  east  coast,  one  will  soon  come 
to  the  conclusion  that  it  would  not  require  much  of  an  engineering 
undertaking  to  enable  a  vessel  to  go  from  Massachusetts  Bay  to  the 
Gulf  of  Mexico  by  an  inside  passage.  It  is  almost,  or  wholly,  possible 
now  for  very  small  craft,  and  one  can  see  clearly  that,  before  a  hun- 
dred years  have  gone  by — or  possibly  before  20  years — that  route  will 
be  open  for  vessels  of  possibly  25  or  30  ft.  draft. 

Now,  this  Cape  Cod  Canal  may  be  considered  as  the  first  link  in 
that  chain  of  communications,  important  for  freight  traffic,  and  of 
the  greatest  importance  as  a  measure  of  national  defence. 

There  is  in  existence  an  association,  called  the  Atlantic  Deeper 
Waterways  Association,  which  has  as  its  object  the  construction  of  an 
inside  waterway  all  along  the  eastern  coast  of  the  United  States,  and 
for  the  last  10  years  it  has  advocated  this  project.  A  Member  of  Con- 
gress, J.  Hampton  Moore,  seems  to  have  made  this  his  life  work,  and 
every  year  this  association  has  excursions  over  and  inspections  of  parts 
of  this  waterway.     Thus  far,  that  seems  to  have  been  the  only  method 
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of  afjitating  tlie  subject.     It  is  hoped  that  in  the  course  of  time  the       Mr 


prosecution  of  the  public  works  of  the  United  States  will  be  carried 
on  in  a  more  rational  way  than  by  pullinj?  and  haulinf?  and  junketing 
and  picnickinj?.  All  are  agitating  for  such  improved  and  more  rational 
ways  of  selecting  needed  public  works,  and  there  is  good  reason  for 
believing  that  we  are  on  the  very  threshold  of  a  rational  method  of 
making  such  a  selection. 

It  may  not  have  been  noticed  by  all  engineers,  but  the  last  river 
and  harbor  bill  had  incorporated  with  it  a  clause  providing  for  the 
formation  of  what  has  been  called  the  Waterways  Commission.  The 
speaker  thinks  that  this  clause  has  been  so  little  noticed  that  he  will 
venture  to  read  what  this  waterways  commission  proposes  to  create 
and  do.    It  has  been  enacted : 

"That  a  commission,  to  be  known  as  the  Waterways  Commission, 
consisting  of  seven  members  to  be  appointed  by  the  President  of  the 
United  States,  at  least  one  of  whom  shall  be  chosen  from  the  active  or 
retired  list  of  the  Engineer  Corps  of  the  army,  at  least  one  of  whom 
shall  be  an  expert  hydraulic  engineer  from  civil  life,  is  hereby  created 
and  authorized,  under  such  rules  and  regulations  as  it  may  adopt,  to 
bring  into  co-ordination  and  co-operation  the  engineering,  scientific 
and  constructive  services,  bureaus,  boards  and  commissions  of  the 
several  governmental  departments  of  the  United  States  and  commis- 
sions created  by  Congress  that  relate  to  study,  development  or  control 
of  waterways  and  water  resources  and  subjects  related  thereto,  or  to 
the  development  and  regulation  of  interstate  and  foreign  commerce, 
with  a  view  to  uniting  such  services  in  investigating,  with  respect  to 
all  watersheds  in  the  United  States,  questions  relating  to  the  develop- 
ment, improvement,  regulation  and  control  of  navigation  as  a  part  of 
interstate  and  foreign  commerce,  including  therein  the  related  ques- 
tions of  irrigation,  drainage,  forestry,  arid  and  swamp  land  reclama- 
tion, clarification  of  streams,  regulation  of  flow,  control  of  floods,  utili- 
zation of  water  power,  prevention  of  soil  erosion  and  waste,  storage 
and  conservation  of  water  for  agricultural,  industrial,  municipal  and 
domestic  uses,  co-operation  of  railways  and  waterways,  and  promotion 
of  terminal  and  transfer  facilities,  to  secure  the  necessary  data,  and 
to  formulate  and  report  to  Congress  as  early  as  practicable  a  com- 
prehensive plan  or  plans  for  the  development  of  waterways  and  the 
water  resources  of  the  United  States  for  the  purposes  of  navigation 
and  for  every  useful  purpose,  and  recommendations  for  the  modifica- 
tion or  discontinuance  of  any  project  herein  or  heretofore  adopted." 

Then  follows  a  provision  for  pay  and  compensation  of  members, 
and  other  clauses  which  it  is  not  necessary  to  read;  but  that  gives  one 
an  idea,  and  the  speaker  thinks  that  all  will  agree  with  him  that  the 
intention  of  the  draftsman  was  at  least  comprehensive,  and  that  we 
may  hope  that  some  good  will  come  of  it. 

ISTow,  the  Cape  Cod  Canal  is  a  public  work,  completed  by  private 
enterprise,  which  is  directly  in  line  with  this  clause  which  has  just  been 


Herschel. 
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Mr.      quoted,  and  it  is  to  be  hoped  that  this  commission  will  continue  the 
Herschel.  j  ^ 

good  work. 

A  right  of  way  for  a  sea-level  canal,  without  locks,  from  New  York 
Harbor  to  the  Delaware  River  has  been  promised  by  the  State  of  New 
Jersey;  the  routes  have  been  surveyed  by  the  United  States  Engineers 
and  no  difficulties  have  been  found.  There  is  a  canal  now  from  the 
Delaware  River  to  Chesapeake  Bay,  and  so  on.  There  are  several  other 
small  canals  that  could  be  widened  and  deepened.  One  of  these,  on 
the  same  line,  is  already  a  reconstructed  sea-level  canal;  and,  for  such 
reasons  as  the  speaker  has  given,  he  thinks  this  paper  of  great  impor- 
tance, and  that  the  uses  of  the  canal  will  grow  as  time  goes  along. 

Mr.  T.  Kennard  Thomson,*  M.  Am.  Sog.  C.  E. — The  Society  is  much 

Thomson.  ij^(jg]3tP(j  ^0   ]\j;j._   Parsons  and   Mr.   Douglas  for  a   well-prepared   and 

well-presented  paper  on  this  interesting  work,  and  Mr.  Belmont  and 

his  associates  deserve  the  thanks  of  the  entire  country  for  carrying 

through  a  much  needed  public  work  as  a  private  enterprise. 

It  can  easily  be  understood  why  it  was  necessary  to  economize  on 
width,  depth,  etc.,  but,  now  that  the  enormous  future  value  of  this 
canal  must  be  apparent,  the  Government  should  give  every  aid  and 
encouragement  to  the  efforts  to  obtain  an  ultimate  depth  of  at  least 
40  or  45  ft.,  an  ultimate  width  of  at  least  1  000  ft.,  and,  eventually, 
instead  of  bridges,  tunnels  carrying  traffic  under  the  canal.  These 
figures  may  sound  fantastic,  but  they  are  not;  although  the  speaker 
may  be  laughed  at  now  for  seeing  "too  much",  he  may  also  be  laughed 
at  by  future  generations  for  not  seeing  far  enough. 

The  Atlantic  Deeper  Waterways  system  which  Mr.  Herschel  has 
explained  so  well  (the  speaker  has  also  been  a  member  of  the  Deeper 
Waterways  Association  for  some  years)  will  eventually  result  in  deep 
inland  waterways  from  Boston  to  Florida.  It  is  true  that,  at  present, 
the  Hon.  J.  Hampton  Moore  only  contemplates  a  depth  of  12  ft.,  or 
less,  in  some  places,  but,  as  soon  as  these  depths  are  obtained,  greater 
and  greater  depths  will  be  insisted  on.  A  glance  at  a  map  of  the 
Atlantic  Coast  will  astonish  most  people  by  showing  how  comparatively 
few  links  of  canals  will  be  required  to  complete  the  inland  waterways 
from  Boston  to  Florida  and  from  New  York  to  the  Great  Lakes. 

The  speaker  takes  this  opportunity  to  "report  progress"  on  his 
project  for  "A  Really  Greater  New  York",  which  will  afford  the  most 
important  link  in  this  chain  of  inland  waterways.  After  working 
nearly  every  day  for  six  years  and  writing  repeatedly  to  three  Gov- 
ernors of  New  York  State  and  two  of  New  Jersey,  as  well  as  to  two 
Mayors  of  New  York  City,  and  many  prominent  men,  and  addressing 
this  Society  on  more  than  one  occasion,  the  speaker  is  delighted 
to  state  that  real  progress  has  been  made,  for  Governor  Whitman  and 

*  New  York  City. 
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Governor   Edge   have   appointed   a   joint   board   to   make   this   harbor       Mr. 
proposition  an  interstate  affair.     These  men  are:  Messrs.  William  R. 
Willcox,  Chairman,  J.   Spencer  Smith,  Vice-Chairman,  E.  H.   Outer- 
bridge,  Arthur  Curtiss  James.  De  Witt  Buskirk,  and  Frank  E.  Ford, 
with  Gen.  Goethals  for  Chief  Consulting  Engineer. 

The  speaker  has  photographs  of  a  suction-dredge,  having  a  dis- 
charge pipe  42  in.  in  diameter,  now  used  in  Egypt.  It  was  designed 
by  A.  W.  Robinson,  M.  Am.  Soc.  C.  E.,  undoubtedly  the  greatest 
authority  on  dredges.  The  actual  work  of  this  dredge  has  been  50  000 
cu.  yd.  per  day,  at  a  cost  of  less  than  1  cent  per  yd. 

When  the  "Really  Greater  'New  York"  project  is  started,  we  will 
probably  have  several  of  these  machines  and  will  be  glad  to  lend  them 
to  the  Cape  Cod  Canal — between  times — to  widen  and  deepen  the 
canal  as  will  be  required. 

The  speaker  does  not  think  it  safe  to  assume  that  there  will  be  no 
danger  from  the  teredo  at  Cape  Cod,  for  he  was  called  in  a  few  years 
ago  to  examine  a  bridge  at  Fall  River,  where  one  pier  had  settled 
2  ft.  over  night.  This  condition  was  due  to  the  teredo  destroying  the 
piles  within  tw^o  years  of  the  time  the  bridge  was  built. 

Many  think  that  the  teredo  attacks  only  at  or  near  the  surface  of 
the  water.  In  this  case,  however,  the  piles  had  been  cut  off  45  ft. 
below  the  surface,  and  the  pier  (granite  face  and  concrete  backing) 
had  been  built  on  a  4-ft.  grillage,  as  the  grillage  was  sunk  to  the  tops 
of  the  piles.  The  speaker  saw  one  of  the  pile  heads  which  was  brought 
up  and  split  open,  showing  both  live  teredo  and  live  limnoria  hard 
at  work. 

The  pier  had  settled  2  ft.  at  one  end,  so  a  coffer-dam  was  built 
around  it,  concrete  was  forced  under  the  grillage,  and  the  bridge  seat 
was  restored  to  its  proper  level,  with  satisfactory  results. 

New  York  Harbor  is  now  safe  from  the  ravages  of  the  teredo, 
but  when  the  speaker's  project  for  "A  Really  Greater  New  York", 
which  involves  great  trunk  sewers  down  the  present  bed  of  the  East 
River,  also  through  New  Jersey  to  a  point  some  20  miles  away  from 
Sandy  Hook,  is  accomplished,  the  rivers  and  bays  of  New  York  City 
will  be  safe  to  fish  and  swim  in.  and  the  piles  of  the  wharves  will  have 
to  be  protected  against  the  teredo. 
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Charles  H.  Lee,:}:  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). § — The 'Mr. 
author  has  presented  a  remarkably  clear  and  concise  analysis  of  ^^" 
hydraulic  conditions  in  the  San  Bernardino  Basin,  and  has  added  a 
valuable  contribution  to  scientific  ground- water  literature.  ||  His  long- 
term  comparisons  of  residual  mass-curves  of  rainfall  and  run-off  and 
well  and  Artesian  stream-flow  fluctuations,  are  especially  illuminating. 
The  writer  was  much  interested  to  find  that  the  author,  with  additional 
data  for  4  years  and  well  records  not  previously  available,  has  reached 
practically  the  same  conclusions  as  he  himself  reached  in  1912  after 
an  extended  study  of  the  situation. 

The  conclusions  which  the  writer  draws  from  the  paper  with 
regard  to  the  local  conditions  in  the  San  Bernardino  Basin  are: 

1. — That  ground- water  levels  and  the  associated  phenomena  of 
Artesian  pressure,  Artesian  well  flow,  and  Artesian  spring  and  stream 
flow,  in  the  San  Bernardino  Basin,  have  wide  natural  flucttiations 
corresponding  to  the  broad  variations  in  annual  rainfall  and  run-off. 

*  This  discussion  (of  the  paper  by  A.  L.  Sonderegger,  M.  Am.  Soc.  C.  E.,  publifihed 
in  September,  1917,  Proceedings,  and  presented  at  the  meeting  of  October  17th,  1917), 
is  printed  in  Procccdinris  in  order  that  the  views  expressed  may  be  brought  before  all 
members  for  further  discussion. 

t  This  discussion  was  presented  before  the  Southern  California  Association  of 
Members  of  the  American  Society  of  Civil  Engineers,  at  its  meeting  of  April  11th,  1917. 

t  Los  Angeles,  Cal. 
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Mr.        2. — That,  thus  far  in  its  history,  artificial  extractions  and  absorp- 

^'^^'  tion   have  had  but  a  minor  effect  on  these  natural  fluctuations,  the 

predominating  influence  being  natural  rainfall  and  rim-oft"  variations. 

3. — That,  in  the  main,  the  supply  of  the  Basin  is  not  being  over- 
drawn or  depleted  by  artificial  means,  except  in  the  northwest  or 
Lytle  Creek  arm. 

4. — That  artificial  additions  to  the  ground-water  supply  of  the 
Basin  by  water-spreading  on  the  upper  portion  of  the  Santa  Ana 
cone  have  benefited  that  supply  by  bringing  about  a  quicker  return 
to  normal  conditions  after  the  drought  ending  in  1904,  and  have  pro- 
vided an  element  of  insurance  against  a  new  series  of  dry  years. 

These  conclusions,  with  regard  to  local  conditions,  the  writer 
believes,  are  all  in  agreement  with  those  of  the  author, 

A  point  on  which  the  author  has  not  dwelt,  but  which  the  writer 
regards  as  an  important  one  from  the  standpoint  of  the  future  history 
of  the  Basin,  is  the  extent  of  the  surplus  which  remains  imdeveloped. 
The  writer  believes  that,  as  long  as  swamp  areas  persist  within  the 
boundaries  of  the  Artesian  basin,  there  is  a  large  undeveloped  surplus, 
represented  by  the  evaporation  and  transpiration  losses  from  the  moist 
soil  and  vegetation.  The  area  of  swamp  land,  although  decreased  in 
extent  about  40%  in  1904,  still  embraced  in  that  year  more  than  10 
sq.  miles,  and  has  been  steadily  increasing  since  then.  The  annual 
volume  of  water  lost  by  evaporation  and  transpiration  from  the  10  sq. 
miles  of  swamp  in  1904,  represented  at  least  25  000  acre-ft.,  or  nearly 
70  sec-ft.,  during  the  irrigation  season.  This  loss  is  capable  of  devel- 
opment by  any  means  that  will  lower  the  plane  of  saturation  below 
the  ground  surface  beyond  the  capillary  limit  of  from  6  to  8  ft.  The 
latter  may  be  accomplished  by  complete  relief  of  Artesian  pressure,  or  by 
local  drainage,  either  with  tile  or  shallow  pvimping  on  an  extensive 
scale. 

Passing  from  matters  of  strictly  local  inteiest,  the  writer  recog- 
nizes two  general  conclusions  to  be  drawn  from  the  paper: 

1. — The  residual  mass-curves  of  rainfall  and  run-off  are  very  useful 
in  determining  the  natural  tendencies  of  the  water-plane  and  related 
Artesian  phenomena  in  an  underground  basin.  The  writer  would 
not  call  them  safe  criteria,  however,  without  certain  qualifications. 
First,  the  rainfall  and  run-off  records  should  be  of  siofficient  length 
to  have  established  stable  average  seasonal  values,  otherwise  the  curves 
may  be  distorted  too  badly  to  interpret  their  meaning.  Records  should 
be  at  least  30  years  in  length,  although  longer  periods  are  to  be  pre- 
ferred. Comparison  of  Figs.  1  to  3  shows  that  slight  modifications 
of  the  curve  result  from  extending  the  period  from  30  to  40  and  45 
years.  Second,  the  curves  must  be  properly  interpreted.  It  should 
be  recognized  that  the  zero  line  does  not  necessarily  represent  average 
conditions  of  ground-water  level.    The  accumulated  deficiency  or  excess 
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of  rainfall  or  run-off  at  the  beginning  of  a  period  under  investigation  Mr. 
is  usually  unknown.  The  author  has  assumed  it  to  be  zero.  As  a  ^®*' 
matter  of  fact,  it  probably  differs  from  zero,  and  the  curve  as  a  whole 
should  be  either  raised  or  lowered  with  respect  to  the  zero  line.  This 
fact  does  not  affect  the  shape  of  the  curve,  however,  and  it  is  this 
from  which  the  most  useful  information  can  be  gained.  Third,  it 
should  also  be  remembered  that  the  quantity  of  rainfall  or  run-off 
bears  no  direct  relation  to  the  volume  of  absorption.  The  depleted 
basin  might  be  almost  fully  replenished  by  one  very  heavy  year,  such 
as  1883-84,  and  the  absorption  during  succeeding  wet  years  might 
be  small,  due  to  the  inability  of  the  basin  to  receive  further  accretions; 
on  the  other  hand,  rainfall  and  run-off,  although  large  during  a  given 
year,  might  not  be  excessive  with  respect  to  the  volume  of  depletion, 
and  a  number  of  such  years  in  succession  might  be  required  to  fill 
the  basin,  as,  for  example,  the  period  from  1904  to  date.  These 
conditions  would  result  in  a  disproportionately  high  peak  in  the 
mass-curve  in  1892-93  as  compared  with  1915-16,  and  equal  peaks  would 
occur  in  the  grovmd-water  and  Artesian  phenomena.  Examination 
of  Figs.  7  to  14  indicates  that  the  actual  state  of  affairs  was  as  just 
described.  It  is  obvious,  therefore,  that  no  horizontal  line  can  be 
drawn  on  a  rainfall  or  run-off  residual  mass-curve  which  will  accurately 
represent  average  conditions  with  respect  to  ground-water  levels.  The 
critical  ground-water  stages,  the  rapidity  of  change  from  one  stage 
to  another,  and  the  general  tendency  during  any  period,  however,  are 
shown  very  clearly  and  accurately  by  such  curves. 

2. — Evidences  of  over-draft  on  ground-water  supply  exist  in  a 
basin,  if  during  a  period  of  several  years  of  accumulating  excess  rain- 
fall and  run-off,  such  as  that  since  1904,  there  is  not  a  corresponding 
recovery  of  any  or  all  of  the  following:  Ground- water  level  in  wells 
outside  the  pressure  area;  Artesian  pressure  within  the  pressure  area; 
Artesian  flow  from  wells;  and  flow  of  springs  or  streams  fed  from 
ground-water,  or  the  area  of  permanent  swamp  land  or  cienaga.  The 
last  of  these  phenomena  the  author  has  not  discussed  comprehensively 
in  his  paper.  The  writer  regards  it  as  a  natural  barometer  of  Artesian 
conditions,  and  one  about  which  fairly  accurate  information  can  usually 
be  obtained  from  residents  in  the  locality.  Evaporation  from  such  an 
area  is  one  of  the  natural  outlets  of  an  Artesian  basin,  and  its  area 
from  time  to  time  indicates  the  relative  volumes  of  waste  from  the  basin. 
Taking  up  the  paper  more  in  detail,  there  are  several  minor  points 
on  which  the  writer  wishes  to  comment. 

The  author  states  that  "the  hydraulic  head  at  any  point  [in  the 
surface  of  the  Artesian  basin]  is  equivalent  to  the  difference  of  the 
topographic  elevation  between  that  point  and  the  Artesian  rim."  The 
writer  would  qualify  this  by  deducting  pressure  losses  within  the 
Artesian  basin.    There  is  continued  leakage  from  the  basin,  and  move- 
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Mr.  nient  of  ground-water,  with  accompanying  hydraulic  friction  losses. 
Lee.  r^YiQ  line  of  hydraulic  pressure  has  a  slope  within  the  Artesian  basin 
just  as  in  a  pipe  line.     This  is  clearly  shown  by  Fig.  6. 

The  author  speaks  of  evaporation  from  swamps  in  Southern  Cali- 
fornia as  being  96  in.,  or  33%  greater  than  from  a  free  water  surface. 
The  writer  has  made  extensive  investigation  of  this  subject,  and  believes 
that  the  author's  figure  is  a  little  high.  For  wet  swampy  ground  with 
vegetation  and  without  an  excessive  accumulation  of  alkali  salts,  the 
writer  found  the  losses  to  be  about  15%  greater  than  that  from  the 
surface  of  a  large  body  of  water.  For  wet  bare  soil,  with  the  plane  of 
saturation  practically  at  the  surface,  he  has  found  it  slightly  less,  the 
quantity  being  more  than  90%  of  that  from  a  free  water  surface.  For 
greater  depths  to  the  plane  of  saturation,  the  losses  decrease  until  the 
limit  of  capillary  action  is  reached  at  from  6  to  9  ft.  below  the  surface. 

The  writer  does  not  fully  agree  with  the  author  in  his  method  of 
determining  the  effect  of  water-spreading  on  the  Santa  Ana  cone.  His 
reasons  are  as  follows : 

1. — Comparisons  of  the  volume  of  water  equivalent  to  the  annual 
rise  or  lag,  in  feet,  which  the  author  states  is  due  to  water-spreading,  do 
not  agree  with  the  volumes  of  water  actually  spread. 

The  author  ascribes  an  additional  rise  of  the  water  plane,  due  to 
water-spreading,  of  1.3  ft.  over  about  15  000  acres  of  the  Santa  Ana 
cone  during  the  season  of  1912-13.  The  actual  volume  spread  was 
3  066.7  acre-ft.  (Table  3),  which,  assuming  a  porosity  of  one-third, 
would  represent  a  depth  of  only  0.6  ft.  instead  of  1.3  ft.,  as  the  author 
determines  from  the  fluctuations  of  the  Williams'  well.  Again,  the 
author  concludes  that  the  permanent  result  of  water-spreading  has  been 
to  raise  the  average  ground-water  level  from  3  to  4  ft.  over  the  Santa 
Ana  cone,  above  what  it  would  have  been  if  no  spreading  had  occurred. 
The  average  annual  volume  spread  for  the  past  five  seasons  is  12  460 
acre-ft.  (Table  3),  of  which  50%  (Table  3)  woidd  have  been  absorbed 
from  the  natural  stream  if  not  spread.  Approximately,  one-third  of 
the  latter  would  have  been  absorbed  below  the  present  spreading  ground 
near  the  Artesian  rim,  however,  and  would  have  soon  escaped  (Table 
2).  The  net  annual  volume  absorbed  as  a  result  of  water-spreading, 
therefore,  is  approximately  8  000  acre-ft.  Assuming  a  porosity  of  one- 
third,  this  represents  a  ground-water  rise  of  1.6  ft.  over  15  000  acres, 
instead  of  from  3  to  4  ft.,  as  estimated  by  the  author. 

2. — Conclusions  based  on  the  Williams'  well  alone  do  not  neces- 
sarily apply  to  the  whole  cone.  To  be  sure,  the  Williams'  well  is  near 
the  ground-water  outlet,  and  its  fluctuations,  if  unaffected  by  artificial 
draft,  should  be  less  than  from  places  higher  up  on  the  cone.  On  the 
other  hand,  it  is  near  the  area  in  which  the  Gage  Canal  wells  are 
situated,  and  is  directly  below  and  in  the  line  of  advance  of  water 
absorbed  on  the  spreading  grounds.     Fully  half  the  area  of  the  cone  is 
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south  of  the  spreading  grounds,  and  not  in  the  direction  of  the  steepest  Mr. 
ground-water  slope.  Considering  the  cone  as  a  whole,  the  writer  does  ^^' 
not  helieve  that  the  lluctuation  in  the  Williams'  well  is  even  an  approxi- 
mate measure  of  the  average  fluctuation  over  the  whole  cone.  The  only 
certain  method  of  determining  the  latter  is  from  detailed  ground-water 
contour  maps  based  on  records  at  numerous  wells,  both  wathin  and 
surrounding  the  spreading  ground,  and  showing  the  ground-water  ele- 
vation throughout  the  cone  at  successive  dates.  Such  maps  would  afford 
a  simple  and  comprehensive  basis  for  the  solution  of  the  problem  both 
of  the  quantitative  benefit  of  spreading  and  also  the  probable  area  re- 
ceiving the  greatest  benefit,  if  any. 

The  writer,  however,  does  not  wnsh  to  be  understood  as  taking  the 
position  that  tlie  Williams'  well  does  not  show  the  effect  of  water- 
spreading.  On  the  contrary,  he  believes  that  this  record  affords  evi- 
dence of  the  type  he  failed  to  find  in  1912,  namely,  observations  of 
ground-water  fluctuations  in  the  vicinity  of  the  spreading  grounds.  The 
point  on  which  he  differs  from  the  author  is  in  the  quantitative  effect 
which  water-spreading  has  had  on  the  general  rise  of  the  plane  of 
saturation  on  the  Santa  Ana  cone.  The  writer  would  be  inclined  to 
place  the  actual  annual  average  ground- water  rise  due  to  water-spread- 
ing at  from  1  to  2  ft.,  instead  of  from  3  to  4  ft.,  as  does  the  author. 
This  rise  is  greatest  within  the  spreading  grounds  and  directly  west 
thereof,  being  comparatively  small  to  the  north  and  south  of  the  spread- 
ing ground. 

The  important  point  which  the  author  has  brought  out,  and  with 
which  the  writer  agrees,  is  that,  as  a  result  of  water-spreading,  an 
average  annual  volume  of  12  000  acre-ft.  has  been  absorbed  on  the  upper 
Santa  Ana  cone,  of  which  50%  would  otherwise  have  flowed  immediately 
to  the  ocean  as  flood  water,  and  approximately  17%  would  have  been 
absorbed  so  low  on  the  cone  that  it  would  have  rapidly  escaped  into 
the  stream.  The  net  result  is  the  annual  storage  of  at  least  8  000 
acre-ft.  of  water  at  a  point  on  the  cone  from  which  it  cannot  escape 
for  a  period  of  2  years  or  more,  and  is  thus  available  as  a  dry-year 
reserve  for  pumping  or  Artesian  draft  from  wells.  The  writer  heartily 
agrees  with  the  author  that  water-spreading  should  be  confined  to  the 
upper  cone,  and  should  bo  carried  on  in  dry  as  well  as  in  wet  years. 
The  greater  the  volume  of  flood  and  winter  water  w'hich  can  be  thus 
stored  in  the  gravels,  the  more  valuable  will  this  work  become. 

The  writer  notes  with  interest  the  author's  data  with  respect  to  the 
results  obtained  by  the  three  different  methods  of  water-spreading.  The 
relative  simplicity  and  low  cost  of  surface  spreading  would  seem  to 
indicate  that  the  use  of  shafts  is  not  desirable  unless  the  area  of  the 
spreading  ground  is  restricted.  The  quantity  of  water  which  the 
author  states  was  absorbed  by  each  shaft  is  less  than  that  which  the 
writer   understands   was    absorbed   by    similar   shafts   in    Lytic    Creek 
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Mr.  Canyon.     The  writer  was  informed  in  1912  by  Mr.  C.  M.  Racor,  Engi- 
^^'  neer  for  the  Fontana  Development  Company,  that  each  of  these  shafts 
absorbed  from  1  to  2  sec-ft. 

The  writer  has  had  opportunity  to  investigate  a  number  of  the 
ground-water  basins  of  Southern  California  during  recent  years,  and 
has  found  that  not  all  have  recovered  from  the  low-water  conditions  of 
1904.  The  great  coastal  plain  Artesian  basin,  for  instance,  remains 
generally  in  the  same  condition  as  in  1904,  and,  locally,  the  height  of 
the  water  plane  and  Artesian  pressures  have  diminished  to  even  a 
greater  extent  than  in  that  year.  This  is  due  in  part  to  the  extensive 
pumping  developments  since  1904,  but  more  particularly  to  the  wasteful 
practice  of  allowing  Artesian  wells  to  flow  without  restrictions  during 
the  winter.  These  wells  are  situated  principally  along  the  lower  edge 
of  the  basin,  and  the  water  thus  escaping  serves  no  useful  economic 
purpose. 

Another  basin  which  has  not  recovered  and,  in  fact,  has  steadily 
fallen  since  1904,  is  the  Perris  Valley.  This  is  apparently  due  to  over- 
draft by  pumping.  Much  of  the  water  thus  developed  is  used  outside 
the  valley. 
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Arthur  E.  Morgan,!  M.  Am.  Soc.  C.  E.  (by  letter).:}: — At  the  time     Mr. 
of  liis  last  visit  to  Dayton,  about  a  year  ago.  Gen.  Chittenden  realized    °'''^'"^ 
that  he  had  not  much  longer  to  live,  and  stated  that  he  considered  his 
services  to  The  Miami  Conservancy  District  to  be  his  last  engineering 
work.     He  made  a  deep  impression  on  the  engineers  and  officers  of  the 
District,  most  of  all  because  of  his  fine  personal  qualities. 

Gen.  Chittenden  was  first  called  to  the  service  of  The  Miami  Con- 
servancy District  when  the  feasibility  of  the  retarding  basin  system 
was  under  discussion.  He  was  persistently  quoted  at  that  time  as 
being  opposed  to  such  a  system,  and  his  published  writings  indicated 
a  disbelief  in  the  value  of  permanent  reservoirs,  at  least,  as  a  gen- 
erally acceptable  means  for  flood  control.  Therefore,  though  he  was 
personally  unknown  to  the  engineers  and  officials  of  the  District,  it 
seemed  probable  that  he  would  supply  a  definitely  critical  attitude 
which  would  tend  to  develop  any  essential  weakness  in  the  pro- 
posed plan. 

His  first  visit  was  coincident  with  that  of  several  other  engineers. 
Later,  he  returned  alone,  and  spent  more  than  a  month  in  a  detailed 
examination  of  the  design.     As  he  was  unable  to  walk,  his  work  was 

*  This  discussion  (of  the  paper  by  the  late  H.  M.  Chittenden,  M.  Am.  Soc.  C.  E., 
published  in  September,  1917,  Proceedings,  and  presented  at  the  meeting  of  October 
17th,  1917),  is  printed  in  Proceedings  In  order  that  the  views  expressed  may  be 
brought   before   all   members   for  further   discussion. 

t  Dayton.  Ohio. 

t  Received  by  the  Secretary,  October  17th,  1917. 
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Mr.  done  almost  entirely  in  his  room,  though  he  visited  by  automobile  the 
Morgan,  gj^gg  of  practically  all  the  works.  Mrs.  Chittenden  accompanied  him 
on  all  his  trips  to  care  for  his  physical  needs. 

His  mind  was  exceedingly  active  and  restless,  and  he  worked 
steadily  from  8  to  12  hours  a  day  for  7  days  in  the  week.  His  demand 
for  data  from  the  Engineering  Department  seemed  never  to  be  satis- 
fied. During  the  time  he  was  with  the  District,  the  programme  of  the 
Engineering  Office  was  interrupted  to  a  considerable  extent  by  his 
omnivorous  appetite  for  more  information.  From  6  to  12  men  were 
commonly  employed  in  arranging  and  classifying  data  and  in  making 
calculations  for  him,  and  a  considerable  part  of  each  day  was  spent 
in  interviews  with  men  in  charge  of  the  various  investigations.  "When 
he  had  finally  satisfied  himself  as  to  its  soundness,  he  became  an  active 
partisan  for  the  plan. 

To  the  writer,  the  object  of  this  paper  seems  to  be,  not  so  much  to 
add  to  existing  engineering  knowledge,  as  to  attempt  to  keep  open  a 
field  of  opportunity.  The  development  of  The  Miami  Conservancy 
District  has  established  the  fact  that,  in  this  instance,  flood  control 
can  be  secured  best  with  retarding  basins,  but  that  their  dependable 
use  for  flood  control  excludes  their  use  for  other  purposes.  The  habit 
of  following  precedent  is  so  strong  that  the  situation  in  this  case  is 
apt  to  be  used  as  proof  that  the  same  constructions  cannot  be  used  in 
any  case  for  more  than  one  purpose.  Apparently,  the  author  was  in- 
spired by  a  desire  to  prevent  such  a  premature  conclusion,  and  to  keep 
open  the  field  of  inquiry  in  other  cases  where  similar  limitations  do 
not  exist.  A  knowledge  of  the  dogmatic  attitudes  which  have  been 
taken  by  engineers  on  the  subject  of  flood  prevention  would  seem  to 
justify  this  effort. 

1. — Combined  Purpose  Dams  in  Miami  Valley. — A  few  points  in 
the  paper  seem  to  merit  special  mention.  First,  it  may  be  well  to 
repeat  that  The  Miami  Conservancy  District  made  no  mistake  in  not 
trying  to  combine  flood  prevention  with  power  development.  Of  the 
five  dams  to  be  built  by  the  District,  the  Englewood  Dam  on  Still- 
water River  offers  by  far  the  best  opportunity  for  adding  to  the  flood- 
regulating  capacity  of  the  basin  storage  capacity  for  power  develop- 
ment. If  the  combination  of  purposes  is  not  feasible  at  Englewood,  it 
is  not  feasible  anywhere  within  the  District.  Estimates  were  made  of 
the  income  which  would  be  derived  if  the  lower  third  of  the  Engle- 
wood Basin  were  used  for  permanent  storage  to  supply  a  power  plant, 
v/hile  the  upper  two-thirds  was  used  for  flood  control.  The  part  of  the 
total  cost  of  the  dam  which  must  be  charged  to  power  development  in 
such  case  is  more  than  $500  000 ;  that  is,  such  a  dam  would  cost  $500  000 
more  than  one  with  equal  flood  storage,  but  with  no  power  storage  pro- 
vided. The  drainage  area  of  the  Stillwater  River  is  650  sq.  miles;  the 
low-water  flow  is  about  25  see- ft. ;  the  regulated  flow  with  such  a  dam 
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would  be  about  J300  soc-f t. ;  the  head  would  vary  from  40  to  70  ft. ;  and,  Mr. 
with  a  liberal  over-all  efficiency  of  80%,  about  1  500  continuous  horse-  '^*^'"^*°- 
power  could  be  developed.  In  this  locality,  served  by  large  steam  cen- 
tral stations,  the  power  would  be  worth  not  to  exceed  9  mills  per  kw-hr. 
At  this  rate,  the  gross  annual  income  would  be  $88  000.  To  sell  the 
power  at  a  load  factor  of  40%  a  plant  installation  of  3  750  h.p.  would 
be  required,  which  would  cost  not  less  than  $350  000.  The  yearly  cost 
of  the  power  would  include  such  items  as  the  following: 

Interest  5%  on  $850  000 $42  500 

Depreciation,  5%  on  $350  000 17  500 

Taxes,  2%  on  $850  000 17  000 

Operating  expenses  and  maintenance 5  000 

Annual  cost  of  power $82  000 

The  storage  of  water  for  power  would  permanently  submerge  4  200 
acres  of  the  best  farm  land  in  Ohio,  of  which  at  least  3  500  acres  will 
retain  practically  its  full  agricultural  value  under  the  present  plan  of 
the  District.  The  annual  rent  of  this  land  is  from  $6  to  $10  per  acre, 
making  the  total  annual  cost  of  the  power  range  from  $103  000  to 
$117  000,  against  the  liberal  gross  income  of  $88  000. 

It  is  doubtful  whether  it  would  be  a  sound  business  undertaking  to 
develop  water  power  in  this  locality  if  the  total  annual  cost  of  the 
power  produced  would  exceed  5  mills  per  kw-hr.  of  delivered  energy. 
At  the  Englewood  Dam,  according  to  the  foregoing  deductions,  its  cost 
would  be  from  10^  to  12  mills.  The  conditions  at  the  other  four  dams 
of  The  Miami  Conservancy  District  are  still  more  unfavorable  for 
power  development. 

2. — Extent  to  Which  Retarding  Basins  are  Feasible. — Gen.  Chitten- 
den's paper  might  seem  to  infer  that  cases  are  rare  in  which  retarding 
basins  may  be  used  profitably  for  flood  control.  Although  the  majority 
of  flood-control  problems  must  be  solved  by  other  methods,  yet  the 
aggregate  number  of  cases  in  which  retarding  basin  control  is  feasible 
is  greater  than  first  impressions  would  indicate.  Over  the  country 
there  are  probably  hundreds  of  cases  where  this  method  will  finally  be 
found  most  advantageous.  The  following  are  two  typical  examples 
that  have  come  within  the  writer's  experience. 

The  St.  Francis  River,  in  Missouri,  drains  a  mountain  water-shed 
of  1  500  sq.  miles,  and  will  have  a  maximum  flood  rim-off  of  not  less 
than  150  000  sec-ft.  Through  the  lowlands  along  the  Arkansas  and 
Missouri  State  line  the  river  channel  has  a  normal  capacity  of  less 
than  2  000  sec-ft.  By  means  of  an  extensive  system  of  levees,  this 
capacity  is  being  increased  to  10  000  sec-ft.,  or  more;  but,  after  being 
improved  by  an  extensive  levee  system,  the  channel  will  stiir  have  a 
capacity  of  only  about  one-tenth  of  the  maximum  discharge  from  the 
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Mr.      hills.     The  control  of  maximum  floods  by  levees  is  entirely  impractica- 
Morjjan.  y^^^     Just  above  the  point  where  the  river  leaves  the  hills  is  a  possible 
dam  site,  where  a  complete  control  of  the  river  can  be  secured  at  an 
expense  which  would  not  be  a  serious  burden  to  the  land  affected. 

The  Ooldwater  River,  in  Mississippi,  drains  1  000  sq.  miles  of  hill 
land  and  then  flows  for  many  miles  through  the  rich  alluvial  lands  of 
the  Yazoo  Delta,  the  largest  and  most  fertile  body  of  cotton-growing 
land  in  the  United  States.  This  river,  where  it  leaves  the  hills,  will 
have  a  maximum  flood  flow  probably  in  excess  of  125  000  sec- ft.,  but 
the  channel  at  that  point  has  a  capacity  of  about  900  sec-ft.  Flood 
control  of  the  Coldwater  by  channel  excavation  is  entirely  imprac- 
ticable, and  control  by  levees  is  greatly  complicated  by  numerous 
branch  streams  which  enter  it  along  its  course.  There  are  two  reser- 
voir sites  in  the  hills,  the  development  of  which  would  completely  con- 
trol maximum  floods  on  the  river.  In  this  case,  a  dual  purpose  dam 
might  be  built  with  the  object  of  storing  water  for  rice  irrigation.  In 
these  and  other  instances  which  have  come  to  the  writer's  attention, 
where  the  disparity  between  channel  capacity  and  flood  flow  is  extreme, 
retarding  basin  control  may  prove  to  be  the  only  feasible  method. 

3. — Spillway  Versus  Conduits. — The  object  of  the  paper,  as  stated 
before,  seems  to  be  to  keep  open  the  field  for  the  combined  purpose 
reservoir,  and  not  to  settle  any  of  its  details.  Yet  a  casual  reading 
might  lead  to  the  impression  that  in  such  reservoirs  the  flood  openings 
should  be  spillways  and  not  conduits.  The  function  of  the  spillway  as 
a  safety  factor  for  almost  every  dam  should  be  fully  recognized,  but 
the  openings  for  flood  regulation  wherever  possible  should  be  conduits 
and  not  spillways.  The  degree  of  protection  below  the  dam  is  limited 
by  the  maximum  flow  at  any  time  during  the  flood,  and  this  maximum 
flow  is  determined  by  two  conditions,  the  capacity  of  the  openings  and 
the  capacity  of  the  basin  above  the  dam.  The  ideal  control  would  be 
secured  with  openings  which  would  provide  a  uniform  rate  of  flow 
throughout  the  flood  in  the  river  channel  below  the  dam,  and  this  uni- 
form flow  should  be  of  such  volume  that  it  would  pass  all  the  water 
which  could  not  be  held  in  the  basin,  below  the  elevation  of  the  spill- 
way, during  the  maximum  possible  flood.  If  the  openings  are  too 
large,  more  water  will  be  allowed  to  pass  than  is  necessary,  overtaxing 
the  channel  below  the  dam,  and  the  reservoir  will  not  be  filled.  On  the 
other  hand,  if  the  conduits  are  too  small  to  care  for  the  maximum  pos- 
sible flood,  the  basin  will  be  more  than  filled,  and  there  will  be  added 
to  the  flow  through  the  conduits  a  short  flood  due  to  flow  over  the  spill- 
way crest.  The  use  of  a  spillway  instead  of  conduits  for  flood  regula- 
tion would  have  the  disadvantages  both  of  too  large  and  too  small 
openings.  At  the  beginning  of  a  flood  the  small  flow  over  the  spillway 
would  be  at  much  less  than  the  average  rate.  The  channel  below  the 
dam  would  not  be  filled  to  its  capacity,  and  the  capacity  of  the  basin 
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would  be  consumed  by  unnecessary  storage.  At  the  crest  of  the  flood,  Mr. 
the  deeper  How  over  tlie  spillway  with  its  greatly  increased  cross-section  '  '"'*-'"°- 
and  head  would  be  at  much  more  than  the  average  rate,  and  the  flow 
below  the  dam  would  be  correspondingly  large.  So  far  as  variation  in 
head  is  concerned,  the  conduit  and  the  spillway  are  affected  alike,  but, 
as  to  variation  in  cross-section  and  total  discharge,  the  advantage  is 
all  in  favor  of  the  conduit,  and  this  advantage  is,  in  fact,  so  great  as 
to  make  a  spillway  uneconomical  for  the  purpose,  if  it  can  be  avoided. 

4. — Terminology. — The  choice  of  the  term,  "retarding  basin",  for 
the  works  of  The  !Miami  Conservancy  District  was  made  after  con- 
sideration of  all  the  terms  in  use.  The  term,  "reservoir",  generally 
refers  definitely  to  a  place  where  water  or  other  substance  is  held  for 
future  use.  It  was  especially  desired  to  avoid  this  inference,  and  so 
the  word,  'tasin",  was  adopted  instead.  As  between  the  words,  retard- 
ing and  detention,  the  latter  commonly  implies  permanent  restraint, 
and  the  former  expresses  exactly  the  function  of  the  works  of  the  Dis- 
trict, to  retard  but  not  to  stop  the  flow  of  flood  waters.  In  planning 
a  type  of  construction  for  which  no  designation  has  been  generally 
adopted,  it  seemed  better  to  choose  a  name  which  accurately  describes 
the  work  than  to  use  one  which,  to  a  greater  or  less  degree,  misstates 
the  functions  of  the  construction. 

Without  any  doubt,  in  the  numberless  combinations  of  conditions 
met  in  flood  prevention  work,  numerous  cases  will  arise  where  dual 
purpose  or  many  purpose  reservoirs  will  be  feasible  and  very  desirable. 
It  is  well  to  draw  public  attention  to  this  fact,  and  not  to  allow  a  field 
to  be  closed  through  prejudice  or  precedent. 

Alex.  Rice  McKim,*  M.  Am.  Soc.  C.  E.  (by  letter).! — The  writer  Mr. 
believes  that,  in  some  cases,  flood  reduction  and  power  storage  can 
be  adjusted  by  building  a  high  dam  and  providing  for  three  super- 
imposed reservoir  spaces;  the  lowest  space  to  form  a  permanent  lake 
for  the  preservation  of  fish  life;  the  middle  space  to  be  used  for 
power  development,  controlled  by  gates;  and  the  uppermost  space  to 
be  utilized  for  flood  reduction,  and  controlled  by  a  waste  weir. 

The  waste  weir  must  be  properly  proportioned.  In  his  work,  the 
writer  could  find  no  method  in  use  for  obtaining  the  dimensions  of  a 
waste  weir  for  a  reservoir.     So  he  devised  the  following  simple  formula : 

2  AQD  —  HP 

in  which,  L  is  the  necessary  length  of  the  waste  weir,  in  feet;  A,  the 
drainage  area,  in  square  miles;  Q,  the  average  high  daily  run-off,  in 
second-feet  per  square  mile,  obtained  by  dividing  120  by  the  seventh 

•  Albany,  N.  Y. 

t  Received  by  the  Secretary,  October  17th,  1917. 
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Mr.     I'oot  of  A  ;  and  Z),  the  duration  in   days  of  Q,  equal  to  1  +  ^  of  the 
McKi'm.  '^ 

longest  flow,  in  miles,  on  the  drainage  area.  II  is  the  assumed  height 
of  the  waste,  in  feet;  P,  the  acreage  of  the  reservoir  surface  at  the 
waste  crest  level;  and  F,  the  maximum  waste  flow,  per  linear  foot,  in 
second-feet,  for  H. 

Mr.  T.  IvENNARD  THOMSON,*  M.  Am.  Soc.  C.  E. — The  discussions  on  flood 

control  by  Messrs.  Morgan  and  McKim  make  one  glad  that  the 
redeeming  feature  of  this  Republic  is,  that  when  an  experiment  proves 
a  certain  procedure  to  be  a  failure,  it  is  discarded,  and  an  attempt 
is  made  at  something  better.  The  younger  members  of  the  Society 
will  probably  live  to  laugh  at  the  crude  efforts  at  flood  control  now 
being  tried  or  proposed.  Radically  different  methods  will  be  used, 
and  there  is  no  reason  to  suppose  that  even  the  great  Mississippi  River 
cannot  be  controlled  effectively. 

These  discussions  also  give  the  speaker  an  opportunity  to  report 
progress  on  his  project,  "Niagara  Falls  Junior",  for  building  a  dam 
in  the  lower  rapids  of  the  Niagara  River. 

Many  engineers  have  asked  how  the  water,  which  amounts  to  220  000 
cu.  ft.  per  sec,  can  be  controlled  while  the  dam  is  being  built.  For 
obvious  reasons,  it  was  advisable  at  first  not  to  disclose  the  location 
of  the  dam,  but  now  the  speaker  takes  pleasure  in  stating  that  it  will 
be  built  on  Foster's  Flats,  the  only  place  in  the  river  where  there  is 
a  low  shelf  between  the  water's  edge  and  the  high  bank.  By  using  this 
shelf,  from  one-half  to  three-quarters  of  the  dam  can  be  built  on  dry 
land  and  carried  below  the  bed  of  the  river. 

After  this  portion  is  built,  it  will  be  easy  to  divert  the  water  from 
the  present  channel  through  openings  in  the  new  dam.  It  will  then 
be  an  easy  matter  to  complete  the  dam. 

As  the  speaker  was  confronted  with  the  doubts  of  others  concerning 
the  possibility  of  using  the  2  000  000  h.p.  of  the  proposed  development, 
he  wrote  to  the  Director  of  the  Census,  Department  of  Commerce, 
Mr.  Samuel  W.  Rogers,  and  asked  him  how  much  power  was  now  used 
in  New  York  State,  as  well  as  the  probable  rate  of  increase.  Mr. 
Rogers  very  kindly  made  a  most  comprehensive  reply  to  the  effect 
that  more  than  3  000  000  h.p.  are  now  used,  and  that  the  annual 
rate  of  increase  is  more  than  300  000  h.p.  From  this  statement,  it 
will  be  seen  that  the  normal  increase  for  3  years  will  absorb  all  the 
power  which  the  dam  can  furnish  on  this  side  of  the  boundary  line. 

In  addition,  it  may  be  stated  that  in  Canada  power  is  now  trans- 
mitted successfully  for  250  miles.  In  California,  it  is  now  trans- 
mitted 543  miles.  If  a  circle  is  drawn  with  a  radius  of  500  miles,  using 
Niagara  Falls  as  the  center,  it  will  be  found  that  the  enclosed  area 

*  New  York  City. 


Papers.]         DISCUSSION:    RESERVOIRS    FOR    FLOOD    CONTROL  2015 

will   include  the  whole  or  part  of  twenty   States  and  two  Provinces,      Mr. 
with    G0%    of   the   population    of    Canada.      All    this   population    and  Thomson, 
area  would  be  within  reach  of  the  new  dam,  if  enough  power  could 
be  generated  there.     Yet,  as  Director  Rogers'  letter  would  indicate, 
there  will  not  be  enough  to  supply  the  State  of  New  York. 

Incidentally,  it  might  be  remarked  that  the  2  000  000  h.p.  men- 
tioned will  save  about  20  000  000  tons  of  coal  per  year.  Surely  it  is 
time  that  such  an  enormous  waste  of  power  was  stopped. 
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THE  SUBSIDENCE  OF  MUCK  AND  PEAT  SOILS  IN 
SOUTHERN  LOUISIANA  AND  FLORIDA 

Discussion.* 


Bv  Messrs.  Arthur  E.  Morgan  and  Orkin  Randolph. 


Arthur  E.  Morgan,!  M.  Am.  Sog.  C.  E.  (by  letter).:}: — As  there  are     Mr 


several  million  acres  of  muck  and  peat  lands  in  the  United  States,  any 
information  relative  to  their  character  is  of  material  importance.  Mr. 
Okey's  paper  is  one  of  comparatively  few  contributions  of  definite 
value  on  this  subject  which  have  been  made  in  the  United  States.  It 
indicates  conclusively  that  any  project  for  the  reclamation  of  muck  or 
peat  "lands  which  ignores  the  probability  of  very  great  soil  settlement 
has  omitted  a  vital  factor  in  the  problem. 

Although  Mr.  Okey's  studies  have  established  the  fact  of  very  great 
subsidence  in  drained  muck  soils,  yet  few,  if  any,  of  his  measurements 
were  made  in  those  soils  where  the  greatest  subsidence  would  take 
place.  Most  of  his  measurements  in  Southern  Louisiana  were  of  neces- 
sity on  soils  which,  for  a  long  time,  have  been  subject  to  occasional 
overflow  by  the  Mississippi  and  have  received  more  or  less  silt  deposit. 
The  muck  a  mile  from  Lake  Okeechobee  and  that  near  Davie,  in 
Florida,  is  already  partly  decomposed,  and,  therefore,  a  certain  amount 
of  compacting  had  taken  place  long  before  the  first  records  of  groimd 
surface  elevations  were  made.  The  great  interior  of  the  Everglades  is 
composed  of  a  coarse  brown  fibrous  peat,  in  which  even  a  materially 
greater  subsidence  may  be  expected  than  in  most  of  the  cases  recorded 
by  Mr.  Okey.     Tests  by  burning  show  the  ash  content  of  Louisiana 

*  This  discussion  (of  the  paper  by  Charles  W.  Okcy,  Assoc.  M.  Am.  Soc.  C.  E., 
published  in  September.  1917,  Proccrdiniis,  and  presented  at  the  meeting  of  November 
7th,  1917),  is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought 
before  all  members  for  further  discussion. 

t  Dayton,  Ohio. 
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Mr.  muck  south  of  'New  Orleans  to  be  from  20  to  50%  of  the  dry  weight 
Morgau.  q£  ^^iq  raw  muck.  The  ash  content  of  the  interior  of  the  Everglades, 
as  recorded  by  the  United  States  Soil  Survey,  is  from  3  to  6%,  accord- 
ing to  the  writer's  remembrance. 

Engineers  of  the  Morgan  Engineering  Company  recently  spent 
about  6  months  in  making  a  detailed  examination  of  more  than  150 
tracts  of  muck  lands  in  various  parts  of  the  United  States,  principally 
in  the  Atlantic  Coast  States.  It  appears  that  the  terms  "peat"  and 
"muck"  are  used  to  cover  a  wide  variety  of  soils  and  soil  conditions. 
In  New  York,  Pennsylvania,  and  the  adjoining  States,  there  are  con- 
siderable areas  of  muck  lands  formerly  covered  with  dense  growths  of 
hardwood  and  cedar.  This  soil  is  well  decomposed.  When  first  drained, 
it  is  brown,  but,  in  a  year  or  two,  it  turns  black  and  has  the  granular 
appearance  of  old-fashioned  gunpowder.  When  cleared  and  put  in 
cultivation  this  is  the  finest  truck  garden  soil  to  be  found  in  the  United 
States,  and  such  muck  areas  commonly  sell  for  from  two  to  five  times 
as  much  per  acre  as  the  adjoining  loam  soils.  The  high  value  is  due 
not  primarily  to  great  fertility,  but  to  the  exceptional  ease  with  which 
such  land  may  be  tilled,  to  its  unusual  capacity  for  retaining  capillary 
water,  and  to  its  loose  texture,  which  makes  perfect  root  development 
possible. 

At  the  other  extreme  of  soils  of  this  class  is  the  coarse  brown  fibrous 
peat,  great  areas  of  which  occur  in  Minnesota,  Wisconsin,  and  Florida, 
as  well  as  in  Canada  and  many  parts  of  Europe.  Nowhere  does  one 
find  records  of  the  profitable  use  of  this  soil  for  cultivation,  except  in 
rare  cases  after  long  and  painstaking  effort  for  its  reduction.  Most 
of  this  worthless  brown  peat  occurs  in  open  marshes,  though  such 
marshes  also  have  produced  some  excellent  muck.  Between  the  valu- 
able muck  lands  of  the  hardwood  forests  and  the  worthless  brown  peat 
of  the  open  marshes  there  is  every  degree  of  composition  and  every 
condition  of  decay  and  settlement.  Similarly,  as  to  the  content  of 
mineral  matter,  there  is  every  degree  of  variation,  from  the  peat  of 
the  Everglades  and  of  Minnesota  wire-grass  marshes,  which  on  burn- 
ing leave  only  3%  of  ash,  to  muck  areas  so  impregnated  with  silt  by 
the  frequent  overflow. of  muddy  water  that  the  soil  on  burning  loses  only 
one-third  or  one-fourth  of  its  weight.  Naturally,  the  mineral  content 
affects  directly  the  possibility  of  subsidence.  Mr.  Okey's  paper  would 
■  have  been  of  still  greater  value  if  he  had  recorded  the  percentage  of 
ash  in  the  various  classes  of  muck  investigated. 

Perhaps  no  other  soils  in  the  United  States  are  so  imperfectly 
known,  or  vary  so  much  between  the  highest  agricultural  value  and 
complete  worthlessness,  and  probably  no  other  soils  have  been  so  ex- 
ploited by  promoters — sales  of  worthless  peat  being  made  on  the  repu- 
tation of  valuable  black  muck.  A  continuation  of  this  investigation, 
as  suggested  by  Mr.  Okey,  would  add  greatly  to  the  knowledge  neces- 
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sary  for  their  economical  development.  The  most  significant  inference  Mr. 
from  the  paper  is  that,  in  consideration  of  the  extremely  flat  gradients  '^^^''^an- 
which  sometimes  are  all  that  are  possible,  and  the  comparatively  nar- 
row range  of  fluctuation  in  ground-water  level  suitable  for  successful 
muck  land  agriculture  in  the  South,  all  efforts  to  secure  satisfactory 
gravity  drainage  in  certain  notable  undertakings  for  the  reclamation 
of  peat  and  muck  lands  must  be  failures,  and  that  the  only  hopeful 
prospect  in'  these  particular  cases  is  for  drainage  by  pumping. 

Okrin  Randolph,*  Assoc.  M.  Am.   Soc.  C.  E.   (by  letter).! — Mr.       Mr. 
Okey  has  furnished  information  on  a  subject  of  prime  importance  in    *"  °  ^^  '• 
connection  with  the  drainage  of  muck  lands,  and  his  investigations, 
when  completed,  should  make  possible  a  more  accurate  forecast  of  the 
behavior  of  these   soils  after  the  water-table  has  been  lowered   and 
farming  operations  have  been  conducted. 

The  author  has  collected  some  of  his  data  in  Louisiana  and  the 
remainder  in  Florida,  and  the  soil  samples  which  have  been  examined 
have  differed  very  materially,  as  is  shown  by  the  weights  that  were 
found.  This  wide  difference  in  the  nature  of  the  material  examined 
has  produced  results  from  which  it  becomes  difficult  to  draw  general 
conclusions. 

However,  the  observations  made  on  the  unfarmed  saw  grass  muck 
lands  of  Florida  constitute  a  set  of  experiments  on  soil  which  is  com- 
paratively uniform  in  character  and  from  which  certain  deductions 
may  be  made. 

By  making  use  of  the  actual  weights  shown  on  the  five  Florida 
profiles  of  unfarmed  saw  grass  muck,  and  reducing  the  weight  of  each 
foot  in  depth  to  its  percentage  of  the  total  weight  of  the  sample 
from  which  it  is  taken,  a  set  of  results  is  obtained  as  shown  in  Table  2. 

An  examination  of  Table  2,  in  connection  with  the  graphic  illus- 
tration. Fig.  19,  shows  the  percentages  of  weights  which  were  found. 

In  these  five  cases  the  average  lowering  of  the  water-table  below 
the  surface  was  2.3  ft.  The  average  subsidence  was  l.G  ft.,  and  the 
time  the  land  had  been  drained,  although  not  given  in  every  case, 
would  probably  average  about  2  years. 

It  would  appear  from  the  results  found,  and  from  observations  of 
the  writer,  that  the  subsidence  of  saw  grass  muck,  due  to  a  lowering 
of  the  water-table,  takes  place  somewhat  uniformly  over  the  entire 
depth  of  muck,  and  that  it  is  not  confined  to  that  portion  of  the  muck 
which  stands  above  the  water-table.  It  also  appears  that  the  depth 
of  subsidence  due  to  this  cause  is  dependent  on  the  depth  to  which 
the  water-table  has  been  lowered,  as  well  as  the  time,  within  certain 
limits,  that  has  elapsed  after  the  drainage  operations  have  become 
effective. 

•  Lake  Worth,  Fla. 

t  Received  by  the  Secretary,  November  2d,  1917. 
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Mr.  The  author  did  not  explain  his  method  of  obtaining  and  ascertaining 

Kaodoiph.  ^YiQ  weight  of  the  samples,  and  it  is  to  be  hoped  that  this  information 
will  be  given,  so  that,  in  case  independent  observations  are  made,  a 
basis  of  comparison  of  results  may  be  had. 

TABLE  2. — Percentage,  in  Weight,  of  Total  Sample. 
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BEARING  VALUE   OF  SOILS  FOR  FOUNDATIONS* 


By  William  Cain,  M.  Am.  Soc.  C.  E. 


William  Cain,!  M,  Am.  Soc.  C.  E.  (by  letter). ^ — The  stress-strain  Mr. 
curves,  Figs.  2,  3,  and  4,  for  differing  densities  of  the  Ottawa  sand  ex- 
perimented with,  show  the  importance  of  density  determinations  in 
studying  the  properties  of  earths,  and  that,  "large  variations  in  the 
physical  properties  accompany  slight  changes  in  density  of  the  mass." 
The  gauge  of  Fig.  1  (a)  is  evidently  a  very  perfect  one,  so  that  the 
pressures  recorded  by  it  can  be  relied  on. 

When  this  gauge  was  placed  in  the  center  of  the  base  of  the  cylinder, 
Fig.  1  (a),  and  1  in.  of  sand  was  placed  on  it  and  pressure  applied 
through  the  piston,  the  pressure  on  the  diaphragm  at  the  center  was 
found  to  be  in  excess  of  the  hydrostatic  pressure  by  25%;  whereas, 
with  5  in.  of  sand  on  the  base,  the  pressure  indicated  by  the  gauge  was 
less  than  the  hydrostatic  pressure.  These  results  are  shown  graphically 
in  Fig.  G.  They  indicate  that  the  pressure  of  the  sand  on  the  base  was 
not  uniformly  distributed  over  it. 

In  the  case  of  the  1  in.  of  sand  on  the  base,  evidently  but  little  of  the 
piston  load  was  carried  by  the  side  walls  by  friction  of  the  earth  on  the 
metal  of  the  cylindrical  surface,  so  that  nearly  all  the  piston  pressure 
was  transmitted  to  the  base;  but  the  experiments  indicate  that  the  in- 
tensity of  pressure  on  the  base  was  not  uniform,  it  being  greater  at 

•  Presented  to  the  Annual  Meeting,  January  17th,  1917. 

t  Chapel  Hill,  N.  C. 

t  Received  by  the  Secretary,  October  15th,  1917. 
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Mr.    the  center  and,  thus,  less  at  the  sides,  than  the  average,  or  the  piston 
^^*°-  pressure  divided  by  the  area  of  the  base — the  hydrostatic  pressure. 

In  the  case  where  the  base  was  covered  with  5  in.  of  sand — to  judge 
from  the  independent  experiments  of  various  authors — much  of  the 
piston  load  was  held  up  by  the  wall  friction  (earth  on  metal)  ;  so  that, 
though  the  intensity  of  the  pressure  on  the  base  at  the  center,  as 
found  by  the  gauge  there,  was  less  than  the  average,  it  seems  reason- 
able, as  before,  to  assume  that  this  intensity  decreases  from  the  center 
to  the  sides.  In  this  case,  only  a  part  of  the  piston  pressure  is  trans- 
mitted to  the  base,  the  remainder  being  carried,  by  friction,  to  the  side- 
walls.  It  is  to  be  expected,  therefore,  that  the  average  intensity  of 
pressure  on  the  base  should  be  less  than  the  total  piston  pressure  divided 
by  the  area  of  the  base;  and,  with  the  side- walls  carrying  enough  of  the 
load,  it  is  easily  understood  why  the  gauge  at  the  center  of  the  base 
indicated  an  intensity  there  (the  maximum)  less  than  the  last-men- 
tioned average. 

Uy.  Bearinff  Block 

mm 


0 
24"  Fill 

pressure  distribution  through  damp  sand  fills 
Fig.  17. 

Considerable  light  is  thrown  on  this  subject  by  the  experiments  of 
A.  T.  Goldbeck,*  Assoc.  M.  Am.  Soc.  C.  E.,  where  sand  of  a  uniform 
depth  of  from  6  in.  to  5  ft.  was  subjected  to  a  load  applied  to  a  flat 
circular  bearing  block  8  or  13^  in.  in  diameter.  The  sand  was  placed 
in  a  bin  7^  ft.  square  when  the  depth  of  sand  was  2  ft.  or  less,  the  bin 
being  larger  for  greater  depths  of  sand.  The  bearing  block  was  placed 
on  top  of  the  sand  at  the  center  of  the  bin. 

The  vertical  unit  pressure  at  a  number  of  points  at  the  bottom  of 
the  sand  fill  was  ascertained  by  the  aid  of  a  number  of  small  cells 
placed  there,  the  pressure  being  found  by  equilibrating  the  air  pres- 
sure in  a  cell  with  the  soil  pressure  exerted  on  a  movable  part  of  the 
cell.  The  air  pressure  in  the  pipe  leading  to  the  cell  was  increased 
slowly  until  equilibrium  was  attained,  the  exact  instant  being  detected 
by  the  breaking  of  an  electric  contact  within  the  cell,  at  which  instant 
the  air  pressure  was  measured  with  a  sensitive  gauge. 

The  diagram.  Fig.  17,  shows  the  variation  in  the  pressure  at  various 
distances,  in  inches,  from  the  center  of  the  block,  the  ordinates  indi- 

•  "The  Distribution  of  Pressures  Through  Earth  Fills",  Proceedings,  Am.  Soc. 
for  Testing  Materials,  1917.     Also,   see  Engineering  News-Record,  July  19th,  1917. 
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eating  the  diflForence  between  the  pressures  for  block  loaded  and  for  Mr. 
sand  alone,  the  pressures  being  in  pounds  per  square  inch.  The  upper, 
middle,  and  lower  curves,  correspond  to  loads  on  the  block  of  4  000, 
3  000,  and  1  800  lb.,  respectively — all,  for  a  depth  of  24  in.  of  the  damp 
sand  fill,  having  from  3  to  5%  of  moisture.  The  curves  are  typical 
for  depths  of  sand  varying  from  6  in.  to  5  ft.,  but  they  become  flatter 
and  extend  farther,  in  proportion  to  the  height,  as  the  depth  of  the  sand 
increases. 

Evidently,  the  volume  generated  by  revolving  one  of  the  curves 
about  the  vertical  axis  through  0  equals  the  reaction  of  the  base,  and 
this  was  found  practically  to  equal  the  load  applied,  thus  giving  a 
desirable  check  on  the  results.  The  part  of  the  volume  considered, 
directly  under  the  block,  gives  the  load  transmitted  to  the  part  of  the 
base  directly  under  the  block,  the  remainder  of  the  load  being  trans- 
mitted, through  friction  of  the  earth  particles,  outside  this  area.  It  is 
seen  from  Fig.  17,  that  a  large  part  of  the  load  is  distributed  over  the 
annular  area  outside  of  that  directly  under  the  block. 

It  will  be  observed  from  Fig.  17  that  the  unit  pressure  on  the  base 
is  a  maximum  under  the  center  of  the  bearing  block,  and  that  it  de- 
creases as  the  periphery  of  the  block  is  approached,  according  to  the 
ordinates  of  some  curve.  The  decrease  is  much  more  marked  for  the 
6  and  12-in.  fills.  In  fact,  for  the  6-in.  fill,  with  an  8-in.  bearing  block, 
a  diagram  in  Mr.  Goldbeck's  paper  shows,  for  a  load  on  the  block  of 
1  400  lb.,  a  unit  pressure  at  0  of  26.5  lb.  per  sq.  in.,  whereas,  at  a  point 
vertically  under  the  edge  of  the  block,  the  pressure  on  the  base  was 
only  9.7  lb.  per  sq.  in. 

The  conditions,  for  the  sand  in  the  cylinders,  Fig.  1  (a)  and  (h), 
of  the  Sub-Committee's  report,  are  not  the  same  as  for  the  sand  fill, 
since  the  sand  under  the  piston  in  the  cylinders  is  bounded  by  rigid 
metal  walls,  whereas  that  immediately  under  the  bearing  blocks,  in 
the  case  of  the  sand  fill,  is  boimded  by  non-rigid  sand  walls,  trans- 
mitting lateral  pressure,  and  it  is  well  known  that  very  slight  displace- 
ments in  a  sand  fill  modify  materially  the  state  of  stress  at  and  near 
the  points  of  displacement.  In  either  case,  however,  the  "walls"  carry 
a  certain  portion  of  the  load  through  friction,  and  there  is  sufficient 
similarity  in  the  two  cases  to  lead  one  to  believe  that  the  unit  pressure 
on  the  base  of  the  metal  cylinder  decreases,  from  a  maximum  at  the 
center  to  a  minimum  at  the  containing  wall,  though  the  law  of  this 
decrease  may  not  be  exactly  the  same  as  for  the  portion  of  the  sand 
fill  vertically  under  the  bearing  block. 

It  will  be  observed  from  Fig.  17  that  the  unit  stress  on  the  base 
varies  according  to  the  ordinates  of  some  curve,  which,  for  the  upper 
portion,  nearly  to  the  inflection  point,  resembles  a  parabola,  and  it  will 
be  taken  as  such  in  the  investigation,  given  subsequently,  in  connec- 
tion with  Fig.  19,  referring  to  the  rotary  cylinder. 
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Mr.  The  cylinders  of  Fig.  1  are  in  reality  bins,  when  filled  with  sand 

^"'""  to  a  depth  of  5  in.  or  more,  and  a  modification  of  the  bin  theory  due  to 
the  piston  pressure  is  applicable;  but  a  simpler  theory  will  suffice  to 
estimate,  approximately,  the  proportion  of  the  piston  load  carried  by 
the  cylindrical  walls  for  the  small  depth  of  sand  considered.  Thus, 
if  F  is  the  piston  pressure,  the  diameter  of  the  piston  being  12  in., 

P 

the  unit  vertical  pressure  is    ; — s,   and,   if  we   take   the   lateral   unit 

TT  X  6 

1      P 

pressure  of  the  sand  as  one-third  of  this,  the  pressure  =  —  .     Tliis, 

^  '         ^  3   3G  7t 

for  a  depth  of  sand  of  5  in.,  acts  on  an  area,  2  tt  X  6  X  5  =  60  tt,  so 

that  the  total  lateral  pressure  on  the  cylindrical  wall  is  the  product, 

or  —  P.     If  the  coefficient  of  friction  of  sand  on  iron  is  taken  arbi- 
9 

trarily   at    0.45,    the    total    load    carried    by    the    cylindrical    walls    is 
0.45  X  —  P  =  0.25  P. 

In  experiments  on  a  large  wooden  bin,  filled  with  grain,  Bovey 
found  that  the  vertical  unit  pressures  on  the  base  diminished  from  the 
center  to  the  side  of  the  bin.*  If,  in  the  case  of  the  cylinder.  Fig. 
1  (a),  by  some  device,  the  wall  is  made  perfectly  smooth,  then  it  can- 
not carry  any  of  the  piston  load,  and  thus  the  whole  load  is  transmitted 
to  the  base,  which  may  experience  a  nearly  uniform  distribution  of 
stress.  For  the  rotary  cylinder.  Fig.  1  (b),  the  walls  and  base,  of 
necessity,  must  be  left  rough  to  fix  the  sand  in  position  and  prevent  it 
from  moving  with  the  rotary  disk;  so  that,  for  this  apparatus,  a  uni- 
form vertical  component  of  stress  on  the  base  is  probably  never 
realized. 

The  subject  is  a  vital  one  for  computations  pertaining  to  either 
cylinder,  for,  in  Fig.  1  (a),  whether  the  gauge  is  i^laced  at  the 
bottom  or  on  the  walls  of  the  cylinder,  it  is  necessary  to  be  able  to 
compvite,  first  of  all,  the  intensity  of  the  vertical  component  of  stress 
at  the  center  of  the  gauge;  and,  similarly,  for  the  rotary  cylinder. 
Fig.  1  (6),  the  vertical  component  of  stress  at  any  point  of  the  base 
must  be  capable  of  estimation.  In  fact,  if  this  component  is  not  uni- 
form over  the  rotary  disk,  the  formulas  deduced  by  the  writerf  are 
inapplicable,  as  was  expressly  stated  in  the  paper  referred  to. 

The  results  of  the  experiments  on  sand  with  the  rotary  cup  disks, 
^  Fig.  9,  are  distinctly  disappointing,  because,  as  the  authors  state  es- 
sentially, almost  any  pressure  and  coefficient  of  friction  can  be  found, 
between  the  limits  shown  on  the  diagram,  for  "incipient"  and  "actual" 
motion — the  less  the  motion,  the  less  the  friction. 

*  As  shown  in  Fig.   177  of  Ketchum's  "Walls  and  Bins." 

t  "Cohesion  in   Earth",    Transactions,   Am.   Soc.   C.   E.,   Vol.   LXXX    (1916),   pp. 
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It  would  seem  then,  for  a  s'iveii  motion  at  the  edge  of  the  rotary  Mr. 
disk,  as  the  displacement  decreases  uniformly  to  zero  at  the  center,  ^*'°" 
that  the  coefficient  of  friction  should  decrease,  from  a  maximum  value 
at  the  periphery  of  the  disk,  gradually  toward  zero  as  the  center  is 
approached.  It  is  true  that  the  formula  used  in  comi)nting  the  co- 
efficient of  friction  is  inapplicable  if  this  law  holds,  still  the  results 
lead  to  comparative  values  that  suggest  the  law — the  less  the  motion, 
the  less  the  friction.  It  may  be  that  the  coefficient  of  cohesion  also 
diminishes  toward  the  center. 

It  is  seen  from  the  diagram,  Fig.  9,  that  the  coefficients  of  friction 
for  "incipient"  motion  do  not  average  as  much  as  0.05,  and  for  "actual" 
motion,  the  average  is  less  than  0.20,  whereas  we  sliould  expect,  for  the 
"dry  sand,  moderately  compacted",  about  the  usual  value,  §  =  0.67. 
It  may  be  objected  that  this  value  has  been  obtained  by  noting  simply 
the  tangent  of  the  angle  of  repose  for  dry  sand,  but  experiments  by 
Leygue  and  Bell  will  be  cited  where  the  coefficient  was  found  by  drag- 
ging sand  in  a  box  or  cylinder  with  no  bottom,  over  sand  in  a  box  or 
cylinder.  In  the  experiments  of  Leygue,*  the  normal  pressures  were 
very  small — only  from  7  to  40  lb.  per  sq.  ft.    They  were  as  follows : 

Dry  sand /  =  0.70,  0  =  35°,        k  =  1.47  lb.  per  sq.  ft. 

Wet  sand /  =  0.85,  <^  =  40°  22',  fc  =  8.28  "     "     "     " 

Very    wet   sand /  =  1.70,  <{>  =  59°  30',  /.:  =  6.36  "     "     "     " 

In  a  paper  by  Arthur  Langtry  Bell  on  "The  Lateral  Pressure  and 
Resistance  of  Clay  and  the  Supporting  Power  of  Clay  Foundations",! 
it  is  stated  that  when  perfectly  dry  sand  was  "well  rammed"  in  the 
cylinder,  it  was  found  that  k  was  practically  zero  and  <^  =  30°,  the 
angle  of  repose;  but,  if  the  sand  was  merely  poured  in  the  cylinder  and 
shaken,  although  Jc  was  again  zero,  the  angle  of  friction  was  much  less 
than  the  angle  of  repose.  For  "wet  sand  grabbed  from  a  monolith  well", 
k  =  0.3  ton  per  sq.  ft.  and  <^  =  31  degrees. 

Bell's  apparatus  is  shown  in  Fig.  18.  It  consists  of  a  solid  cylin- 
drical cast-iron  plunger,  P,  with  machined  faces,  working  inside  a  brass 
cylinder,  C.  The  brass  cylinder  is  cut  through  horizontally  along  the 
two  parallel  planes,  XX  and  YY,  the  cut  surfaces  being  perfectly  smooth 
and  polished.  The  ring,  therefore,  is  free  to  slide  in  a  horizontal  direc- 
tion. By  means  of  the  three  screws  with  nuts,  S,  the  pressure  on  the 
horizontal  metal  sliding  svirfaces  can  be  adjusted  as  desired  and  the  pull 
required  to  withdraw  the  empty  ring  can  be  ascertained  and  subtracted 
from  IF,  the  pull  required  to  cause  sliding  along  XX  and  YY  when  the 
cylinder  is  partly  filled  with  clay  and  a  load  applied  through  the 
plunger.     The  normal  unit  loads  on  a  surface,  as  XX,  were  plotted  as 

•Transactions,  Am.  Soc.   C.   E..   Vcl.   LXXX    (1916),   p.   1319. 

i  Minutes  of  Proceedings,  Inst.  C.  E..  Vol.  CXCIX.  1914-15.  Part  I. 
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abscissas  and  the  values  of  the  shears  on  the  clay  surface,  XX,  corre- 
sponding, as  ordinates,  and  the  usual  straight  line  drawn,  from  which  h 
and  /  ==  tan.  ^,  could  be  ascertained.* 

It  would  seem  that  this  apparatus  was  more  especially  adapted  to 
clay,  as  it  prevents  flow  and  but  little  of  the  weight  on  the  phmger  is 
carried  to  the  cylindrical  walls,  as  the  friction  of  clay  on  smooth  brass 


SECTION  A-A 


PLAN:  PLUNGER  REMOVED 
Pig.  18. 

is  practically  nil.  This  is  not  true  for  ordinary  earth  or  sand.  The 
problem,  in  any  case,  is  simply  to  drag  earth  over  earth,  subjected  to 
varying  definite  loads  and  to  measure  the  shearing  forces  required  and 
also  the  area  of  the  surface  of  shear.     The  loads  should  be  placed  on 

*  Some  of  the  results  are  given  in  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXX, 
p.  1322.  The  remarks  of  Dr.  Unwin,  p.  1322,  and  of  Mr.  Goodrich,  p.  1330,  are 
pertinent  in  this  connection. 
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top  of  the  bottomless  box  coutaining  the  earth  above  the  surface  of   Mi'. 
shear,  and  not  on  the  earth;  then  the  load  on  this  surface  is  exactly    '*'°' 
known.     This  is  not  the  case  with  the  cylinder,  Fig.  18,  where  the  load 
is  placed  directly  on  the  earth,  and  thus  part  of  the  plunger  load  is 
carried  by  friction  of  earth  on  metal  to  the  cylindrical  walls. 

It  seems  desirable  to  have  tests  of  clay  made  with  this  or  a  similar 
a{)paratus,  but  the  results  of  the  tests  would  be  more  convincing  if  the 
diameter  of  the  cylinder  was  larger,  say,  12  in.,  and  if  the  load  on  the 
plunger  was  measured  on  the  beam  of  a  testing  machine.  From  the 
results  of  the  experiments  just  recorded,  it  is  seen  that,  for  clean,  dry 
sand,  the  angle  of  friction  is  very  near  the  angle  of  repose,  which,  gen- 
erally, equals  or  exceeds  30  degrees.  Thus,  the  friction  coefficients 
shown  in  Fig.  9  are  much  too  low,  and  the  results  have  only  a  com- 
parative value. 

The  same  remarks  apply  to  the  results  exhibited  graphically  in 
Figs.  13-15  of  the  Sub-Committee's  report.  In  these  tests,  varying 
percentages  of  water  were  added  to  the  sand,  and  the  computations  gave 
values  of  cf>  varying  from  9°  40'  to  16°  40',  and  values  of  h,  from  0  to  8 
lb.  per  sq.  in.,  whereas  we  should  naturally  expect  <^  to  exceed  30°  and  k 
to  have  a  much  lower  value  than  the  maximum  stated.  The  dis- 
crepancies are  partly  due  to  the  fact  that,  in  the  formula  used,  (1)  the 
walls  were  not  supposed  to  carry  any  of  the  piston  load,  though  its 
existence  was  fully  realized,  (2)  the  normal  unit  pressure  on  the  rotary 
disk  was  assumed  to  be  uniform  and  equal  to  the  mean  piston  pressure, 
and  (3)  the  coefficient  of  friction  was  assumed  to  be  constant  over  the 
surface  of  the  disk. 

To  form  some  idea  of  the  relative  influence  of  each  of  these  hy- 
potheses, it  will  be  arbitrarily  assumed:  (1)  that  the  cylindrical  walls 
carry  one-fourth  of  the  piston  pressure,  (2)  that  the  normal  pressures 
on  the  base  vary  as  the  ordinates  of  a  parabola,  and  (3)  that  the  coeffi- 
cient of  friction  on  the  disk  is  zero  at  its  center  and  uniformly  increases 
to  a  maximum  at  the  circumference  of  the  disk.  From  what  precedes, 
it  is  evident  that  the  load  carried  by  the  walls  and  the  law  of  variation 
of  normal  pressure  on  the  base  can  only  be  ascertained  by  experiment, 
though  it  is  plain  that  ^he  proportionate  load  carried  by  the  walls  will 
vary  with  the  depth  of  sand,  and  the  coefficients  of  friction  of  sand  on 
sand  and  sand  on  metal,  and  thus  can  vary  within  wide  limits. 

To  judge  from  the  experiments  on  bins  and  the  sand  fill.  Assumption 
(2)  is  reasonable,  and  Assumption  (3)  finds  some  support  from  the 
first  set  of  experiments  with  the  rotary  cylinder.  All  the  assumptions 
are  plausible,  so  far  as  our  present  knowledge  extends,  but  it  must  be 
distinctly  understood  that  the  formulas  deduced  below, are  only  to  be 
used  for  comparative  purposes. 

In  connection  with  Figs.  13-15,  the  Sub-Committee  states  that  the 
normal  pressure  on  the  base  (marked  p„  in  the  figures)  represents  the 
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Mr.    mean  pressure  on  the  large  piston,  or  -— ,  if  P  is  the  piston  load  and  A 
Cain.  -A 

is  the  area  of  the  base  of  the  piston.     Conceive,  then,  the  abscissas  in 

P 
the  figures  to  be  the  values  of  -— ,  and  let  2\  represent  the    revised 

value  of  the  normal  pressure  on  the  base,  as  computed  below. 

Take,  as  an  illustration,  the  case  where  5%  of  water  was  added  to 
the  sand,  Fig.  13,  where  it  was  foin:id  that  k  =  0  and  that  the  straight 
line  dra-wn  made  nn  angle  of  16°  40'  with  the  horizontal;  whence,  if 

p 

—  =100  lb.  per  sq.  in.,  q  =  100  tan.  10°  40'  =  29.97  lb.  per  sq.  in. 
A 

Case  (a). — Let  Pn,  f,  and  h  be  regarded  as  constant,  and  assume  that 

the  cylindrical  wall  carries -—  P;    whence,  as   the    vertical   pressure  on 

the  base  is  now  supposed  to   be  uniformly   distributed   and  equal   to 

3     P  P 

p^^  = -^  we  have,  corresponding  to  -^    =    100,    p„    =    '^'h    ^i^fl 


4    A 
q  =  29.97,  as  given  above. 

If  (p  is  the  angle  of  friction  of  sand  on  sand,  then  tan.  cp 


29.97 


Piston  Pressure 
F 


=  0.399,  and  <^  =  21°  45'. 

Case  (&).— Let  /  and  k  be 
constant,  but  suppose  Pn  to  vary 
as  the  ordinates  of  a  parabola, 
Fig.  19,  and  that,  as  before,  the 
cylindrical  wall  carries  one-fourth 
of  the  piston  load. 

The  radius  of  the  rotating 
disk  =  ?■  =  3.09  in.,  and  the 
radius  of  the  base  of  the  piston 
=  ^  =  6  in. 

Let  the  area  of  the  disk  =  a 
==  Tt  r^,  and  the  area  of  the  piston 

=  A  =  7[E^;  whence,-^-  =  0.265. 

The  vertical  unit  pressure,  in 
pounds  per  square  inch,  at  the 
distance,  p,  from  the  center,  d 
will  be  called  p,„  and  the  values 
of  p„  at  /3   =  0,  p   =  r,  p  =   P 

will  be  designated  p,^,  p^,  and  p._„ 
resiiectively,  as  marked  on  the 
figure. 

When  the  rotary  disk  is  given  a  slight  rotary  motion,  the  sum  of 
the  moments  of  the  forces  resisting  sliding  =  M  also  equals  the 
moment  of  the  external  forces. 
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The  equation  of  the  parabola  is,  Mr 

Cain. 

By  Coulomli's  hnv,  the  resistance  to  shear,  in  pounds  per  square 
inch,  at  a  point  {p,  0)  is,  /  p„  -|-  k,  when  /  =  tan.  <!>,  is  the  coefficient 
of  friction  and  k  is  the  coefficient  of  cohesion.  Whence,  the  resistance 
to  sliding  on  the  elementary  area,  p  d  p  d  6,  is  (f  Pn  -\-  h)  p  d 
p  d  0,  and  its  moment  about  0  is  p  times  this  expression.  On  sub- 
stituting? tlio  value  of  p„  above,  integrating  and  reducing,  we  find, 

M  =    f       f  U'Pn  +  ^)  P'  d  pdn 

=  [(0.841  i^o  +  0.ir,9  jj,)  /  J^iq  —  ra; 
whence, 

7  =  ^ =  (0.841  p„  +  0.15!»ix.)  /  +  k. 

—  r  (I 
3 

As  a  check:  When  p„  is  constant,  p^  =  p.„  and  the  right  member 

reduces  to,  p„  f  -\-  Tc,  as  hitherto  found.* 

As  p,,  is  in  poiuids  per  square  inch,  the  total  load  on  the  base  of  the 

cylinder,  —  P.  is  sjiven  by  the  volume  of  the  solid   of  revolution  trene- 

erated  by  revolving  the  surface  bounded  by  the  horixoutal  axis  through 
0,  the  ordinates,  p^  and  p^,  and  the  parabola,  about  the  vertical  axis 
through  0.  The  volume  equals  that  of  a  cylinder  of  height,  p.^,  area 
of  base.  A,  plus  that  of  the  paraboloid  of  revolution  surmounting  it; 
hence,  as  the  volume  of  the  paraboloid  is  one-half  that  of  the  circum- 
scribing cylinder,  it  is  at  once  found  that, 

I'loiii   hick  of  experimental  knowledge  as  to  the  ratio  of  p,  to  p^, 

2 
assume,   arbitrarily,  p.^   z=   ~  p^,    whence,   from    the    last    equation, 

o 


p^  =  0.J» -—.     On  substituting  these  values  in  the  preceding  equation, 
wp  o])tain. 

q  =  0.8.5:^  (-t)  tan.  <p  +  k. 

As   P  varii's,  if  the  successive  values  of   (0.85;^  1^)   ^'"^^  '/  ^''®  ^^'^'  *^^ 

as  abscissas  and  ordinates,  the  equation  represents  that  of  a  straight 
line  making  the  angle,  <^,  with  the  axis  of  abscissas  and  having  an 

*  "Cohesion  in  Earth,"  Transactions,  Am.  See.  C.  E.,  Vol.  LXXX  (1916),  p.  1336. 
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Mr.    intercept  on  the  q  axis  equal  to  h*     Using  the  simultaneous  values, 
Cain.  p 

q  =  29.97,  —  =  100,  as  g  ven  above  for  the  ease  A;  =  0  and  5%  water. 


-  =  0.351  ; 


Fig.  13,  we  have, 

tan.  (/>  = 

q                29.97 

0.863  4         ''■' 
A 

therefore 

(/,  =  19°  20'. 

Hence,  comparing  this  value  of  </>  with  that  of  Case  (o),  it  is  seen 
that  the  influence  of  the  supposed  parabolic  variation  in  p,i  is  to 
diminish  <^. 

Case  (c). — Let  k,  only,  be  regarded  as  constant,  and  suppose  p„, 
as  in  Case  (6),  to  vary  according  to  the  ordinates  of  a  parabola,  and 
/  to  vary  uniformly  from  zero  at  0  to  a  maximum,  /^,  at  the  edge 
of  the  disk,  so  that, 

/  at  (p,  S)  =  --^  p. 
r 

Also,  as  in  Cases  (o)  and  (6),  regard  —  P  as  carried  by  friction  by 

the  cylindrical  walls. 

On  substituting  this  value  of  /  and  the  previous  value  for  p„  in 
the  general  expression  given  above  for  M,  it  is  found,  after  reduction, 
that, 

q  =  -^  =  [(0.617  2>o  +  0.132  p,)  f,  +  A;]. 

—  r  a 
3 

The  value  of  q  here,  as  hitherto,  is  to  be  regarded  as  simply  the 

2 
value  M  -^  -;-  r  a  ,  using  the  value  of  M  as  given  by  experiment. 

2 

Assuming,  as  in  Case  (b),P2  —  "^  i'o'  ^'^  derive, 

q  =  0.634   (^)   /,  +  k. 
For  the  line  of  Fig.   13  corresponding  to   5%   of  water  and  k  =  0, 

q 
*The    last   equation    can    also   be   conveniently   plotted    by  computing,  q'    =   „  „l.. 


M 


0.853  M   g  r  a 


=     ( —  J  tan.  (^  +  fc,  ami  laying  off  the  correspondinf»  values  of   (-j)   an 


q\  as  aboissas  and  ordinates.    Tt  will  be  seen  that  the  final  equations  for  all  the  ea.ses  can 
be  plotted  as  straight  lines. 
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P 

we  have,  as  before,  q  =  29.97,  corresponding  to  — -  =  100  ;   whence,    Mr. 

A.  Cain. 

from  tlie  last  equation, 

09  97  , 
f,  =  tan.  <p  =  -^^=  0.473; 

therefore 

<^  =  25°  19'. 

The  third  supposition  thus  leads  to  a  greater  (^  than  that  given  in 
Case  (a),  and  a  more  probable  value.  The  changes  in  the  computed 
value  of  (f),  starting  with  the  initial  value,  16°  40',  will  be  seen  from 
the  following  values  of  (ft,  corresponding  to  Cases  (a),  (&),  and  (c)  : 
21°  45',  19°  20',  and  25°  19'. 

If  we  take  the  lower  line  of  Fig.  13,  which  makes  only  the  angle 
10°  10'  with  the  p„  axis  and  corresponds  to  perfectly  dry  sand,  with 
k  =  0,  the  values  of  (f>  for  Cases  (a),  (h),  and  (c),  are,  13°  27',  11°  52', 
and  15°  48'. 

The  values  of  (f>  for  all  the  other  cases  of  Figs.  13-15  will  lie 
between  the  extremes  for  the  two  cases  given,  and  thus  are  all  too 
small,  for,  from  the  independent  experiments  cited  above,  we  should 
expect  (f)  to  exceed  30  degrees.  Evidently,  some  other  influence  has 
been  experienced  than  the  friction  on  the  side-walls  and  the  variation 
of  Pn  and  /.  From  the  results  pertaining  to  Fig.  9  and  the  remarks 
of  the  Sub-Committee  pertaining  thereto,  it  seems  that  the  full  friction 
of  sand  on  sand  was  not  exerted  because  of  the  very  small  incipient 
motion.  It  is  not  stated  in  the  report  whether  Figs.  13-15  refer  to 
"incipient"  or  "actual  motion."  From  Fig.  9,  for  actual  motion  at 
the  rack  of  0.01  to  0.10  in.,  the  average  friction  for  incipient  motion 
was  about  trebled;  and  it  would  be  interesting  to  know,  if  the  actual 
motion  is  still  further  increased,  whether  there  would  be  an  increase 
in  the  computed  friction,  and  also  the  result,  if  the  rack  is  moved 
at  a  uniform  rate  to  avoid  acceleration. 

From  Fig.  9,  it  is  likewise  observed  that,  on  mixing  plaster  of  Paris 
with  the  sand,  to  bind  together  the  grains  of  sand  at  the  surface  of 
the  disk,  the  coefficient  of  friction  was  more  than  doubled.  This  is 
very  significant,  and  would  indicate  that  when  the  loose  grains  of 
sand  are  mixed  with  increasing  quantities  of  clay — thus  forming  a 
series  of  ordinary  earths — the  true  coefficients  of  friction  and  cohesion 
in  earth  would  be  more  nearly  realized. 

It  has  been  assumed,  in  the  case  of  the  rotary  cylinders,  that  their 
inner  surfaces  and  the  base  outside  the  rotary  disk  were  sufficiently 
rough  to  fix  the  sand  in  position  near  them.  If  this  is  not  realized, 
the  results  would  be  invalidated.  In  fact,  if  these  surfaces  were  per- 
fectly smooth,  the  rotation  of  the  disk  would  simply  drag  around 
the  sand  in  the  cylinder.     It  is  possible,  on  account  of  the  smoothness 
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Mr.  of  these  surfaces,  that  some  small  motion  of  this  kind  is  realized, 
*'°'  particularly  for  "incipient  motion",  in  which  case,  the  computations 
made  on  the  basis  of  a  fixed  cylinder  of  sand  would  be  invalidated. 
These  last  remarks  are  especially  pertinent  in  the  case  of  clay,  when 
experimented  on  in  the  rotary  cylinder;  for  the  coefficient  of  clay  on 
metal  is,  perhaps,  very  small,  so  that  it  is  possible  that  not  enough 
friction  exists  to  "fix"  the  cylinder  of  clay  and  prevent  its  rotation. 

The  writer,  in  what  precedes,  has  been  endeavoring  to  account  for 
those  low  values  of  (f>  shown  in  Figs.  13-15,  and,  incidentally,  has 
shown  something  of  the  very  complex  state  of  stress  of  the  earth  in 
the  rotary  cylinder  when  subjected  to  pressure.  It  seems  to  be  im- 
possible to  effect  a  solution  in  the  present  state  of  our  knowledge. 
This  is  disappointing,  as  the  apparatus,  at  first  sight,  promised  useful 
results.  There  is  a  complex  state  of  stress  when  sand  is  subjected 
to  pressure  in  a  non-rotary  cylinder,  though  to  a  less  extent  than  in 
the  former  case.  On  account  of  this  complexity,  the  writer  has  never 
been  very  hopeful  of  attaining  practical  results  with  any  apparatus 
where  the  earth  is  confined  in  a  small  space,  and  thinks  that  many 
published  results,  derived  by  aid  of  such  an  apparatus,  are  very 
misleading.  ♦ 

The  experiments  relating  to  "conjugate  pressures",  made  by  aid 
of  the  apparatus  shown  in  Fig.  16,  the  results  being  exhibited  graphi- 
cally in  Fig.  8,  are  interesting.  As  the  Sub-Committee  states,  referring 
to  the  relation, 

Pb^    /I  —  sin.  <p\  ^ 
p^        \i  +  sin.  <p/    ' 

"the  equation  defines  the  mode  of  equilibrium  at  a  definite  point  in 
a  cohesionless  material  when  the  particles  exert  their  maximum  fric- 
tional  resistances."  Hence,  for  the  theory  to  be  exactly  realized,  both 
piston  and  gauge  would  have  to  be  of  infinitesimal  dimensions,  with 
their  centers  only  a  minute  distance  apart.  Mechanical  difficulties 
limit  the  least  practicable  distance  between  these  centers  to  4  in.,  so 
that  it  is  probable  that  the  lateral  thrust  in  the  sand  due  to  the  piston 
pressure  is  changed  in  amount  and  direction  in  traversing  the  4  in., 
so  that  the  theory  is  not  exactly  realized.  It  would  be  less  exact  if 
the  distance  between  centers  was  further  increased.  Although  the 
mean  values  of  <f>  computed  from  the  formula  are  doubtless  not  the  true 
ones,  still,  the  comparative  results  are  valuable  for  values  of  Pa  varying 
from  0  to  300  lb.  per  sq.  in.,  and  they  seem  to  indicate,  as  stated,  that 
internal  "friction  is  a  function  of  the  pressure  and  the  density."  The 
experiments  by  Bell,  cited  previously,  relating  to  sliding  of  sand  over 
sand  under  varying  pressures,  are  in  line  with  this  statement,  for  when 
the  sand  was  "well  rammed"  in  the  cylinder,  the  derived  value  of  <f> 
was  much  greater   than   when  the   sand   "was  merely  poured   in   the 
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cylinder   and   shaken."     Similar  experiments  by   Mil.   Jacquinot   and    Mr. 
Frontard*,  on  earth  taken  from  a  dam,  indicated  but  little  change  in 
(fi  from  ramming  or  puddling,  but  it  was  stated  that  puddling  and  ram- 
ming could  more  than  double  the  coefficient  of  cohesion. 

The  Sub-Committee's  report  is  necessarily  a  preliminary  one,  and 
'"the  results  of  experimentation  submitted  at  this  time  are  to  be  con- 
sidered tentative."  The  experimental  work,  of  course,  is  of  a  high 
order,  and  is  valuable  as  an  introductory  investigation,  particularly 
as  to  the  relative  value  of  various  methods  of  experimentation. 

As  the  tests  proceed,  there  will  doubtless  be  a  gradual  elimination 
of  the  "unfit",  and  a  "survival"  of  the  best  methods  and  apparatus  for 
dealing  with  soil  pressures  under  various  conditions  such  as  occur  in 
practice. 

•  Referred  to  in  Transactions,  Am.  Soe.  C.  E.,  Vol.  LXXX   (1916),  p.  1321. 
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JOHN  HATFIELD  PRAZEE,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  May  4th,  1917. 


John  Hatfield  Frazee,  the  son  of  Lawrence  Fisher  Frazee  and 
Sarah  Lee  (Stark)  Frazee,  was  born  at  South  Amboy,  N.  J.,  on  Sep- 
tember 23d,  1867.  His  father,  who  was  also  born  in  New  Jersey,  was 
engaged  in  the  railroad  and  transportation  business,  and,  during  the 
Civil  War,  had  charge  of  transporting  troops  for  the  Federal  Govern- 
ment. He  devoted  much  of  his  time  to  various  inventions,  including 
a  lifeboat,  which  was  adopted  by  the  Navy  Department,  and  a  canal- 
boat  which  was  designed  to  avoid  the  destruction  of  banks  by  wave 
action;  he  also  invented  the  collapsible  gates  commonly  used  on  ele- 
vated railway  and  subway  trains  and  on  ferry-boats,  and  applied  for 
and  secured  patents  on  various  devices  for  improving  transportation 
facilities. 

His  son,  John  Hatfield  Frazee,  received  his  engineering  degree  from 
New  York  University,  from  which  he  was  graduated  in  June,  1886. 
Shortly  after  he  entered  the  office  of  the  late  Charles  B.  Brush,  M. 
Am.  Soc.  C.  E.,  being  assigned  by  Mr.  Brush  to  general  city  work. 
Entering  the  service  of  the  Pennsylvania  Railroad  during  the  summer 
of  1887,  he  served  in  the  field  party  of  E.  F.  Brooks,  Engineer  of 
Maintenance  of  Way,  on  the  Princeton  Draw-bridge,  the  new  pas- 
senger line  through  Elizabeth,  N.  J.,  and  on  a  number  of  bridge  and 
grade  changes,  including  the  Jersey  City  elevated  and  terminal  work. 
Mr.  Frazee  was  then  appointed  Assistant  Engineer  in  charge  of  the 
location  and  construction  of  the  Jersey  City  elevated  and  terminal 
work,  and,  on  its  completion,  had  charge  of  the  Harsimus  Cove  third- 
track  improvement,  including  four  bridges  and  various  improvements 
in  and  about  the  Jersey  meadows  and  river  crossings.  He  was  then 
given  charge  of  the  elevated  work  contemplated  through  Elizabeth, 
including  the  location  and  construction  of  abutments,  piers,  ribbed 
arch  bridges,  retaining  walls,  and  about  5  000  ft.  of  double-track 
trestle. 

In  the  early  part  of  1893,  Mr.  Frazee  resigned  from  the  Penn- 
sylvania Railroad  service  to  become  Engineer  of  Construction  on  the 
Lancaster   and   Columbia   Railroad,   a   12-mile  line  of  standard  con- 

•  Memoir  prepared  by  R.  W.  Creuzbaur,  M.  Am.  Soc.  C.  E. 
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struction.  Afterward  he  had  charge  of  the  location  and  construction 
of  trolley  lines  in  and  about  Hartford,  Conn.,  and,  subsequently,  of 
the  location,  estimates,  and  construction  of  the  Ivy  Hill  Storage  Reser- 
voir, for  Newark,  N.  J.  In  May,  1894,  he  was  appointed  Chief  Engi- 
neer of  the  Hartford  Street  Railway.  This  System  was  about  to  be 
changed  from  horse  to  electric  power,  and  the  work  planned  and  car- 
ried out  involved  the  reconstruction  of  existing  lines,  20  miles  of  new 
tracks,  trestles,  bridge  abvitmeuts,  and  power  stations,  all  on  the  best 
standards. 

In  February,  1897,  Mr.  Frazee  entered  the  service  of  the  City  of 
New  York,  and  his  record  up  to  the  time  of  his  death  shows  great 
activity  and  capacity  not  only  for  thorough  study  of  engineering 
projects  and  contracts,  but  also  for  many  constructive  changes  in 
various  branches  of  city  work.  He  was  first  engaged  in  1897  as 
Assistant  to  the  writer  on  street  and  highway  improvements  in  the 
Department  of  Public  Works  in  the  old  City  of  New  York.  This 
work  co.st  $3  000  000  during  that  year,  and  included  the  reconstruction 
of  Park  Avenue  over  the  New  York  Central  Railroad  tracks,  and 
many  street  changes  and  improvements.  He  was  also  specially  detailed 
at  this  time  on  studies  of  electrolysis  of  underground  pipes,  etc.  The 
late  Edward  P.  North,  M.  Am.  Soc.  C.  E.,  was  Consulting  Engineer 
of  the  Department,  and  did  much,  by  his  able  professional  leadership 
and  active  interest,  to  mould  the  efforts  of  the  entire  Engineering  Corps 
toward  high  standards  of  ethics  and  efficiency. 

On  the  consolidation  of  "Greater  New  York"  in  January,  1898,  the 
Highway  Bureau  of  Manhattan  had  jurisdiction  over  the  whole  city, 
and  the  engineers  proceeded  to  standardize  specifications  for  such 
work,  Mr.  Frazee  having  an  important  part  in  this  difficult  under- 
taking. Subsequently,  and  after  the  writer  had  left  this  branch  of  the 
city  service,  Mr.  Frazee  resigned  to  engage  for  some  time  in  his  former 
specialty  of  electric  railway  construction,  as  Resident  Engineer  of  the 
Dallas  (Tex.)  Consolidated  Electric  Street  Railway.  He  was  afterward 
engaged  on  the  location  and  designs  for  the  New  York  Connecting  Rail- 
way, including  the  Hell  Gate  Bridge  project,  on  which,  in  its  initial 
stages,  he  made  recommendations  for  changes  showing  large  economy 
in  the  estimates  of  cost. 

In  December,  1904,  he  accepted  a  position  with  the  Department  of 
Finance  of  New  York  City,  reporting  to  the  writer  in  the  general  super- 
vision of  engineering  work.  In  the  early  part  of  the  following  year,  he 
was  duly  appointed  a  First  Assistant  Engineer,  and  thereafter  served 
in  many  important  matters,  reporting,  as  a  technical  adviser  of 
Comptrollers  Coler,  Grout,  Metz,  and  Prendergast,  on  many  hundreds 
of  projects  and  contracts.  He  was  advanced  in  five  promotions  until 
1914,  when  he  was  transferred  to  the  new  Bureau  of  Contract  Super- 
vision of  the  Board  of  Estimate,  for  which,  at  the  time  of  his  death. 
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he  was  haiulliug  many  of  the  most  important  nmnicipal  enj^ineering 
questions  and  contract  works,  includini;'  all  the  dual  subway  contract 
Itropositions  for  the  city. 

The  power  of  the  Comptroller  of  the  City  of  New  York  is  excep- 
tionally broad  and  far-reachinpr.  and  the  members  of  the  small  staff 
of  engineers  reporting  to  him  were  entrusted  with  the  inves- 
tigation of  projects,  estimates  of  cost,  and  plans  of  every  variety  of 
engineering  work,  and  were  held  responsible  for  the  supervision  and 
proper  execution  of  such  work  after  funds  had  been  appropriated  by 
the  Board  of  Estimate.  Mr.  Frazee  had  special  ability  for  analytical 
study  of  these  matters,  and,  having  gone  through  a  training  in  design 
and  construction,  his  reports  on  the  many  projects  and  contract  work 
placed  in  his  charge  were  gauged  by  the  stern  necessities  of  good 
|)ractice  and  economy,  and  were  of  great  practical  and  money  value 
to  the  City.  His  associates  looked  to  him,  in  these  dozen  years  of 
such  special  service,  as  an  expert  of  much  ability  along  these  lines  of 
work,  and,  above  all,  as  a  man  of  absolute  honesty  and  perfect  candor 
in  his  straightforward  exposition  of  defects  in  work  or  design  and 
his  constructive  recommendations  on  plans  and  methods  involved 
in  the  propositions  of  the  many  departrnents  and  bureaus  having 
authority  to  spend  the  money  of  the  taxpayers. 

His  many  adverse  reports  unavoidably  reflected  on  the  conduct 
of  these  public  affairs  by  the  Borough  Presidents,  Commissioners, 
and  Engineers,  including  many  of  the  distinguished  members  of  the 
Profession  associated  with  the  New  York  Departments,  but  every  engi- 
neer who  met  the  logic  of  Mr.  Frazee,  in  the  reports  on  these  railroad, 
bridge,  dock,  sewer,  and  other  questions,  in  the  works  which  the  City 
has  been  called  on  by  them  to  finance,  had  respect  for  his  ability  and 
impartiality  in  handling  the  responsible  duties  assigned  to  him. 

Keferring  only  briefly  to  the  most  important  matters  on  which  he 
made  such  original  recommendations  for  changes  in  plans  and  esti- 
mates prepared  by  the  various  departmental  engineers,  and  where  he 
contested  claims  connected  with  the  many  contracts  made  the  subject 
i>f  litigation  and  handled  by  the  Comptroller's  engineers,  his  recom- 
mendation to  the  writer  of  the  advantage  in  municipal  works  of  utiliz- 
ing what  was  called  "percentage  unit  bidding",  is  noted.  This 
method  was  put  into  effect  in  the  Bureau  of  Sewers,  of  Brooklyn, 
in  1907,  where,  for  10  years,  it  has  operated  to  promote  competition 
and  reduce  unbalanced  bids,  litigation,  and  undue  profit  or  loss  to  the 
contractors.  Again,  in  1905,  through  Mr.  Frazee's  personal  investiga- 
tions, there  was  disclosed  what  were  found  to  be  extensive  and  serious 
defects  in  sewer  construction  in  Brooklyn,  of  such  far-reaching  import- 
ance that  it  necessitated  in  1906  a  re-organization  of  the  Bureau  of 
Sewers  and  the  appointment  of  a  new  Chief  Engineer  recommended 
bv  ^Ir.  Frazee. 
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By  diligent  investigation  he  also  brought  out  many  cases  where 
City  funds  were  afterward  saved  in  carrying  out  sewer  and  water 
supply  projects  and  in  certain  sewage  disposal  plants  under  construc- 
tion, and  took  the  initial  steps  which  enabled  the  City  to  resist  false 
claims  successfully.  These  are  small  matters  compared  with  the  sav- 
ing effected  by  his  logical  and  stubborn  resistance  to  applications  for 
large  appropriations  for  contracts  of  questionable  utility  to  be  loaded 
on  the  City  Treasury.  In  spite  of  more  or  less  bitter  opposition  from 
the  officials  favoring  these  appropriations,  Mr.  Frazee  scored  over  and 
over  again,  and,  directly  through  his  personal  efforts,  saved  many 
millions.  Two  of  these  cases  may  be  cited,  and  in  these  the  writer, 
not  then  associated  with  the  City,  co-operated  with  him:  First,  he 
defeated  a  makeshift  reconstruction  of  the  Queensboro'  Bridge  to 
accommodate  subway  trains  as  well  as  elevated  and  surface  lines.  In 
1908,  or  shortly  after  the  Quebec  Bridge  failure,  the  first  steps  toward 
investigation  of  the  strain  sheets  of  the  Queensboro'  Bridge  were  taken, 
and  the  resolution  was  written,  which  President  Coler,  of  Brooklyn, 
put  through  the  Board  of  Estimate,  allowing  Henry  W.  Hodge,  M. 
Am.  Soc.  C.  E.,  to  be  appointed  to  investigate  this  defective  bridge 
in  which  the  steel,  bid  for  at  a  high  price,  had,  by  the  juggling  of 
politicians,  been  increased  some  37%  over  the  original  weights  on 
which  its  carrying  capacity  had  first  been  estimated.  Having  followed 
this  construction  from  the  first  foundation  work,  and  having  been 
connected  with  the  litigation  arising  out  of  this  matter  in  the  Bridge 
Department,  Mr.  Frazee  was  especially  alert,  in  1914,  on  the  scheme  of 
Commissioner  Kracke  of  the  Department  of  Bridges,  approved  by  the 
Chief  Engineer  of  the  Public  Service  Commission,  to  carry  shortened 
trains  of  the  Municipal  Railways  Company,  running  up  Broadway  and 
through  59th  Street,  over  the  Queensboro'  Bridge  as  a  temporary 
expedient.  This  involved  cutting  down  the  roadway  from  52  to  26  ft., 
allowing  no  turnout  for  vehicles  for  a  length  of  3  700  ft.,  and  required 
in  operation,  on  account  of  the  low  factor  of  safety  in  the  main  mem- 
bers, the  spacing  of  only  six-car  trains  at  3  400  ft.,  and  a  block  signal 
system  limiting  a  single  train  only  on  the  river  span,  on  four  tracks, 
and  other  complications,  making  operation  necessary  at  29  miles  an 
hour  to  approach  the  capacity  of  the  subway  main  line.  Absolutely 
without  support  and  encouragement,  Mr.  Frazee  started  opposition  to 
the  plan  which  had  the  approval  of  the  Administration,  already  com- 
mitted to  the  project  endorsed  by  the  Public  Service  Commission  and 
its  engineers.  The  writer  was  able,  as  a  committee  of  one  of  the 
Citizens'  Union,  to  point  out  these  facts  to  intelligent  members  and, 
at  his  request,  Mr.  Hodge  and  Robert  W.  Quimby,  President  of  the 
Chamber  of  Queens,  were  added  to  his  committee.  The  former  co- 
operated heartily  in  all  that  had  been  done  and  proposed,  with  the 
result  that  the  Administration  reversed  itself,  the  bridge  was  let  alone. 
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and  the  river  tunnel  proposed  at  59th  Street  is  now  nearinj?  com- 
pletion. 

The  estimated  cost  of  the  defeated  plan  in  first  construction,  altera- 
tion, and  subsequent  changes  in  the  subway  amounted  to  $5  000  000, 
and  it  was  when  the  plans  were  near  consummation  to  waste  this 
amount  that  the  ideas  of  Mr.  Frazee  were  carried  out  and  the  plan 
was  abandoned,  wnth  this  saving. 

Another  case  was  Mr.  Frazee's  consistent  opposition  to  the  pro- 
posed filtration  plant  for  the  New  Croton  Aqueduct  supply  in  the 
easterly  basin  of  Jerome  Park  Reservoir,  where  a  contract  had  been 
awarded  for  $5  500  000,  needing  only  the  approval  of  the  Board  of 
Estimate  to  become  operative.  Mr.  Frazee  had  made  various  reports 
on  water  supply  and  filtration,  and  was  familiar  with  the  earliest 
history  of  the  Jerome  Park  Reservoir  and  the  scandalous  methods 
through  which  the  original  contractor  had  been  relieved  of  a  losing 
contract  on  the  plea  that  a  filter  plant  would  be  necessary  in  the  easterly 
basin.  His  reports  on  this  proposition  were  elaborate  and  far-reaching, 
taking  up  the  present  and  prospective  value  of  the  city  property 
proposed  to  be  used  for  the  filtration  work  at  Jerome  Park,  and  the 
actual  conditions  in  the  water-shed,  the  failure  to  prevent  contami- 
nation— even  by  pans — at  the  railroad  trestles  crossing  the  reservoirs, 
and  forceful  arguments  showing  the  opportunities  for  better  sanitary 
protection  of  the  water-shed,  reinforced  as  they  were  by  the  very 
low  and  receding  death  rate  from  typhoid  in  New  York  City,  all  of 
which  resulted  in  his  final  success  and  the  abandonment  of  what  repre- 
sented in  carrying  charges  an  investment  of  $30  000  000  by  the  City, 
and,  in  tlie  several  years  which  have  elapsed  since  that  date,  the 
satisfactory  quality  of  the  water  supply  through  improved  methods  has 
justified  this  action  of  the  City  authorities.  In  this  case,  also,  though 
the  present  Mayor,  who  was  Chairman  of  the  Water  Committee,  with 
nearly  every  other  member  of  the  Board  of  Estimate,  had  approved 
filtration,  he  was  so  broad-minded  as  to  halt  the  proceeding  on  the 
protest  and  to  select  a  committee  of  ten  engineers,  including  Mr. 
Frazee,  to  discuss  these  questions,  and  although  the  representative 
filtration  experts  of  the  country  and  the  engineers  of  the  Water  Depart- 
ments opposed  every  argument  advanced,  Mr.  Frazee  scored  an  abso- 
lute triumph,  and  nothing  more  has  been  heard  of  filtration. 

Mr.  Frazee  was  also  selected  at  various  times  to  serve  on  a  board 
of  engineers  to  report  to  the  City  authorities  on  difficult  matters  affect- 
ing designs  and  ways  and  means  of  constructing  subways  and  rapid 
transit  extensions.  When  considering  the  question  of  whether  or  not 
New  York  City  should  build  pipe  galleries  in  connection  with  its  more 
important  main  lines  of  subways,  he  examined  very  carefully  the 
questions  of  first  cost,  up-keep,  and  the  off-setting  savings  in  mutila- 
tion and  maintenance  of  pavements,  and  favored  pipe  gallery  construe- 
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tion  on  certain  lines  of  the  subway  work.  In  1910,  he  was  selected  by 
the  writer,  acting  as  chairman  of  a  committee  for  the  Mayor,  Comp- 
troller, and  Aldermanic  President,  to  revise  the  contract  forms  and 
specifications  for  the  entire  Tri-borough  System,  presented  to  the 
Board  of  Estimate  by  the  Public  Service  Commission  as  ready  for 
bids.  Out  of  forty  radical  changes  recommended  by  this  committee, 
in  which  Mr.  Frazee  took  a  foremost  part,  twenty-eight  were  accepted 
by  the  Commission  as  recommended,  and  twelve  were  made 
the  subject  of  compromise.  Mayor  Mitchel  being  quoted  at  that  time 
as  stating  that  the  work  of  the  engineering  committee  would  save 
$10  000  000  in  the  cost  of  the  subway  system.  Mr.  Frazee  originated 
most  of  these  constructive  recommendations. 

With  the  passing  away  of  John  Frazee,  the  City  of  New  York  has 
lost  an  engineer  of  inestimable  value  who,  in  the  writer's  opinion,  after 
thirty  years  of  close  observation,  has  done  more  good  work  along 
original  lines  of  engineering  reform  than  any  other  man  in  the  service. 
His  personal  characteristics  were  such  that,  although  generous  and 
open-handed  to  a  fault  among  his  friends  and  confidants,  he  stood  out, 
even  when  unsupported,  with  inflexible  determination  in  every  case 
where  his  employer,  the  great  corporation  of  the  City  of  New  York, 
had  any  interest,  and  it  is  to  be  regretted  that  available  records  and 
opportunities  are  such  that  a  more  complete  account  of  the  accomplish- 
ments of  this  faithful  and  absolutely  honest  engineer — unafraid  to 
carry  out  and  attempt  the  accomplishment  of  his  highest  ideals  in  the 
face  of  much  opposition — cannot  be  assembled  and  made  a  part  of  the 
permanent  record  of  the  City  of  New  York  as  well  as  of  the  American 
Society  of  Civil  Engineers. 

Mr.  Frazee  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  December  6th,  1899. 
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MINUTES  OF  MEETINGS 
OF   THE    SOCIETY 


November  2ist,  1917- — The  meeting  was  called  to  order  at  8.30 
P.  M.;  Director  L.  D.  Rights  in  the  chair;  Chas.  Warren  Hunt,  Secre- 
tary; and  present,  also,  170  members  and  22  guests. 

Two  papers  entitled  "The  Hell  Gate  Arch  Bridge  and  Approaches 
of  the  New  York  Connecting  Railroad  Over  the  East  River  in  New 
York  City",  by  O.  H.  Ammann,  M.  Am.  Soc.  C.  E.,  and  "Stress  Measure- 
ments on  the  Hell  Gate  Arch  Bridge",  by  D.  B.  Steinman,  Assoc.  M. 
Am.  Soc.  C.  E.,  were  presented  by  the  authors  and  illustrated  with 
lantern  slides. 

The  papers  were  discussed  by  Messrs.  Gustav  Lindenthal,  C.  E. 
Fowler,  L.  S.  Moisseiff,  H.  H.  Quimby,  and  I.  Delson. 
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The  Secretary  announced  that  he  had  received  written  discussions 
from  Messrs.  Henry  B.  Seaman,  W.  H.  Breithaupt,  H.  J.  Bingham 
Powell,  J.  A.  L.  Waddell,  F.  H.  Frankland,  L.  A.  Waterbury,  and  F.  D. 
Hughes.  As  the  meeting  had  already  lasted  nearly  three  hours,  and 
midnight  was  approaching,  they  could  not  be  presented. 

The  Secretary  announced  the  following  death: 

William  Stone  Johnson,  of  Boston,  Mass.,  elected  Associate  Mem- 
ber, June  6th,  1894;  Member,  May  1st,  1906;  died  November,  1917. 
Adjourned. 

December  5th,  1917. — The  meeting  was  called  to  order  at  8.30  p.  m. 
The  meeting  was  held  in  the  general  office  of  the  Society  owing  to  the 
fact  that  all  available  meeting  rooms  in  the  Engineering  Societies 
Building  were  occupied  by  the  American  Society  of  Mechanical  Engi- 
neers. President  George  H.  Pegram  was  in  the  chair;  Chas.  Warren 
Hunt,  Secretary;  and  present,  also,  110  members  and  26  guests. 

The  minutes  of  the  meetings  of  October  17th  and  November  7th, 
1917,  were  approved  as  printed  in  Proceedings  for  November,  1917. 

Chas.  Warren  Hunt,  M.  Am.  Soc.  C.  E.,  addressed  the  meeting  on 
"The  Activities  of  the  American  Society  of  Civil  Engineers  During 
the  Past  Twenty-five  Years." 

On  motion,  duly  seconded,  it  was 

"Resolved:  That  Dr.  Hunt's  address  be  published  in  the  Proceedings 
and  Transactions  of  the  Society,  and  that  a  vote  of  thanks  be  given  to 
him  not  only  for  his  services  during  the  i>eriod  covered,  but  for  his 
valuable  and  interesting  paper." 

Messrs.  E.  Gybbon  Spilsbury,  C.  E.  Fowler,  W.  J.  Boucher,  T.  Ken- 
nard  Thomson,  and  John  Bogart  also  spoke. 

Eobert  Ridgway,  M.  Am.  Soc.  C.  E.,  presented  a  letter  from  the 
Military  Engineering  Committee  of  New  York  in  regard  to  the  need 
of  the  Ordnance  Department  for  25  000  skilled  machinists,  men  of 
mechanical  trades,  for  construction  of  depots  and  machine  shops  in 
France  for  the  necessary  repair  of  ordnance.  He  stated  that  the 
assistance  of  the  Military  Engineering  Committee  in  this  State  had 
been  requested,  and  that  it  was  desired,  to  raise  2  000  men  in  and  about 
New  York  City,  and  that  a  recruiting  office  had  been  established.  He 
asked  the  aid  of  all  members  of  the  Society  in  securing  the  men  required 
from  the  mechanical  trades. 

The  Secretary  announced  the  election  of  the  following  candidates 
on  November  27th,  1917: 

As  Members 
Alexander  Clarke  Clogher,  New  York  City 
Wilbur  Ward  Davis,  Melrose,  Mass. 
Robert  Paul  Durham,  Chicago,  Til. 
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George  Stovall  Edmondstone,  Portliind.  Ore. 

WooLSEY  FiNNELL,  Tuscaloosa,  Ala. 

EzR.v  Cl.\rk  Garlovv,  Alliance,  Ohio 

Paul  Emii.e  Merciek,  Montreal,  Que.,  Canada 

George  Edward  Rodman.  New  York  City 

Solon  Jones  Stone,  Garden  City,  N.  Y. 

Carl  Voetscii,  Utica,  N".  Y. 

As  A.ssociATE  Members 

KoBERT  Louis  Acker,  Billincrs,  Mont. 

Vincent  Richardson  Andrus,  Kansas  City,  Mo. 

Richard  McLean  Barker,  Lawrenccburg,  Tenn. 

Francis  Bates,  Los  Angeles,  Cal. 

Edmund  Bulkley  Besselievre,  Bayonne,  N.  J. 

George  Leslie  Bilderbeck,  Groton,  Conn. 

Thomas  Francis  Bowe,  Hackensack,  N.  J. 

Herbert  Leslie  Bovnton,  Haverhill,  Mass. 

Edavard  Sedley  Bres,  New  Orleans,  La. 

William   Edward  Brown,  San  Domingo,  Dominican  Republic 

Lee  Marshall  Bush,  Burlingame,  Kans. 

William  Parker  Butler,  Nashville,  Tenn. 

Thomas  Francis  Campbell,  Providence,  R.  I. 

Frank  Wilson  Chappell,  Dallas,  Tex. 

Robert  Carr  Churchill,  Lester,  Pa. 

James  Hopkins  Clark,  Calipatria,  Cal. 

George  Cottingham,  Jr.,  Carrington,  N.  Dak. 

John  Adam  Crowley,  Lynbrook,  N.  Y. 

George  Clapp  Danforth,  Gardiner,  Me. 

Marino  Diaz  Quinones,  Havana,  Cuba 

Walter  Edward  Dickerson,  Brownwood,  Tex. 

John  Russell  Ellis,  Jefferson  City,  Mo. 

William  Lee  Fewsmitii,  Glen  Ridge,  N.  J. 

Raymond  Hanson  Findley,  Omaha,  Nebr. 

John  Brandon  Franks,  Leavenworth,  Kans. 

Gr.\nt  Friel,  Los  Angeles,  Cal. 

Charles  Elijah  Galt,  St,  Louis,  Mo. 

Ray  Stuart  Gatens,  New  York  City 

Oliver  Antrum  Hall,  Juneau,  Alaska 

John  ^Iilton  Hansen,  Jamestown,  N.  Dak. 

Alfred  Reid  Henderson,  Jersey  City,  N.  J. 

Matthew  Charles  Hendrie,  Denver,  Colo. 

Hugh  Browning  Holmes,  New  York  City 

Clarence  Scott  Howell,  New  York  City 

Thomas  Paul  Humphrey,  Kansas  City,  Mo. 
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James  O'Connor  Hunt,  Knoxville,  Tenn. 

Joseph  Greenwood  Hunter,  Washington,  D.  C. 

Nejib  Hovhanness  Jebejian,  Youngstown,  Ohio 

John  Monroe  Johnson,  Am.  Exp.  Force,  France 

William  George  Juengst,  East  St.  Louis,  IlL 

Swan  August  Kalberg,  Springfield,  Mass. 

Edward  Mathias  Killough,  Bethlehem,  Pa. 

Harry  Anderson  La  Eue,  Kansas  City,  Mo. 

Frank  Elmaker  Lawrence,  Am.  Exp.  Force,  France 

Harry  McConnell  Leon,  Brooklyn,  JST.  Y. 

Alfred  Lewald,  St.  Louis,  Mo. 

William  Lewis  Love,  Houston,  Tex. 

Philip  Outerbridge  Macqueen,  Cristobal  Canal  Zone,  Panama 

Charles  William  Hoskins  McKercher,  Sioux  City,  Iowa 

John  Michael  Malloy,  Davenport,  Iowa 

Eoyal  Lee  Mead,  Chicago,  111. 

Reynold  Ferdinand  Melin,  Fort  Monroe,  Va. 

KoBERT  Patchen  Miller,  Los  Angeles,  Cal. 

Henry  Lewis  Moeller,  Hoboken,  N.  J. 

Gilbert  Morrison,  State  College,  Pa. 

Charles  Augustine  Mullen,  Montreal,  Que.,  Canada 
Egbert  Stephen  Needham,  Livingston,  Mont. 

Claire  Green  Norris,  Coney,  Ivans. 
Robert  Norris,  Ami  Arbor,  Mich. 

Owen  Hugh  O'JSTeill,  Santa  Barbara,  Cal. 

George  Carrol  Oxer,  Arrochar,  N.  Y. 

Seth  Perkins,  Jr.,  St.  Augustine,  Fla. 

Charles  Aloysius  Petry,  TTrbana,  111. 

Floyd  Jacob  Pitcher,  ISTew  Haven,  Conn. 

Ben  Tarver  Quarles,  Blooming  Grove,  Tex. 

John  Revell,  N'ew  York  City. 

John  Turner  Rice,  Imperial,  Cal. 

Leo  Bond  Roberts,  Washington,  D.  C. 

Glenn  A.  RufiOLES,  Peoria,  111. 

George  Christl-^n  Schoenberger,  Natchez,  Miss. 

Henry  Darcy  Scudder,  Jr.,  Newark,  N.  J. 

David  Sutton,  Watertown,  Mass. 

Ernest  Osgood  Sweetser,  St.  Louis,  Mo. 

Alfred  Tamm,  Mission,  Tex. 

Robert  Neel  Van  Winkle,  Toledo,  Ohio 

Jeptha  a.  Wade,  Ann  Arbor,  Mich. 

Edward  Whitwell,  New  York  City 

Louis  Arthur  Wilson,  Sibley,  Iowa 

William  Charles  Wolf,  Belleville,  111. 
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As  Associate 
Wii.MAM   Thomas  Headley,  Philadelphia,  Pa. 

As  Juniors 
Hakkv  Conkad  I'^KAxNCis  Albek,  Green  Island,  N.  Y. 
Harold  Crusius  Bird,  Chester,  Pa. 
Stephen  Greville  de  Mahy,  St.  George,  Grenada 
Malcolm  Duncan,  Keading,  Pa. 
George  Edmund  Gambier-Bousfield,  New  York  City 
Reinhold  Bernhard  Hansen,  San  Francisco,  Cal. 
William  Trenholm  Hopkins,  Savannah,  Ga. 
Edwin  August  Humann,  Oakland,  Cal. 
Samuel  P^rry  Laverty,  Lindsay,  Cal. 
Joseph  Irwin  Levy,  Bayonne,  N.  J. 
Vernon  Lemley  Logan,  Hutchinson,  Kans. 
Charles  Harold  McCrea,  Fort  Sheridan,  111. 
William  John  McIntyre,  Morristown,  N.  J. 
Charles  Philip  Mills,  Philadelphia,  Pa. 
Arthur  Franklin  Perry,  Jr.,  Jacksonville,  Fla. 
Har()I.d  Ellwood  Pride,  Chicago,  111. 
Eaymond  Castle  Reese,  Pittsfield,  Mass. 
William  Hepbourne  Russell,  Fort  Benjamin  Harrison,  Ind. 
Donald  Abram  Smith,  Topinabee,  Mich. 
Ralph  Robert  Smith,  Batavia,  N.  Y. 
Jean-Baptiste  Octave  Sneeden,  Glasgow,  Scotland 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on  November  27th,  1917: 

From  Associate  Member  to  Member 
James  Ray  Aikenhead,  New  Y'ork  City 
Guy  Mannering  Bassel,  Maryville,  Tenn. 
Clinton  Llewellyn  Cole,  Meriden,  Conn. 
Erle  Long  Cope,  San  Francisco,  Cal. 
Julian  Clarence  Feild,  Denison,  Tex. 
Thomas  Fleming,  Jr.,  Pittsburgh,  Pa. 
William  Goldsmith,  New  Hampton,  N.  Y. 
William  Henry  Hall,  New  Britain,  Conn. 
Albert  Harrison  Hinkle,  Columbus,  Ohio. 
David  Clayton  Johnson,  New  York  City 
Royal  John  Mansfield,  New  York  City 
Herman  Stabler,  Washington,  D.  C. 
Jesse  Clark  Wright,  Los  Angeles,  Cal. 

From  Junior  to  Associate  Member 
William  Selby  Allan,  Petersburg,  Ind. 
DuMONT   Beerbower,    Cleveland,   Ohio 
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Albekt  Edward  Broker,  Chicago,  111. 
Geor(;e  Bryan,  Jr.,  Dulutli,  Minn. 
William  Fisher  Drury,  Waterville,  Me. 
Lester  Gurney,  Springfield,  Mass. 
George  Alfred  Helmstetter,  Syracuse,  N.  Y. 
Alfred  Sparks  Hirzel,  Wilmington,  Del. 
Samuel  Frank  Newkirk,  Bayside,  N.  Y. 
Harry  Brownley  Pearson,  Jr.,  Swedeland.  Pa. 
Gilbert  Cobb  Staehle,  Minneapolis,  Minn. 
John  Wright  Taussig,  New  York  City 
Earle  Chester  Waite,  South  Bethlehem,  Pa. 
William  Albert  Yeo,  Pearl  Lagoon,  Nicaragua 

The  Secretary  announced  the  following  deaths : 

John  Griffiths  Brown,  of  Philadelphia,  Pa.,  elected  Associate, 
July  9th,  1906;  Member,  September  3d,  1913;  died  October  22d,  1917. 

H.VRVEY  Cooper  JVIiller,  of  Brooklyn,  N.  Y.,  elected  Member,  June 
5th,  1901;  died  November  23d,  1917. 

Nelson  James  Welton,  of  Waterbury,  Conn.,  elected  Fellow.  Jan- 
uary 20th,  1873;  died  June  5th,  1917. 

Adjourned. 

December  19th,  191 7. — Because  of  the  necessity  of  going  to  press 
with  this  nvimber  of  Proceedings  in  advance  of  this  meeting,  the  publi- 
cation of  its  minutes  must  be  deferred  imtil  January,  1918. 

OF  THE  BOARD  OF  DIRECTION 

(Abstract) 

November  27th,  1917. — .The  Board  met  at  10.30  p.  :m.,  immediately 
after  the  adjournment  of  the  Membership  Committee ;  President  Pegram 
in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and  present,  also,  Messrs. 
Flinn,  Humphreys,  Kittredge,  Noble,  and  Tillson. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election 
of  10  Members,  79  Associate  Members,  1  Associate,  and  21  Juniors, 
and  the  transfer  of  14  Juniors  to  the  grade  of  Associate  Member. 

Thirteen  Associate  Members  were  transferred  to  the  grade  of 
Member. 

A  Report  from  the  Membership  Committee  was  received  and  acted 
upon. 

Adjourned. 
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SOCIETY  ITEMS  OF  INTEREST 

Resolutions  Adopted  by  the  Executive  Committee 

American  Society  of  Civil   Engineers, 

November  27th,   1917. 

Whereas,  It  has  come  to  be  gt'iierally  recognized  that  the  prosecu- 
tion of  the  present  war  to  a  successful  issue  requires  that  all  forces, 
esp(>eially  human  forces,  must  be  co-ordinated  and  classified,  and  that 
technically  trained  men  must  be  employed  on  lines  along  which  their 
particular  training  may  be  used  to  the  greatest  advantage;  and 

Whereas,  The  messages  that  have  come  to  the  Engineers  of  the 
United  States,  through  the  several  missions  from  our  Allies,  have 
confirmed  and  reinforced  the  belief  that  the  service  of  the  Engineer  is 
essential  and  must  be  properly  applied;  and 

Whereas,  The  supply  of  technically  trained  Engineers  for  present 
and  future  uscfvilness  must  be  continuous;  be  it 

Resolved,  That,  in  the  opinion  of  the  Board  of  Direction  of  the 
American  Society  of  Civil  Engineers,  all  possible  consideration  should 
be  given  to  students,  who  are  certified  by  Engineering  Schools  of 
recognized  reputation  as  having  evidenced  their  capacity  to  become 
Engineers,  to  continue  their  education  to  graduation,  if  possible,  and, 
in  any  event,  until  necessity  demands  their  call  to  active  service. 

These  resolutions  were  forwarded  to  the  Secretary  of  War,  and  to 
other  ofiicials,  and  resolutions  covering  the  same  ground  have  been  pre- 
sented from  Engineering  Council,  from  the  Society  for  the  Promotion 
of  Engineering  Education,  and  doubtless  from  other  bodies.  The 
result  has  been  that  the  following  has  been  added  by  the  Provost 
Marshal  General  to  Section  151  of  the  Selective  Service  Regulations: 

"Under  such  regulations  as  the  Chief  of  Engineers  may  prescribe 
a  proportion  of  the  students  pursuing  an  engineering  course  in  one  of 
the  approved  technical  engineering  schools  listed  in  the  War  Depart- 
ment, as  named  by  the  school  faculty,  may  enlist  in  the  Enlisted  Reser\'e 
Corps  of  the  Engineer  Department  and  thereafter  upon  presentation 
by  the  registrant  to  his  local  board  of  a  certificate  of  enlistment,  such 
certificate  shall  be  filed  with  the  Questionaire  and  the  registrant  shall 
be  placed  in  Class  V  on  the  ground  that  he  is  in  the  militarj^  service  of 
the  United  States." 

The  regulations  of  the  Chief  of  Engineers  limit  this  privilege  to 
those  students  to  whom  the  school  issues  the  following  certificate  prop- 
erly attested  by  the  President  of  the  school : 

I  hereby  certify  that 

is  a  regular  student  of  the class  in  good  standing, 

as  a  candidate  for  an  Engineering  degree  at • 

and  that  in  the  judgment  of  the  faculty  of  this 
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school,  based  upon  his  academic  record,  supplemented  by  his  relations 
with  fellow  students  and  by  observation  of  his  instructors,  he  may  fairly 
be  regarded  as  deserving  a  place  in  the  first  third  qualitatively  of  the 
young  men  graduating  from  this  institution  during  the  past  ten  years. 

The  above  was  approved  by  the  Secretary  of  War,  December  8th, 
1917. 

The  following  letter  has  been  received : 

"WAR  DEPAETMENT 

"Office  of  the  Chief  op  Engineers 
"Washington 

"December  6,  1917. 
"Dr.  Charles  W.  Hunt, 

"Secretary,  American  Society  op  Civil  Engineers, 
"33  West  Thirty-ninth  Street. 
"New  York  City. 
"My  dear  Dr.  Hunt  : 

"1.  Receipt  is  acknowledged  of  your  letter  of  December  1,  1917, 
addressed  to  the  Secretary  of  War  and  transmitting  copy  of  the  resolu- 
tion adopted  by  the  Executive  Committee  of  your  Society  at  its  meet- 
ing of  November  27,  1917.  Secretary  Baker  has  directed  me  to  reply 
to  this  communication. 

"2.  The  question  of  the  exemption  of  engineering  students  has 
been  under  advisement  by  this  office  for  some  time.  Considerable 
correspondence  has  been  received  from  the  heads  of  different  engineer- 
ing collies  and  others  interested  in  the  advancement  of  engineering 
education. 

"3.  Several  weeks  ago  a  memorandum  was  submitted  by  this  office 
to  the  Provost  Marshal  General  recommending  that  a  certain  propor- 
tion of  the  engineering  students  of  all  engineering  schools  of  the 
country  accredited  by  the  War  Department  be  exempted.  The  details 
are  being  worked  out  by  the  Provost  Marshal  General's  office  and  it  is 
hoped  that  suitable  regulations  may  be  framed  to  afford  relief  before 
the  calling  of  the  next  draft. 

"4.  The  War  Department  has  been  much  gratified  by  the  co-opera- 
tion which  it  has  received  from  the  Engineering  Societies  and  is 
anxious  to  do  all  it  can,  consistent  with  the  exigencies  of  war,  to 
reduce  interference  with  educational  activities,  important  industries 
and  other  activities  of  the  country  at  large  to  a  minimum. 

"Very  sincerely, 

'^.  M.  Black. 
"Major  General,  Chief  of  Engineers." 
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ANNOUNCEMENTS 

The  Reading  Room  of  the  Society  is  open  from  9  A.  M,  to  10 
P.  M.,  every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving 
Day,  and  Christmas  Day. 

FUTURE  MEETINGS 

January  2d,  19 18. — 8.30  P.  M. — A  regular  business  meeting  will 
be  held,  and  a  paper  by  Benjamin  F.  Groat,  M.  Am.  Soc.  C.  E.,  entitled 
"Ice  Diversion,  Hydraulic  Models,  and  Hydraulic  Similarity",  will  be 
presented  for  discussion. 

This  paper  is  jjrint'Cd  in  this  numbor  of  Proceedings. 

February  2d,  1918. — 8.30  P.  M. — This  will  be  a  regular  business 
meeting.  A  paper  by  F.  W.  (lardiner  and  S.  Johannesson,  Members, 
Am.  Soc.  C.  E.,  entitled,  "Manhattan  Elevated  Railway  Improvements", 
will  be  presented  for  discussion. 

This  paper  is  printed  in  this  ninnber  of  Proceedings. 

ANNUAL   MEETING 

The  Sixty-fifth  Annual  Meeting  will  be  held  at  the  Society  House, 
on  Wednesday  and  Thursday,  January  16th  and  17th,  1918. 

Committee  of  Arrangements 

Arthur  S.  Tuttle, 
Beverly  E.  Value,  James  F.  Sanborn, 

Clifford  M.  Holland,  Chas.  Warren  Hunt. 

The  Business  Meeting  will  be  called  to  order  at  10  o'clock  on  Wednes- 
day morning.  The  Annual  Reports  will  be  presented,  Officers  for  the 
ensuing  year  elected,  members  of  the  i'^ominating  Committee  sip- 
pointed.  Reports  of  Special  Committees  presented  for  discussion,  Pro- 
posed Amendments  of  the  Constitution  considered,  and  other  business 
transacted. 

REPORTS  OF  SPECIAL  COMAIITTEES 

The  Final  Reports  of  the  Special  Committees  on  Materials  for  Road 
Construction  and  on  Steel  Columns  and  Struts,  and  a  Progress  Report 
of  the  Special  Committee  on  the  Jiegulation  of  Water  Rights,  are, 
printed  in  this  number  of  Proceedings  with  the  Papers  and  Discus- 
sions. 

SEARCHES    IN    THE    LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  liave  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 
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The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar  with 
the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

It  sometimes  happens  that  references  are  found  which  are  not 
readily  accessible  to  the  person  for  whom  the  search  is  made.  In  that 
case  the  material  may  be  reproduced  by  photography,  and  this  can 
be  done  for  members  at  the  cost  of  the  work  to  the  Society,  which  is 
small.  This  method  is  particularly  useful  when  there  are  drawings  or 
figures  in  the  text  which  would  be  very  expensive  to  reproduce  by 
hand. 

A  list  of  989  bibliographies  made  in  the  Library,  giving  the  cost 
of  each,  was  published  in  Vol.  LXXX  of  Transactions. 

Since  October  1st,  1916,  the  Library  of  the  American  Society  of 
Civil  Engineers  has  ceased  to  exist,  as  such,  having  been  merged  with 
the  Libraries  of  the  Mining,  Mechanical,  and  Electrical  Engineers, 
and  become  a  part  of  the  Library  of  the  United  Engineering  Society. 
There  were  67  000  accessions,  which  were  not  duplicates,  turned  over 
to  that  Library. 

Hereafter,  therefore,  requests  for  research  should  be  addressed 
to  the  Librarian,  Engineering  Societies  Library,  29  West  39th  Street, 
New  Yoric  City. 

PAPERS    AND    DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
comnnmications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  char- 
acter suitable  for  oral  discussion  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and  on  these  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 
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All  papers  whicli  do  not  conic  under  tliis  heading,  that  is  to  say, 
those  which  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  paixirs  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions  only  will  be  requested 
for  subsequent  publication  in  Proceedings  and  with  the  paper  in  the 
volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429  of  the  August, 
1913,  Proceedings. 

LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN   SOCIETY   OF  CIVIL   ENGINEERS 

San  Francisco  Association,  Organized   1905. 

J.  1).  Galloway,  President;  E.  T.  Thurston,  Secretary-Treasurer, 
57  Post  Street,  San  Francisco,  Cal. 

The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  holds  regular  bi-montlily  meetings,  with  banquet, 
and  weekly  informal  luncheons.  The  former  are  held  at  6  p.  M.,  at  the 
Palace  Hotel,  on  the  third  Tuesday  of  February,  April,  June,  August, 
October,  and  December,  the  last  being  the  Annual  Meeting  of  the 
Association. 

Informal  luncheons  are  held  at  12.30  p.  M.,  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

Colorado  Association,  Organized  1908. 

Robert  Follansbee,  President;  L.  R.  Ilinman,  Secretary-Treasurer, 
1400  West  Colfax  Avenue,  Denver,  Colo, 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  (Denver,  Colo.)  are  held  on  the 
second  Saturday  of  each  month,  except  July  and  August.  The  hour 
and  place  of  meeting  are  not  fixed,  but  this  information  will  be  fur- 
nished on  application  to  the  Secretary.  The  meetings  are  usually  pre- 
ceded by  an  informal  dinner.  ]\Iembers  of  the  American  Society  of 
Civil  Engineers  will  be  welcomed  at  those  meetings. 

Weekly  luncheons  arc  held  on  Wednesdays  at  12.30  p.  M.,  at  Daniel's 
and  Fisher's. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

Atlanta  Association,  Organized  1912. 

B.  M.  Hall,  President;  W.  C.  Spiker,  Secretary-Treasurer,  1408 
Candler  Building,  Atlanta,  Ga. 
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Baltimore  Association,  Organized  1914- 

Masou  D.  Pratt,  President;  Charles  J.  Tilden^,  Secretary-Treasurer. 
The  Johns  Hopkins  University,  Baltimore,  Md. 

Cleveland  Association,  Organized  1914. 

W.  J.  Watson,  President;  George  H.  Tinker,  Secretary-Treasurer, 
516  Columbia  Building,  Cleveland,  Ohio. 

Detroit  Association,  Organized  1916. 

T.  A.  Leisen,  President;  Clarence  W.  Hubbell,  Secretary,  2348 
Penobscot  Building,  Detroit,  Mich. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  December,  April,  and  October,  the  last  being  the  Annual 
Meeting. 

District  of  Columbia  Association,  Organized  1916. 

A.  P.  Davis,  President;  John  C.  Hoyt,  Secretary-Treasurer,  U.  S. 
Geological  Survey,  Washington,  D.  C. 

Duluth  Association,  Organized  1917. 

F.  E.  House,  President;  Walter  G.  Zimmermann,  Secretary,  Wolvin 
Building,  Duluth,  Minn. 

The  regular  meetings  of  the  Association  are  held  at  noon  on  the 
third  Monday  of  each  month  (usually  at  the  Kitchi  Gamma  Club), 
with  luncheon,  followed  by  a  short  business  session  and  reading  of 
papers.  Visiting  members  of  the  American  Society  of  Civil  Engineers 
■can  secure  from  the  Secretary  definite  information  relating  to  the  meet- 
ings, at  which  they  will  be  welcomed.  The  Annual  Meeting  is  held  on 
the  third  Monday  in  May. 

(Abstract  of  Minutes  of  Meeting) 

November  19th,  1917. — The  meeting  was  called  to  ordei*;  Vice- 
President  J.  H.  Darling  in  the  chair;  H.  C.  Ash,  acting  as  Secretary; 
and  present,  also,  22  members  and  1  guest. 

The  Auditing  Committee  reported  that  the  books  of  the  Association 
were  in  order,  and  had  been  re-opened  and  turned  over  to  Treasurer 
Carson.  The  Committee  also  suggested  that  the  Association  remit  the 
dues  of  all  members  absent  on  active  military  service  and  that  their 
names  be  carried  on  the  rolls  as  long  as  they  claimed  Duluth  as  their 
home. 

The  report  was  adopted  and  the  Committee  discharged. 

The  resolutions  adopted  by  the  Board  of  Direction  relative  to  the 
8%  super-tax  on  incomes  of  professional  men,  under  the  new  revenue 
law,  were  read,  and,  on  motion,  duly  seconded,  it  was  decided  to  endorse 
the  resolution  and  protest  the  tax  as  unjust,  the  protest  to  be  signed 
by  the  President  and  Secretary  and  sent  to  representatives  of  the  State 
of  Minnesota  in  the  Senate  and  House  of  Representatives  and  that, 
in  addition,  all  members  of  the  Association  be  urged  to  make  personal 
remonstrances. 

A  committee  was  appointed  to  draw  up  and  present  a  resolution 
of  symi)athy  and  condolence  to  Mr.  Zimmermann  on  the  death  of  his 
■wife. 
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On  motion,  duly  seconded,  it  was  decided  that  the  President  and 
Secretary  constitute  a  Committee  to  see  that  flowers  or  other  appro- 
priate remembrances  be  sent  in  the  event  of  sickness  or  death  in  the 
family  of  any  member. 

]\[r.  H.  L.  Christie  addressed  the  meeting  extemporaneously  on 
the  reconstruction  of  bridges  on  the  Central  Eailroad  of  Peru,  with 
which  work  he  was  connected  in  1909  and  1910.  On  motion,  duly 
seconded,  Mr.  Christie  was  requested  to  put  his  talk  in  the  form  of  a 
paper  for  the  Society  records. 

ilr.  Coleman  also  addressed  the  meeting  relative  to  the  work  done 
by  the  Corps  of  Engineers,  IT.  S.  A.,  since  the  United  States  entered 
the  war. 

Adjourned. 

Illinois  Association,  Organized  1916. 

C.  F.  Loweth,  President,  Chicago,  111. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Monday  of  March,  June,  September,  and  December,  the  last  being  the 
Annual  Meeting.  The  hour  and  place  of  meeting  are  not  fixed,  but 
this  information  will  be  furnished  on  application  to  the  President. 

Louisiana  Association,  Organized  1914. 

\V.  B.  (rr<>g()ry.  President;  Charles  W.  Okey,  Secretary,  Tulane 
University,  Xcw  Orleans,  La. 

The  regular  meetings  of  the  Association  are  held  at  The  Cabildo, 
New  Orleans,  La.,  on  the  first  Monday  of  January,  April,  July,  and 
October. 

Nebraska  Association,  Organized  1917. 

Frank  T.  Darrow,  President;  Homer  V.  Knouse,  Secretary-Treas- 
urer, 115  City  Hall,  Omaha,  Nebr. 

Regular  meetings  of  the  Association  are  held  on  the  first  Saturday 
of  each  month,  except  July  and  August,  and  at  such  places  as  may 
be  appointed  from  time  to  time  by  the  Executive  Committee.  The 
Annual  Meeting  is  held  in  -  Lincoln,  Nebr.,  on  the  second  Friday  in 
January. 

An  "Engineers'  Round  Table"  is  reserved  daily  for  luncheon,  at 
Courtenay's  Restaurant,  17th  and  Douglas  Streets,  Omaha,  to  which 
all  engineers  are  invited.  Visiting  members  of  the  Society  are  espe- 
cially urged  to  communicate  with  the  Secretary  when  in  the  city. 

(Abstract  of  Minutes  of  Meeting) 

November  loth,  1917. — The  meeting  was  called  to  order  at  8.30 
p.  M.,  at  the  Lincoln  Hotel,  Lincoln,  Nebr.;  Vice-President  Darrow  in 
the  chair;  Homer  V.  Knouse,  Secretary;  and  present  also,  8  members 
and  1  guest. 

The  minules  of  the  September  and  October  meetings  and  of  the 
sijocial  meeting  of  July  28th,  1917,  were  read  and  approved. 

The  Secretary  presented  a  letter  from  Chas.  Warren  Hunt,  Secre- 
tary of  the  Society,  pertaining  to  a  Resolution  adopted  by  the  Board 
of  Direction  on  November  1st,  1917,  in  regard  to  the  War  Revenue 
Act  of  1917. 
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A  letter  from  Henry  R.  Buck,  M.  Am.  Soc.  C.  E.,  relative  to  the 
proposed  establishment  of  Student  Branches  of  the  Society,  was  also 
read. 

On  motion,  duly  seconded,  the  Secretary  was  instructed  to  call 
the  attention  of  the  members  of  the  Association  to  the  matter 
referred  to  in  Mr.  Hunt's  letter,  and  it  was  also  decided  that  the 
Resolution  be  discussed  and  acted  on  at  the  December  meeting. 

On  motion,  duly  seconded,  the  Secretary  was  instructed  to  advise 
Mr.  Buck  as  to  the  action  of  the  Association  at  its  meeting  of 
March   3d,    1917,   in   regard   to    Student   Branches. 

On  motion,  duly  seconded,  the  Secretary  was  instructed  to  com- 
municate to  Capt.  Scott  King  and  Capt.  H.  E.  McClintock,  the 
congratulations  of  the  Association  on  their  appointment  to  the  Officers 
Reserve  Corps  of  the  United  States  Army,  and  to  remit  their  dues 
during  their  period  of  service  with  the  Government. 

The  character  of  the  programme  to  be  provided  at  future  meetings 
of  the  Association  was  discussed  by  Messrs.  Campen,  Standeven,  Grant, 
Dobson,  Hershey,  Walsh,  and  Mickey.  No  formal  action  was  taken, 
but  it  was  the  opinion  of  those  present  that  a  definite  subject  should 
be  assigned  for  discussion,  with  short  papers  by  one  or  two  members, 
and  that  frequent  trips  to  works  under  construction  or  being  operated, 
with  short  descriptive  papers,  would  be  a  desirable  feature. 

On  motion,  duly  seconded,  it  was  decided  that  the  December 
meeting  of  the  Association  be  held  in  Omaha,  that  the  programme 
should  pertain  to  Methods  of  Water  Purification,  and  that  there 
should  be  an  inspection  trip  to  the  Alum  Cake  Manufacturing  Plant, 
at  the  Florence  Station  of  the  Metropolitan  Water  District  of  Omaha. 
Messrs.  Prince  and  Knouse  were  appointed  a  Committee  to  take 
charge  of  the  meeting. 

Mr.  George  A.  Campen  presented  an  interesting  description  of 
the  organization  and  work  accomplished  at  the  Fort  Omaha  Balloon 
School  by  Mr.  E.  Wickham,  the  Contractor  for  this  cantonment. 

Adjourned 

Northwestern  Association,   Organized    1914. 

George  L.  Wilson,  President ;  Ralph  D.  Thomas,  Secretary,  508 
South  First  Street,  Minneapolis,  Minn. 

Philadelphia  Association,  Organized  1913. 

Henry  H.  Quimby,  President;  C.  W.  Thorn,  Secretary,  1313  South 
Broad  Street,  Philadelphia,  Pa. 

The  regular  meetings  of  the  Association  are  held  at  the  Engineers' 
Club  of  Philadelphia,  1317  Spruce  Street,  on  the  First  Monday  in 
January,  April,  and  October,  the  last  being  the  Annual  Meeting. 

(Abstract  of  Minutes  of  Meeting) 

October  ist,  1917. — The  Annual  Meeting  was  called  to  order  at  the 
Engineers'  Ch^b,  at  8.30  p.  m.;  President  Samuel  T.  Wagner  in  the 
chair;  C.  W.  Thorn,  Secretary;  and  present,  also,  76  members  and 
guests. 

Messrs.  George  S.  Webster  and  Richard  L.  Humphrey  were 
appointed  Tellers  to  canvass  the  ballots  for  officers. 
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A  resolution  relative^  to  th<^  ostnlilislmiout  of  Student  Branches  of 
tlio  Society  was  iinaniniously  approved  as  adopted  by  the  Board  of 
Direction  of  the  Association. 

(icorg'e  II.  Peg-ram,  President  of  the  Society,  addressed  the  meeting 
on  "The  Construction  of  the  New  York  Subways",  illustratinfj  his 
remarks  witli  hnitern  slides.  At  the  conclusion  of  his  address,  Mr. 
Pe^ram  received  a  rising  vote  of  thanks  for  his  paper. 

The  Tellers  appointed  to  canvass  the  ballots  for  officers  reiiorted 
the  following  elections:  President,  Henry  H.  Quimby;  Vice- 
President.  John  Meigs;  Directors,  W.  L.  Stevenson  and  John  F. 
Murray;  and  Treasurer,  S.  ]\I.  Swaab. 

Mr.  Quimby  then  took  the  chair  and  accepted  the  duties  of  his 
office. 

Adjourned. 

Portland,  Ore.,  Association,  Organized  1913. 

J.  P.  Xewcll.  President;  J.  A.  Currey,  Secretary,  194  North  13th 
Street,  Portland,   Ore. 

St.  Louis  Association,  Organized   1888   (1914). 

J.  A.  Ockerson,  President;  C.  M.  Daily,  Secretary-Treasurer,  34 
East  Grand  Avenue,  St.  Louis,  Mo. 

The  Annual  Meeting  of  the  Association  is  held  on  the  fourth 
^londay  in  November  in  the  Auditorium  of  the  Engineers  Club  of 
St.  Louis.  The  time  and  place  of  other  meetings  are  not  fixed,  but 
this   information   will  be   furnished   on   application  to  the   Secretary. 

(Abstract  of  Minutes  of  Meeting) 

November  26th,  i9i7- — The  Annual  Meeting  was  called  to  order 
at  the  American  Hotel  Annex;  President  Ockerson  in  the  chair; 
C.  M.  Daily,  Secretary. 

The  report  of  the  Secretary-Treasurer  was  read  and  approved. 

A  letter  from  Chas.  Warren  Hunt,  Secretary  of  the  Society, 
relative  to  the  Resolution  of  the  Executive  Committee  of  the  Board 
of  Direction  on  the  War  Revenue  Act  of  1917,  together  with  the 
Resolution,  was  read,  and  the  Act  was  discussed. 

On  motion  duly  seconded,  the  Secretary  was  instructed  to  write 
to  the  Board  of  Direction,  advising  it  that  the  Association  would  do 
all  in  its  pov  er  to  have  the  Act  amended. 

The  report  of  the  Nominating  Committee  was  read,  and,  on 
motion,  duly  seconded,  the  nominations  were  closed. 

A  temporary  Chairman  was  appointed  to  conduct  the  election,  and, 
on  motion,  duly  seconded,  the  Secretary  was  instructed  to  cast  the 
ballot. 

The  following  officers  were  elected:  President,  John  A.  Ockerson; 
First  Vice-President,  Edward  E.  Wall;  Second  Vice-President,  W.  S. 
Mitchell;   and   Secretary-Treasurer,  C.  M.  Daily. 

Capt.  A.  A.  Poland,  Quartermaster  Corps,  U.  S.  Reserves,  addressed 
the  meeting  relative  to  the  efforts  being  made  by  the  various  munici- 
palities and  the  Government  to  reviv6  river  traffic. 
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Mr.  H.  J.  Pfeifer  described  the  effect  of  the  war  on  railroad 
operation  and  the  co-operation  of  the  railroads  with  the  various 
departments  of  the  Government. 

Adjourned. 

San  Diego  Association,  Organized  1915. 

W.  J.  Gough,  President;  J.  R.  Comly,  Secretary-Treasurer,  4105 
Falcon  Street,  San  Diego,  Cal. 

Seattle  Association,  Organized   1913- 

Joseph  Jacobs,  President;  Carl  H.  Reeves,  Secretary-Treasurer, 
444  Henry  Building,  Seattle,  Wash. 

The  regular  meetings  of  the  Association  are  held  at  12.15  p.  M.,  on 
the  last  Monday  of  each  month,  at  The  Frye  Hotel. 

Southern  California  Association,  Organized  1914. 

H.  Hawgood,  President;  H.  W.  Dennis,  Secretary,  329  San 
Fernando  Building,  Los  Angeles,  Cal. 

The  Southern  California  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  (Los  Angeles,  Cal.)  holds  regular  bi- 
monthly meetings  with  banquet,  at  Hotel  Clark,  on  the  second  Wed- 
nesday of  February,  April,  June,  August,  October,  and  December,  the 
last  being  the  Annual  Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  m.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  from  the  Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hos- 
pitality to  any  member  of  the  Society  who  may  be  temporarily  in 
Los  Angeles,  and  any  such  member  will  be  gladly  welcomed  as  a 
guest  at  any  of  the  meetings  or  luncheons. 

Spokane  Association,  Organized   1914. 

J.  C.  Ralston,  President;  B.  J.  Garnett,  Secretary,  City  Hall, 
Spokane,  Wash. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  each  month,  except  July  and  August.  The  hour  and  place 
of  meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
application  to  the  Secretary. 

Visiting  members  are  invited  to  attend  the  meetings  and  luncheons. 

Texas  Association,  Organized   1913. 

John  B.  Hawley,  President;  J.  F.  Witt,  Secretary,  Dallas.  Tex. 

Utah  Association,  Organized   1916. 

George  L.  Swendsen,  President;  H.  S.  Kleinschmidt,  Secretary- 
Treasurer,  30G  Dooly  Building,  Salt  Lake  City,  Utah. 

The  Annual  Meeting  of  the  Association  is  held  on  the  first  Wed- 
nesday in  April.  The  time  of  other  meetings  is  not  fixed,  but  this 
information  v.'ill  be  furnished  on  application  to  the  Secretary. 


December.  1917.]  ANNOUNCEMENTS  769 

PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN   SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  Amorican  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms,  and  at  all  meetings : 

American  Institute  of  Electrical  Engineers,  25  West  Thirty- 
nintli  Street,  Xew  York  City. 

American  Institute  of  Mining  Engineers,  25  West  Thirty-ninth 
Street,  New  York  City. 

American  Society  of  Mechanical  Engineers,  25  West  Thirty-ninth 
Street,  Xew  York  City. 

Assoglacao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 

Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 
Australia. 

Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 
Mass. 

Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 

Canadian  Society  of  Civil  Engineers,  176  Mansfield  Street,  Mon- 
treal, Que.,  Canada. 

Civil  Engineers'  Society  of  St.  Paul,  Public  Library,  St.  Paul, 
]\Iinn. 

Cleveland  Engineering  Society,  Chamber  of  Commerce  Building, 
Cleveland,  Ohio. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 

Dansk  Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 

Detroit  Engineering  Society,  46  Grand  River  Avenue,  West, 
Detroit,  Mich. 

Engineering  Association  of  Nashville,  Commercial  Club  Building, 
Xashville,  Tenn. 

Engineering  Societies  Club  of  Hawaii,  E.  F.  Cykler,  Secretary, 
Honolulu,  Hawaii. 

Engineers  and  Architects  Club  of  Louisville,  1412  Starks  Build- 
ing, Louisville,  Ky. 

Engineers'  Club  of  Baltimore,  6  West  Eager  Street,  Baltimore,  Md. 

Engineers'  Club  of  Kansas  City,  E.  B.  Murray,  Secretary,  920  Wal- 
nut Street,  Kansas  City,  Mo. 

Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minne- 
apolis, Minn. 

Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadel- 
phia, Pa. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  l>6  King  Street,  West,  Toronto,  Ont.. 
Canada. 

Engineers'  Club  of  Trenton,  Trent  Theatre  Building,  12  North 
Warren  Street,  Trenton,  N.  J. 


770  ANNOUNCEMENTS  [Society  Affairs. 

Engineers'  Society  of  Northeastern  Pennsylvania,  415  Washing- 
ton Avenue,  Scranton,  Pa. 
Engineers'    Society    of    Pennsylvania,    31    South    Pront    Street, 

Harrisburg,  Pa. 
Engineers'  Society  of  Western  Pennsylvania,  568  Union  Arcade 

Building,  Pittsburgh,"  Pa. 
Florida  Engineering  Society,  J.  E.  Benton,  Secretary,  Gainesville, 

Fla. 
Institute   of   Marine   Engineers,   The  Minories,   Tower  Hill,   Lon- 
don, E.,  England. 
Institution  of  Civil  Engineers,  Great  George  Street,  AVestminster, 

S.  W.,  London,  England. 
Institution  of  Engineers  of  the  River  Plate,  Calle  25  de  Mayo  195, 

Buenos  Aires,  Argentine  Republic. 
Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C., 

England. 
Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 

S.  W.,  Loudon,  England. 
Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 
Louisiana  Engineering  Society,  State  Museum  Building,  Chartres 

and  St.  Ann  Streets,  New  Orleans,  La. 
Memphis  Engineers'   Club,  Memphis,  Tenn. 
Midland    Institute   of   Mining,   Civil   and   Mechanical    Engineers, 

Sheffield,  England. 
Montana  Society  of  Engineers,  Butte,  Mont. 
North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 

Newcastle-upon-Tyne,  England. 
Oregon  Society  of  Civil  Engineers,  Portland,  Ore. 
Pacific    Northwest   Society   of    Engineers,   803    Central   Building, 

Seattle,  Wash. 
Rochester  Engineering  Society,  Rochester,  N.  Y. 
Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 
Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 
Societe  des   Ingenieurs  Civils  de  France,  19  rue  Blanche,  Paris, 

France. 

Society  of  Engineers,  17  Victoria  Street,  Westminster,  S.  W., 
London,  England. 

Southwestern  Society  of  Engineers,  C.  E.  Barglebaugh,  Secretary, 
703  First  National  Bank  Building,  El  Paso,  Tex. 

Svenska  Teknologforeningen,  Brunkebergstorg  18,  Stockholm, 
Sweden. 

Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Vermont  Society  of  Engineers,  George  A.  Reed,  Secretary, 
Montpelier,  Vt. 

Western  Society  of  Engineers,  1735  Monadnock  Block,  Chi- 
cago, 111. 
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ACCESSIONS  TO  THE 
UNITED  ENGINEERING  SOCIETY   LIBRARY 

(From  November  2d  to  December  1st,  1917) 

DONATIONS* 

The  statements  made  in   these  notices  are  taken  directly  from   the 
booths  themselves,  and  this  Society  is  not  responsible  for  them. 

PRACTICAL  ELECTRICITY. 

By  Terrell  Croft.  N.  Y.,  McGraw-Hill  Book  Co.,  Inc.;  Lond..  Hill 
Publishing  Co.,  Ltd.,  1917.  14  +  646  pp.,  548  illus.,  8x6  in.,  cloth. 
$2.50. 

Written  primarily  to  present  the  fundamental  facts  and  tlieories  of  electricity 
and  its  applications  for  tlie  use  of  students  who  desire  a  working  knowledge  of  the 
subject,  and  secondarily  for  those  who  wish  to  review  and  reconstruct  their  concepts 
of  electric  and  magnetic  phenomena  in  accordance  with  modern  theory  and  practice. 

NAVIGATION. 

By  Harold  Jacoby.  N.  Y.,  The  Macmillan  Co.,  1917.  11  +  330  pp., 
22  ill  U.S.,  8  X  5  in.,  cloth.    $2.25. 

Intended  to  present  the  methods  approved  by  the  most  reliable  modern  authori- 
ties in  a  manner  which  can  be  understood  by  those  without  formal  mathematical  and 
astronomical  knowledge,  and  yet  with  sufficient  completeness  to  make  possible  the 
navigation  of  a  ship  in  any  ocean  not  very  near  the  north  and  south  poles,  without 
other  books  or  tabular  works,  excepting  only  the  Nautical  Almanac  for  the  jear  in 
which  the  voyage  is  made. 

MACHINERY'S    ENCYCLOPEDIA: 

A  Work  of  Reference  Covering  Practical  Mathematics  and 
Mechanics,  Machine  Design,  Machine  Construction  and  Operation, 
Electrical,  Gas,  Hydraulic,  and  Steam  Power  Machinery,  Metallurgy, 
and  Kindred  wSubjects  in  the  Engineering  Field.  Compiled  and  Edited 
by  Erik  Oberg  and  Franklin  D.  Jones.  N.  Y.,  The  Industrial  Press; 
Lond.,  The  Machinery  Publishing  Co.,  Ltd.,  1917.  7  vol..  illus.,  11  x  8 
in.,  J  leather.    $36.00. 

A  convenient  reference  library  for  mechanical  engineers,  shop  foremen,  drafts- 
men, machinists,  etc.,  giving  a  general  survey  of  the  mechanical  field.  Especial 
prominence  is  given  to  practice,  and  mathematical  discussions  are  abbreviated  when 
possible.  The  material  is  based  on  the  articles  published  in  Machinc-rii,  but  th&se 
have  been  supplemented  by  compilations  from  standard  sources  and  by  numerous 
signed  articles.  Tte  work  contains  more  than  3  000  line  illustrations,  and  is  arranged 
alphabetically,  with  frequent  cross-references,  and  is  also  provided  with  an  index  to 
subjects  not  brought  out  in  the  main  headings.  A  guide  to  systematic  reading  is 
appended  to  the  work. 

ACQUIRING  WINGS: 

A  Text  on  the  Basic  Principles  Governing  the  Design  and  Opera- 
tion of  Modern  Air  Craft.  By  William  B.  Stout.  N.  Y.,  Moffat, 
Yard  &  Co.,  1917.     57  pp.,  11  illus.,  7x5  in.,  cloth.     75  cents. 

The  original  draft  of  this  volume  was  written  for  a  small  corps  of  men  from 
various  motor-car  plants,  who  were  sent  abroad  by  the  Government  at  a  certain  stage 
in  the  war,  to  study  aircraft  production  and  its  problems.  Explains  briefly  and  non- 
mathematically  the  principles  of  the  airplane,  its  design,  construction,  and  operation. 

•  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publisher. 
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HOW  TO   FLY 

(The  Flyer's  Manual ) :  A  Practical  Course  of  Training  in  Aviation. 
By  Capt.  D.  Gordon  E.  Ke  Vley.  Arranged  by  Glad  Lewis.  San 
Francisco,  Paul  Elder  and  Co.,  191Y.  100  pp.,  1  por.,  6x4  in., 
cloth.    $1.00. 

Presents  a  series  of  graduated  exercises  for  training  aviators,  intended  to  give 
the  student  confidence  and  self-reliance. 

GLOSSARY  OF   AVIATION   TERMS    (TERMES   D* AVIATION). 

Compiled  by  Victor  W.  Page  and  Paul  Montariol.  N.  Y.,  The 
Norman  W.  Henley  Publishing  Co.,  1917.  94  pp.,  14  pi.,  8x5  in., 
boards.    $1.00. 

Divided  into  an  English-French  and  a  French-English  section.  Includes  the 
terms  in  general  use  in  France  and  America.  The  plates  show  the  details  of  the 
airplane  and  its  equipment,  each  part  bearing  its  name  in  both  languages. 

AN  ELEMENTARY  OUTLINE  OF  MECHANICAL  PROCESSES; 

Giving  a  Brief  Account  of  the  Materials  Used  in  Engineering  Con- 
struction and  of  the  Essential  Features  in  the  Methods  of  Producing 
Them,  also  Describing  Shop  Processes  and  Equipment  for  the  Shaping 
of  Metals  into  Forms  for  Engineering  and  General  Uses.  Arranged 
for  the  Instruction  of  Midshipmen  at  the  U.  S.  Naval  Academy  and 
for  Students  in  General.  By  G.  W.  Danforth.  Annapolis,  The  United 
States  Naval  Institute,  1917.    423  pp.,  270  illus.,  9x6  in.,  cloth. 

Intended  to  show  completely,  yet  briefly,  the  steps  of  metal  manufacture  from 
the  ore  to  the  finished  product. 

THE  TECHNICAL  ANALYSIS  OF  BRASS 

And  the  Non-Ferrous  Alloys.  By  William  B.  Price  and  Richard 
K.  Meade.  2d  ed.,  rev.  and  enl.  N.  Y.,  John  Wiley  and  Sons,  Inc.; 
Lond.,  Chapman  &  Hall,  Ltd.,  1917.  9  +  376  pp.,  25  illus.,  8x5  in., 
cloth.    $3.00. 

A  collection  of  accurate,  quick  methods  intended  to  contain  a  complete  treatment 
of  the  subject  in  one  volume  and  to  occupy  a  place  in  the  analytical  laboratory  cor- 
responding to  that  occupied  by  Blair's  "Analysis  of  Iron."  Contents  :  Introduction  ; 
Determination  of  the  Metals;  Some  Applied  Examples  of  Alloy  Analysis;  Control  and 
Analysis  of  Plating  Solutions. 

HAND  GRENADES: 

A  Handbook  on  Eifle  and  Hand  Grenades;  Compiled  and  Illus- 
trated by  Major  Graham  M.  Ainslie.  N.  Y.,  John  Wiley  &  Sons,  Inc. ; 
Lond.,  Chapman  &  Hall,  Ltd.,  1917.  59  pp.,  23  illus.,  7x5  in., 
cloth.     $1.25. 

Each  type  is  briefly  described,  and  concise  directions  are  given  for  firing  it.  See- 
tional  drawings  show  the  construction.  The  explanations  are  definite  and  concise,  and 
intended  for  persons  with  little  Itnowledge  of  grenades. 

THE  BOOK  OF  THE  MACHINE  GUN. 

By  Maj.  F.  V.  Longstaff  and  A.  Hilliard  Atteridge.  Lond.,  Hugh 
Rees,  Ltd.,  1917.  14  +  337  +  84  pp.,  69  illus.,  16  pi.,  9x6  in.,  cloth. 
$3.50.     (Gift  of  Dodd,  Mead  &  Co.) 

A  history  and  description  of  the  evolution  of  the  machine  gun  in  its  various  types 
and  of  the  evolution  of  machine-gun  tactics.  Includes  a  bibliography  and  a  list  of 
British  patentfi.  The  illustrations  are  arranged  in  chronological  order  and  provide  a 
graphic  presentation  of  the  progress  of  machine-gun  design  and  construction. 
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FIELD  FORTIFICATION: 

A  Study  of  the  Western  Front  in  Europe,  1914-1916.  Reprinted 
from  the  Iiifantri/  Journal,  1917.  Wash.,  The  United  States  Infantry 
Association.  1917.     lOG  pp.,  39  illus.,  10  x  7  in.,  cloth.     $1.00. 

A  description  of  the  general  principles  and  practice  of  to~day,  based  on  aiitlientic 
information.     Intended  for  use  in  educating  soldiers  of  the  United  States. 

THE   ELEMENTS  OF  COAL  MINING. 

By  Daniel  Burns.  Lond.,  Edward  Arnold,  1917.  7  +  230  pp..  113 
illus.,  7x5  in.,  cloth.    $1.10.     (Gift  of  Longmans,  Green  &  Conii)any.) 

An  introductory  course  intended  specifically  for  schoolboys  who  intend  to  become 
coal  miners.  Gives  a  general  idea  of  how  <oal  occurs,  how  it  is  mined,  how  the 
miner  is  safeguarded  while  at  work,  and  how  coal  is  distributed  and  used. 

ORE  MINING  METHODS: 

Comprising-  Descriptions  of  Methods  of  Supijort  in  Extraction  of 
Ore,  Detailed  Descriptions  of  Methods  of  Development  of  Mines,  of 
Stoping  and  Mining  in  Narrow  and  Wide  Veins  and  Bedded  and 
Massive  Deposits,  Including  Stull  and  Square-Set  Mining,  Filling 
and  Caving  Methods,  Open  Cut  Work  and  a  Discussion  of  Costs  of 
Mining.  By  Walter  R.  Crane.  2d  ed.  N.  Y.,  John  Wiley  &  Sons, 
Inc.;  Lond.,  Chapman  &  Hall,  Ltd.,  1917.  13  +  277  pp.,  84  illus., 
9x6  in.,  cloth.    $3.50. 

A  systematic,  detailed  description  of  methods  of  mining  ore,  illustrated  by  photo- 
graphs of  mine  models  and  accompanied  by  statements  of  the  applications  of  each 
method,  its  advantages  and  disadvantages.  Bibliographies  are  included  with  the 
chapters.  This  edition  has  been  revised  and  enlarged,  and  a  chapter  on  the  develop- 
ment of  mines  has  been  added. 

PRACTICAL  BANKING. 

By  O.  Howard  Wolfe.  Chic,  La  Salle  Extension  University,  1917. 
11  +  290  pp.,  95  illus.,  8x6  in.,  leather.     $2.00. 

A  textbook  for  students,  covering  the  fundamental  principles,  but  omitting  those 
subjects  which  can  be  mastered  only  by  experience. 

APPLIED    METHODS   OF    SCIENTIFIC    MANAGEMENT. 

By  Frederic  A.  Parkhurst.  2d  ed.  N.  Y.,  John  Wiley  &  Sons,  Inc. ; 
Lond.,  Chapman  i:  Hall,  Ltd.,  1917.  12  +  337  pp.,  55  illus.,  9  pi.,  9  x  6 
in.,  cloth.    $2,00. 

A  detailed  description  of  the  application  of  methods,  illustrated  by  the  history  of 
their  use  in  the  factory  of  the  Ferracute  Machine  Company.  The  second  editio]i  i^  a 
reprint  of  the  first,  with  twelve  additional  pages  containing  letters  from  the  company 
mentioned,  which  testify  to  the  success  of  the  plan. 

INORGANIC  CHEMISTRY. 

By  Horace  G.  Byers.  N.  Y.,  Chic.  &  Bost.,  Charles  Scribncrs  Sons 
(copyright  1917).    651  pp.,  138  illus.,  8x5  in.,  cloth.    $2.25. 

A  textbook  for  beginners  of  college  grade,  intended  for  use  in  classes  which 
include  those  studying  the  subject  as  a  complement  to  a  liberal  education  and  those 
undertaking  it  as  a  tool  to  be  used  in  various  professions. 

A   LABORATORY   MANUAL  OF  GENERAL  CHEMISTRY. 

By  Horace  G.  Byers.  IST.  Y.,  Chic.  &  Bost.,  Charles  Scribners  Sons 
(copyright  1917).    129  pp.,  49  illus.,  8x5  in.,  cloth.    $1.00. 

A  companion  book  to  the  author's  "Inorganic  Chemistry." 
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INTEGRAL  CALCULUS. 

By  H.  B.  Phillips.  K  Y.,  John  Wiley  &  Sons,  Inc. ;  Lond.,  Chap- 
man &  Hall,  Ltd.,  1917.     194  pp.,  124  illus.,  7x5  in.,  cloth.     $1.25. 

Contents  :  Integration  ;  Formulas  and  Methods  of  Integration  ;  Definite  Integrals  ; 
Simple  Areas  and  Volumes  :  Other  Geometrical  Applications  ;  Mechanical  and  Physical 
Applications  ;  Approximate  Methods  ;  Double  Integration  ;  Triple  Integration  ;  Dif- 
ferential Equations  ;  Supplementary  Exercises,  Answers,  Table  of  Integrals,  Table  of 
Natural  Logarithms  ;  Index. 

THE   DEVELOPMENT   OF   FOREST   LAW   IN   AMERICA: 

A  Historical  Presentation  of  the  Successive  Enactments,  by  the 
Legislatures  of  the  Forty-eight  States  of  the  American  Union  and  by 
the  Federal  Congress,  Directed  to  the  Conservation  and  Administration 
of  Forest  Resources.  By  J.  P.  Kinney.  N.  Y.,  John  Wiley  &  Sons, 
Inc.;  Lond.,  Chapman  &  Hall,  Ltd.,  1917.  18  +  254  -f  21  pp.,  9x6  in., 
cloth.     $2.50. 

The  author  has  sought  to  confine  his  work  to  a  logical  presentation  of  the 
chronological  development  of  legislation  that  was  directed  to  the  preservation  of  exist- 
ing forest  resources,  the  reforestation  and  extension  of  forest  areas,  and  the  systematic 
management  of  forests  for  productive  purposes. 

VENTILATION  LAWS  IN   THE  UNITED  STATES: 

Also  Board  of  Health  Requirements  and  Regulations  of  National 
Board  of  Fire  Underwriters.  Together  with  Model  Ventilation  Require- 
ments as  Promulgated  by  the  American  Society  of  Heating  and  Venti- 
lating Engineers.  3d  rev.  ed.  N.  Y.,  Heating  and  Ventilating  Maga- 
zine Company  (copyright  1917).  178  ijp.,  3  illus.,  6x5  in.,  cloth. 
$1.00. 

Proposed  smoke  prevention  cbdes  for  large  and  small  cities  are  included. 
THE   LIGHTING  ART: 

Its  Practice  and  Possibilities.  By  M.  Luckiesh.  N.  Y.,  McGraw- 
Hill  Book  Co.,  Inc. ;  Lond.,  Hill  Publishing  Co..  Ltd.,  1917.  9  +  229 
pp.,  43  illus.,  9x6  in.,  cloth.    $2.50. 

A  discussion  dealing  with  the  scientific  and  artistic  aspects  of  the  subject,  avoid- 
ing those  which  are  commonly  discussed  and  omitting  engineering  data  and  considera- 
tions. The  author's  aim  is  to  call  attention  to  new  viewpoints  and  new  possibilities  in 
the  use  of  artificial  light. 

STREET  RAILWAY   FARES: 

Their  Relation  to  Length  of  Haul  and  Cost  of  Service.  Report  of 
Investigation  Carried  on  in  the  Research  Division  of  the  Electrical 
Engineering  Department  of  the  Massachusetts  Institute  of  Technology. 
By  Dugald  C.  Jackson  and  David  J.  McGrath.  (Research  Division 
Bulletin  No.  lit).  N.  Y.,  McGraw-Hill  Book  Company,  Inc.;  Lorid, 
Hill  Publishing  Company,  Ltd.,  1917.  13  +  169  pp.,  58  illus.,  9x6  in., 
cloth.     $2.50. 

Gives  the  data  collected  and  conclusions  reached  in  a  research  on  the  economies 
of  the  street  railway  industry  with  particular  reference  to  the  adequacy  of  the  five- 
cent  fare  under  present  conditions  and  the  length  of  ride  given  for  this  fare. 
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THE   ENGINEER'S   MANUAL. 

By  Ivalpli  G.  Hudson,  Assisted  by  Joseph  Lipka,  Howard  B.  Luther, 
and  f)eau  J'eabodv.  N.  Y.,  John  Wiley  &  Sous,  Inc.;  Loud.,  Chapman 
&  Hall,  J.td.,  11)17.     315  pp.,  227  illus.,  8  x  5  in.,  cloth.     $2.00. 

This  work  originated  from  the  conception  that  the  practising  engineer  or  engi- 
neering student  would  welcome  a  consolidation  of  the  formulas  and  constants  for 
which  he  is  accustomed  to  search  through  several  volumes,  and  that  the  application  of 
each  formula  might  be  explained  more  concisely  than  in  texts  devoted  exclusively  to 
the  process  of  derivation.  With  this  in  view,  those  engineering  formulas,  mathe- 
matical operations,  and  tables  of  constants  which  appear  to  be  most  useful  are  pre- 
sented in  systematic  order  and  in  size  of  book  designed  to  fit  the  pocket.  Each 
formula  is  preceded  by  a  statement  in  which  its  application,  the  symbology  of  the 
involved  physical  quantities,  and  definite  units  of  measurement  are  indicated. 

BUILDING  STONES  AND  CLAYS: 

A  Handbook  for  Architects  and  Engineers.  By  Charles  H.  Richard- 
son. Syracuse,  The  Author,  The  Syracuse  University  Book  Store, 
1917.     14  +  437  pp.,  313  illus.,  9  X  6  in.,  cloth.    $5.50.      ■.    ^ 

The  object  of  this  volume  has  been  to  furnish  an  elementary  knowledge  of  the 
essential  minerals  in  building  stones  and  the  objectionable  minerals  they  sometimes 
contain  ;  to  show  the  chief  characteristics  of  the  more  important  building  stones  ;  to 
give  their  geographical  distribution  and  range  in  compressive  strength  ;  to  impart 
some  information  as  to  the  physical  and  chemical  properties  of  clays  and  the  products 
that  may  be  manufactured  from  them.  References  are  given  with  each  chapter,  and  a 
glossary  is  appended  to  the  work. 

TECHNIC  OF   SURVEYING   INSTRUMENTS    AND    METHODS; 

Including-  General  and  Detailed  Instructions  for  Field  and  Office 
Work  of  Extended  Students'  Surveys.  By  Walter  Loring  Webb  and 
John  Charles  Lounsburv  Fish.  K  Y.,  John  Wiley  &  Sons,  Inc. ;  Lond., 
Chapman  &  Hall,  Ltd.,  1917.  16  +  319  pp.,  59  illus.,  7x4  in., 
leather.    $2.00. 

A  combination  of  the  greater  part  of  Webb's  "Engineering  Instruments",  a 
rewritten  text  of  Fish's  "Technic  of  Surveying  Instruments",  and  considerable  addi- 
tional material.  It  is  intended  to  supplement  the  general  directions  given  in  text- 
books on  surveying  by  supplying  detailed  directions  for  specific  operations  in  the  field 
and  office. 

DIE   FISCHWEGE  AN   WEHREN   UND   WASSERWERKEN   IN   DER   SCHWEIZ. 

Von  A.  Harry.  (Publikationen  des  Schweizerischen  Wasserwirt- 
schafts-Verbandes  Nr.  5).  Ziirich  und  Leipzig,  Raseher  &  Co.,  1917. 
115  pp.,  101  illus.,  12  X  9  in.,  pap.  4  francs.  (Gift  of  Schweizerischen 
Wasserwirtschaf  ts-Verbandes) . 

A  systematic  and  detailed  report  on  the  installation  of  flshways  in  water-power 
plants,  their  cost,  and  methods  of  construction,  with  a  study  of  their  value  as  a  means 
of  conserving  the  fish  supply  of  the  country.  Numerous  drawings  and  photographs  of 
existing  installations  are  given. 
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Cooper,    Hugh    L.     Maj.,   Corps   of   Engrs.,   Headquarters,   Am.   Exp. 

Force,  France. 
Copeiand,  Robert  Morris.     2d  Lieut.,  E.  O.  R.  C,  314tli  Engrs.,  Camp 

Funston,  Junction  City,  Kans. 
Corkran,  Wilbur  Sherman.      1st  Lieut.,  Co.  A,  1st  Engrs.,  Am.  Exp. 

Force,  France. 
Cornish,  Lorenzo  D.      Capt.,  E.  O.  R.  C,  Co.  C,  15th  Engrs.   (Ry.), 

Am.  Exp.  Force. 
Cory,  Harry  Thomas.     Maj.,  E.  O.  R.  C.  (Unassigned),  Nevada  Bank 

Bidg.,  San  Francisco,  Cal. 
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Cosby,  Spencer.  Col.,  Corps  of  Engrs.,  \J.  S.  A.,  5th  U.  S.  Engrs.. 
Corpus  Christi,  Tex. 

Cowles,  William  Pierce.  Maj.,  E.  O.  R  C,  3227  Portland  Ave., 
Minneapolis,  Minn. 

Cox,  Leonard  M.  Civ.  Engr.,  U.  S.  N.  (rank  of  Commander)  ;  Public 
Works  Officer,  U.  S.  Naval  Training  Camp,  San  Diego,  Cal. 

Cragin,  Charles  Calhoun.  Capt.,  Co.  C,  18th  Engrs.  (Ky.),  Am. 
Exp.  Force,  France. 

Crane,  Albert  Eli.  1st  Lieut.,  Co.  A,  6th  Engrs.,  Washington  Bar- 
racks, Washington,  D.  C. 

Crawford,  Hugh  W.  Capt.  Co.  A,  110th  Engrs.,  35th  Div.,  Camp 
Doniphan,  Fort  Sill,  Okla. 

Crecelius,  S.  F.  Maj.,  E.  O.  E.  C;  Chf.  Engr.  Officer,  Gen.  Staff, 
Am.  Exp.  Force,  France. 

Crocker,  Herbert  Samuel.  Maj.,  E.  O.  R.  C,  Cantonment  Div., 
O.  Q.  M.  G.,  15th  and  M  Sts.,  N.  W.,  Washington,  D.  C. 

Crocker,  James  R.  Capt.,  Co.  F,  106th  Engrs.,  Camp  Wheeler, 
Macon,  Ga. 

Cromwell,  George.  Capt.,  E.  O.  R.  C,  4th  Co.,  Fort  Leavenworth, 
Ivans. 

Crosby,  W.  W.  Lt.-Col.,  104th  Engrs.,  Camp  McClellan,  Anniston, 
Ala. 

Crozier,  William.  Maj.-Gen.,  U.  S.  A.;  Chief  of  Ordnance,  War 
Dept.,  Washington,  D.  C. 

Cudebec,  Albert  B.  Capt.,  E.  O.  R.  C,  Am.  Exp.  Force,  U.  S!  Mili- 
tary P.  O.  No.  702,  France. 

Curfman,  Lawrence  E.  Maj.,  314th  Engrs.,  Camp  Funston,  Junc- 
tion City,  Kans. 

Currey,  J.  W.  1st  Lieut.,  E.  O.  R.  C,  Co.  C,  115th  Engrs.,  Camp 
Kearney,  San  Diego,  Cal. 

Danforth,  George  Clapp.  Capt.,  E.  O.  R.  C,  29  Pleasant  St.,  Gar- 
diner, Me. 

Darville,  M.  A.     2d  Lieut.,  E.  O.  R.  C,  Training  Camp,  Belvoir,  Va. 

Davidson,  George  B.  2d  Lieut.,  E.  O.  R.  C,  Camp  American  Uni- 
versity, Washington,  D.  C. 

Davis,  Chandler.  Capt.,  6th  U.  S.  Engrs.,  Washington  Barracks, 
Washington,  D.  C. 

Davis,  Daniel  E.  1st  Lieut.,  E.  O.  R.  C,  Care,  Const.  Q.  M.,  Camp 
Hancock,  Augusta,  Ga. 

Davis,  Frederick  A.  W.  1st  Lieut.,  Co.  E,  102d  Engrs.,  Camp  Wads- 
worth,  Spartanburg,  S.  C. 

Davis,  John  C.     Capt.,  C.  A.  O.  R.  C,  Fort  Monroe,  Va. 

Davis,  Robert  M.     1st  Lieut.,  E.  O.  R.  C,  U.  S.  Geological  Survey, 

Washington,  D.  C. 
Davy,  J.  J.     1st  Lieut..  23d  Engrs..  Camp  Meade,  Baltimore,  Md. 
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Dean,   Bertram    D.      Capt.  and  Rcffimcntiil    .Vdjt..   i!r)th    ICiigrs.,  Camp 

Dcvriis.  Aver,  !N[ass. 
de  Charms.  Richard,  Jr.     1st  Lieut.,  E.  O.  R.  C,  Co.  A.  503d  Engrs. 

(  StM-vico  ]>n.).  Am.  Exp.  Force.  Fniiice. 
Dedicke,  E.  C.     2d  Lieut.,  U.  S.  A.,  8  Elizabeth  St.,  Utica,  N.  Y. 
Dennis,  William  F.      Maj.,  E.  O.  R.  C.  (Unassigned),  2201  Massachu- 
setts Ave.,  Washington,  D.  C. 
Dent,  Elliott  J.      Col..  26th  Engrs.,  Camp  Dix,  Wrightstown,  N.  J. 
Derby,  George  McC.      Lt.-Col..  Corps  of  Engrs.,  U.  S.  A.,  U.  S.  Engr. 

OlHco.  :AV  Canal  St.,  New  Orleans,  La. 
Dobson,  Gilbert  C.     Capt.,  E.  O.  R.  C,  314th  Engrs.,  Camp  Funston, 

. I  unction  City,  Kans. 
Doebler,  Valentine  S.     Capt.,  Q.  M.  R.  C,  806  University  Parkway, 

Baltimore,  Md. 
Dohm,   Edward   Clarence.     Capt.,  E.   O.  R.   C,  Vancouver  Barracks, 

Vancouver,  Wash. 
Doten,    Leonard    S.     Capt.,    Q.    M.   R.    C,    1714   Euclid    St.,    N.   W., 

Washington,  D.  C. 
Downing,  C.  E.      1st  Lieut.,  E.  O.  R.  C.  (Unassigned),  Belzoni,  Miss. 
Doyle,  John  S.      Capt.,  E.  O.  R.  C;  Special  Disbursing  Agt.,  Engr. 

Dept.,  U.  S.  A.,  309  Custom  House,  Baltimore,  Md. 
Drew,  C.  D.     Capt.,  11th  Engrs.  (Ry.),  Am.  Exp.  Force,  France. 
Du  Bois,  George  B.     1st  Lieut.,  E.  O.  R.  C. ;  Commander  of  6th  Div., 

Engr.  Train.  V.  S.  A.,  Wasliington  Barracks,  Washington,  D.  C. 
Dunlap,    Walter    H.       Lieut.,    107th    Engrs.,    Camp    Cody,    Deming, 

N.  Mex. 
Dunn,  Beverly  C.     Maj.,  Corps  of  Engrs.,  U.  S.  A.,  West  Point,  N.  Y. 
Dunshee,   Bertram   K.     2d  Lieut.,  E.   O.  R.   C,  316th  Engrs.,   Camp 

Lewis,  Tacoma,  Wash. 
Du   Pre,  Wallace   Duncan.     Lieut.,  Q.  M.  R.   C,  Mechanical  Repair 

Shop,  Unit  No.  303,  Washington,  D.  C. 
Durham,  Leicester.     Capt.,  E.  O.  R.  C,  3d  Co.,  Camp  American  LTni- 

versity,  AVashington,  D.  C. 
Eager,  V.  M.     1st  Lieut.,  E.  O.  R.  C,  210  South  Garden  St..  Belling- 

ham.  Wash. 
Eason,  F.  G.     Capt..  E.  O.  R.  C.  (Unassigned),  Charleston.  S.  C. 
Easton,    Russell    B.      Capt..   E.    O.   R.    C,   2d   Co.,   Fort   Leavenworth, 

Kans. 
Edgerton,  G.  E.      Maj.,  Corps  of  Engrs.,  U.  S.  A.,  Hth  U.  S.  Engrs., 

Brownsville,  Tex. 
Edmondson,   Ralph   S.      1st   Lieut.,   23d   Engrs.,   Camp  Meade,   Balti- 
more, Md. 
Edwards,  G.  G.     Capt.,  Co.  F,  315th  Engrs.,  Camp  Travis,  San  An- 
tonio, Tex. 
Elliott,  J.  W.      Capt.,  E.  O.  R.  C.  (Unassigned),  Care,  Va.  Bridge  & 

Iron  Co.,  Roanoke,  Va. 
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Elliott,  Malcolm.  Maj.,  E.  O.  K.  C,  309th  Engrs.,  Camp  Zachary 
Tayloi',  Louisville,  Ky. 

Ellison,  Alexander  H.  1st  Lieut.,  20th  Engrs.  (Forestry),  519  Penn- 
sylvania Avenue,  Colonial  PL,  Norfolk,  Va. 

Embury,  Aymar,  2d.  Capt.,  E.  O.  E.  C,  Office  of  Chf.  of  Engrs.,  War 
Dept.,  Washington,  D.  C. 

Emerson,  Raffe.  Ensign,  Flying  Corps,  U.  S.  N.  R.  F.,  Box  1312, 
Washington,  D.  C. 

Endicott,  Mordecai  T.  Civ.  Engr.,  U.  S.  IST.  (rank  of  Rear- Admiral)  ; 
Bureau  of  Yards  and  Docks,  U.  S.  Navy  Dept.,  Washington,  D.  C. 

Ernst,  Oswald  H.  Maj.-Gen.,  U.  S.  A.  {Retired),  1321  Connecticut 
Ave.,  Washington,  D.  C. 

Estes,  F.  E.      Capt.,  17th  Engrs.  (Ry.),  Am.  Exp.  Force,  France. 

Everett,  Ralph  B.     Private,  23d  Engrs.,  Camp  Meade,  Baltimore,  Md. 

Fairbanks,  H.  J.  2d  Lieut.,  E.  O.  R.  C,  1st  Co.,  Camp  American 
University,  Washington,  D.  C. 

Farrin,  James  M.      Capt.,  E.  O.  R.  C,  1st  Co.,  Fort  Leavenworth,  Ivans. 

Feigel,  John  H.  1st  Lieut.,  E.  0.  R.  C,  1st  Co.,  Camp  American 
University,  Washington,  D.  C. 

Felton,  S.  M.  Director-Gen.  of  Rys.,  734  Fifteenth  St.,  N.  W.,  Wash- 
ington, D.  C. 

Fenstermaker,  DeWitt  C.  Capt.,  E.  O.  R.  C.  (Unassigned),  North 
McGregor,  Iowa. 

Ferguson,  Harry  Foster.  1st  Lieut.,  E.  O.  R.  C,  Am.  Exp.  Force, 
France. 

F'ernald,  Gordon  H.  1st  Lieut.,  E.  O.  R.  C,  304th  Engrs.,  Camp 
Meade,  Baltimore,  Md. 

Flebeger,  Q.  J.     Col.,  U.  S.  A.,  Headquarters,  Am.  Exp.  Force. 

Fifer,  Frank  P.      Capt.,  E.  O.  R.  C,  Am.  Exp.  Force,  France. 

Finley,  C.  Macf.     Capt.,  E.  O.  R.  C,  Camp  Merritt,  Tenafly,  N.  J. 

Fischer,  Charles,  Jr.  2d  Lieut.,  308th  Infantry,  Camp  Upton,  Yaphank, 
N.  Y. 

Fisher,  Janon.     Maj.,  E.  O.  R.  C.   (Unassigned),  Eccleston,  Md. 

Fitch,  Graham  D.     Lt.-Col.,  U.  S.  A.,  War  Coll.,  Washington,  D.  C. 

FitzGerald,  Gerald  C.  1st  Lieut.,  E.  O.  R.  C,  5th  Co.,  Fort  Leaven- 
worth, Kans. 

FitzPatrick,  F.  J.  Capt.,  508th  Engrs.,  Care,  Chf.  of  Engrs.,  U.  S.  A., 
Washington,  D.  C. 

Flagg,  Herbert  J.      1st  Lieut.,  Wash.  C.  A.  C,  Fort  Flagler,  Wash. 

Flagler,  C.  A.  F.  Col.,  Corps  of  Engrs.,  U.  S.  A.,  Fort  Leavenworth, 
Kans. 

Flick,  John  K.  Capt.,  E.  O.  R.  C.  (Unassigned),  2609  Guilford  Ave., 
Baltimore  Md. 

Fogg,  Alden  K.  Asst.  Civ.  Engr.,  U.  S.  N.  (rank  of  Lieut.  (Junior 
Grade)),  Navy  Yard,  Portsmouth,  N.  H. 
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l-ollin,  James  W.  1st  Lieut.,  San.  Corps.,  U.  S.  A.,  Headquarters,  35th 
J)iv.,  Camp  Doniphan,  Fort  Sill,  Okla. 

l-ord,  William  Ellis.     Capt.,  E.  O.  R.  C,  Camp  Pike,  Little  liock.  Ark. 

Fortney,  C.  Page.  Capt.,  E.  O.  R.  C,  1419  F  Street,  N.  W.,  Wash- 
ington, D.  C. 

Foster,  Ernest  H.  Ensign,  U.  S.  N.  R.  F.,  Ill  Broadway,  New  York 
City. 

Foster,  Samuel  D.  1st  Lieut,  and  A.  D.  C,  Headquarters,  53d  Artil- 
ItTy  Brigad(.\  Camp  Hancock,  Augusta,  Ga. 

Fouilhoux,  J.  Andre.     Capt.,  School  of  Fire,  Fort  Sill,  Okla. 

Fowler,  Charles  Worthington.  1st  Lieut.,  Aviation.  Section,  S.  C, 
T.'hI  Aero  Squadron,  Yale  Club,  New  York  City. 

Fox,  Henry.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 

Frank,  George  Stedman.  Lieut.,  Aviation  Section,  Signal  Corps, 
Am.  Exp.  Force,  France. 

Freeman,  William  B.  Capt.,  E.  O.  R.  C,  Co.  A,  509th  Engrs.  (Service 
Bn.),  Camp  Travis,  San  Antonio,  Tex. 

Froiseth,  Richard  E.      1st  Lieut.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 

Fry,  Alfred  Brooks.  Capt.,  U.  S.  N.,  N.  Y.,  Care,  Commandant,  U.  S. 
Xavy  Yard.  Brooklyn,  N.  Y. 

Galbreath,  Albert  W.  1st  Lieut.,  Co.  B,  12th  Engrs.  (Ry.),  Am.  Exp. 
Force. 

Gallagher,  Leonard  Bruce.  Lieut.,  E.  O.  R.  C,  2d  Co.,  Camp  Ameri- 
can University,  Washington,  D.  C. 

Galloway,  John  D.  Maj.,  E.  O.  R.  C.  (Unassigned),  First  National 
Bank  Bldg.,  San  Francisco,  Cal. 

Galvin,  James  Augustine.  2d  Lieut.,  E.  O.  R.  C,  Co.  E,  301st  Engrs., 
Camp  Dovens,  Ayer,  Mass. 

Gardner,  Warren.  1st  Lieut.,  E.  O.  R.  C,  256  West  57th  St.,  New 
York  City. 

Gartensteig,  Charles.     Capt.,  E.  O.  R.  C.  (Unassigned). 

Gausmann,  Roy  W.  Capt.,  E.  O.  R.  C,  Co.  D,  303d  Engrs.,  Camp 
Dix.  Wrightstown,  N.  J. 

Gayler,  E.  R.  Civ.  Engr.,  IT.  S.  N.  (rank  of  Commander) ;  Engr. 
Adviser  to  the  Government  of  Haiti,  Port  au  Prince,  Haiti. 

George,  Howard  H.  Capt.,  Co.  E,  305th  Engrs.,  Camp  Lee,  Peters- 
burg, Va. 

Gibbs,  E.  A.     'Maj.,  15th  U.  S.  Engrs.  (Ry.),  Am.  Exp.  Force. 

Gibbs,  William  Wetmore.  1st  Lieut.,  E.  0.  R.  C,  Co.  A,  6th  Engrs., 
Washiiigton  Barracks,  Washington,  D.  C. 

Giesting,  Frank  A.     Maj.,  302d  Engrs.,  Camp  Upton,  Yaphank,  N.  Y. 

Glazier,  W.  L.     Maj.,  E.  O.  R.  C,  Newport,  Ky. 

Gpddard,  Leslie  Drew.  Capt.,  E.  O.  R.  C,  144  Alexandrine  Ave., 
West,  Detroit,  Mich. 

Godfrey,  Stuart  C.  .Maj.,  Corps  of  Engrs.,  U.  S.  A.,  Fort  Leaven- 
worth,  Kans. 
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Goethals,  George  R.     Lt.-Col.,  U.  S.  A.,  West  Point,  N.  Y. 
Ooodfellow,  James  Gordon.     Capt.,  lioyal  Engrs.,  49  Ardeu  St.,  Edin- 
burgh, Scotland. 
Goodman,  Leon.     Capt,  lODtli  Engrs.,  Camp  Cody,  Deming,  N.  Mex. 
Gordon,  John    Blake.      Field   Clerk,  Engr.   Corps-at-Large,  Am.   Exp. 

Force,  France. 
Gordon,    Samuel,      Civ.   Engr.,   U.    S.   N".    (rank  of  Lt.-Commander) ; 

Naval  Station,  Xarragansett  Bay,  R.  I. 
Gough,  William  J.     Capt.,  E.  O.  R.  C,  346  W.  Robinson  Ave.,  San 

Diego,  Cal. 
Gould,  WilHam  T.     Capt.,  E.  O.  R.  C,  301st  Engrs.,  Camp  Devens, 

Ayer,  Mass. 
Grant,   Kenneth   C.     Capt.,  E.   O.  R.   C,  Room  258,  Union   Station, 

Washington,  D.  C. 
Grant,  U.  S.,  3d.     Lt.-CoL,  U.  S.  A.,  General  Staff,  War  Coll.,  Wash- 
ington, D.  C. 
Gravell,  William  Menry.     Capt.,  E.  O.  R.  C,  Camp  American  Uni- 
versity, Washington,  D.  C. 
Green,    Clarence    Jasper.     2d    Lieut.,    Oregon    Coast    Artillery,    Fort 

Stevens,  Ore. 
Green,    F.   W.     Capt.,    Co.   A,    12th   Engrs.    (Ry.),   Am.    Exp.    Force, 

France. 
Greenfield,  Robert  A.     303d  Engrs.,  Camp  Dix,  Wrightstown,  N.  J. 
Gregory,  Luther  E.     Civ.  Engr.,  U.  S.  N.  (rank  of  Captain)  ;  Public 

Works  Officer,  Navy  Yard,  Puget  Sound,  Bremerton,  Wash. 
Grehan,  Bernard  H.     2d  Lieut.,  E.  O.  R.  C,  312th  Engrs.,  Camp  Pike, 

Little  Rock,  Ark. 
Griffin,  John  Alden.      Capt.,  Co.  A,  olGth  Engrs.,  Camp  Lewis,  Tacoma, 

Wash. 
Grigsby,  Walter  B.      2d  Lieut.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 
Grindrod,  Irvin  S.     1st  Lieut.,  E.  O.  R.  C.  (Unassigned),  Camp  Amer- 
ican University,  Washington,  D.  C. 
Griswold,   Harry  T.     2d  Lieut.  Asst.  to  Artillery  Engr,,  Fort  H.  G. 

Wright,  Fishers  Island,  N.  Y. 
Griswold,  Hector  C.    Asst.  Civ.  Engr.,  U.  S.  N.  (rank  of  Lieut,  (junior 

Grade));  Navy  Yard,  Washington,  D.  C. 
Griswold,  Lee  S.     Capt.,  E.  O.  R.  C.  (Unassigned),  414  Custom  House, 

San  Francisco,  Cal. 
Gross,  Frederick  H.     2d  Lieut.,  E.  O.  R.  C.  Co.  B,  303d  Engrs.,  Camp 

Dix,  Wrightstown,  N.  J. 
Gross,  Henry  McC.     1st  Lieut.,  149th  M.  G.  Bn.,  42d  Div.,  Am.  Exp, 

Force,  France. 
Guppy,    Benjamin   Wilder,     Maj.,   E.   0.   R.    C,   14th   Engrs.    (Ry.), 

Am.  Exp.  Force,  France. 
Guptill,  Joseph  R.     Private,  Co.  E,  23d  Engrs.,  Camp  Meade,  Balti- 
more, Md. 
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Hague,  William.      1st  Liout..  E.  O.  K.  C.  llOtli  Kiifjrs.,  Ciuiip  Mills, 

:\Iineula.  X.  Y. 
Mains,  Peter  C.     :Nr:i.i.-( Jciu.  U.  S.  A.  {Retired);  Eiigr.,  Norfolk  Dist., 

Custom   House,   Norfolk,   Va. 
Halcombe,  N.  M.      Cajit..  Tinval  Elyiiifr  Corps,  Eprypt. 
Haldeman,  Walter  S.      Capt.,    E.  O.  R.  C,  Fort  Leavenworth,  Kans. 
Hale,  Richard  King.     Lt.-CoL,  101st  Field  Artillery,  Am.  Exp.  Force. 
Hall,    Benjamin    M.,   Jr.      1st   Lieut.,    Co.   B,   26tli    Engrs.,   Am.   Exp. 

Force. 
Hall.   Louis  W.     Capt.,  E.   O.  R.   C,  Lines  of  Communication,  Am. 

Exp.  Force,  France. 
Hall,  Warren  E.      Capt.,  E.  O.  R.  C.  (Unassigned),  Camp  American 

L^niversity,  Washington,  D.  C. 
Hallberg,  Arthur  S.     1st  Lieut.,  O.  R.  C,  U.  S.  Coast  and  Geodetic 

Survey,  "Washington,  D.  C. 
Hamilton,  Edward  P.     2d  Lieut.,  306th  Field  Artillery,  Camp  Upton, 

Yaphank,  N.  Y. 
Hanavan,  William  L.      1st  Lieut,  of  Infantry,  U.  S.  R.,  Am.  Infantry 

Officers'  School,  Am.  Exp.  Force,  France. 
Hancock,  Henry  Sydney,  Jr.      Lieut.,  Royal  Engrs.;  Field  Engr.,  First 

Corps,  B.  E.  F.,  France. 
Hanique,  Jules  E.     Capt.,  316th  Engrs.,  Camp  Lewis,  Tacoma,  Wash. 
Hannan,   David   E.     Capt.,  Co.  D,  26th  Engrs.,  Camp  Dix,  Wrights- 
town,  N.  J. 
Harding,  Chester.     Col.,  Corps  of  Engrs.,  U.  S.  A.,  Balboa  Heights, 

Canal  Zone,  Panama. 
Harley,  Alfred  F.     Field  Clerk,  Engr.  Corps.,  Am.  Exp.  Force.,  France. 
Harrah,  O.  W.      Capt.,  E.  O.  R.  C,  3d  Co..  Fort  Leavenworth,  Ivans. 
Harrington,  W.  C.     2d  Lieut.,  E.  O.  R.  C.  (Unassigned),  Weedsport, 

N.  Y. 
Harris,  F.  R.     Rear-Admiral,  XL  S.  N. ;  Chief  of  Bureau  of  Yards  and 

Docks,  U.  S.  Navy  Dept,  Washington,  D.  C. 
Harrison,  William  Burr.     Maj.,  E.  O.  R.  C,  War  Dept.,  Office  of  the 

Chf.  of  En,i;rs..  Washington,  D.  C. 
Harroun,  Philip  Emburj'.     Maj.,  E.  O.  R.  C.  (Unassigned),  58  Sutter 

St.,  San  Francisco,  Cal. 
Hart,  S.  A.      1st  Lieut.,  E.  O.  R.  C,  6th  Co.,  Fort  Leavenworth,  Kans. 
Hasbrouck,  Oscar.     Capt.,  E.  O.  R.  C.  (Unassigned),  Hudson,  N.  Y. 
Hastings,  R.  P.      1st  Lieut.,  E.  O.  R.  C,  535  N.  Comstock  Ave.,  Whit- 
tier,  Cal. 
Haswell,  John  R.      Capt.,  E.  0.  R.  C,  2d  Co.,  Camp  American  Uni- 
versity, Washington,  D.   C. 
Hatch,  Frederick  N.     Capt.,  E.  O.  R.  C,  35th  Engrs.,  Am.  Exp.  Force, 

France. 
Hauser,    Kenneth    D.     Capt,    18th    Engrs.    (Ry.),    Am.    Exp.    Force, 

France. 
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Hawley,  John  B.     Maj.,  E.  O.  K.  C,  503d  Engrs.,  Service  Bn.,  Am. 

Exp.  Force,  France. 
Hayne,  Dan  C.     Capt.,  E.  O.  E.  C,  2501  North  Talbott  Ave.,  Indian- 
apolis, Ind. 
Hayt,  Robert  O.     1st  Lieut.,  E.  O.  R  C.  {Unassigned),  Corning,  N.  Y. 
Healey,  Charles  F.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 
Henderson,  J.  T.     Capt.,  62d  U.  S.  Infantry,  Presidio,  San  Francisco, 

Cal. 
Hendrie,  John  Gibson.      Capt.,  E.  O.  R.  C,  Sewaren,  N.  J. 
Herkness,  Lindsay  C.     Maj.,  Corps  of  Engrs.,  U.  S.  A.,  39  Whitehall 

St.,  New  York  City. 
Heuer,   W.    H.     Col.,   U.    S.   A.    (Retired),   401    Custom   House,    San 

Francisco,  Cal. 
Hewett,   M.   W.      1st  Lieut.,  E.   O.  R.  C,  508th  Service  Bn.,   Camp 

Pike,  Little  Rock,  Ark. 
Hiles,   Elmer   K.      Maj.,   15th  TJ.   S.   Engrs.    (Ry.),   Am.   Exp.   Force, 

France. 
Hoar,  Allen.     Lieut.,  U.  S.  N.  R.  F.;  First  Asst.  Public  Works  Officer, 

Mare  Island  Navy  Yard,  Mare  Island,  Cal. 
Hobbs,  Henry  W.     Maj.,  E.  O.  R.  C,  U.  S.  Engr.  Office,  Portland,  Me. 
Hodge,  Henry  W.      Col.,  Corps  of  Engrs.,  N.  A.,  Office  of  Director  Gen. 

of  Transportation,  Headquarters,  Am.  Exp.  Force,  France. 
Hodges,  H.  F.     Maj  .-Gen.,  N.  A.,  Camp  Devens,  Ayer,  Mass. 
Hogan,  John  P.     Capt.,  11th  Engrs.   (Ry.),  Am.  Exp.  Force,  France. 
Hollyday,  R.  C.      Civ.  Engr.,  U.  S.  N.  (rank  of  Captain)  ;  Navy  Yard, 

Norfolk,  Va. 
Holt,  Andrew  H.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 
Holstlaw,  Charles  Henry.     1st  Lieut.,  124th  Infantry,  Camp  Wheeler, 

Macon,  Ga. 
Horton,    C.    K.     Capt;    Adjt.,    2d   Bn.,    111th    Engrs.,    Camp   Bowie, 

Waco,  Tex. 
Horton,  Dwight  Fred.     Capt.,  E.  O.  R.  C,  1213  Syndicate  Trust  Bldg., 

St.  Louis,  Mo. 
Howard,  Conway  Robinson.     1st  Lieut.,  7th  Engrs.,  Am.  Exp.  Force, 

France. 
Howard,  G.  B.      1st  Lieut.,  Co.  E,  17th  Engrs.  (Ry.),  Am.  Exp.  Force, 

France. 
Howell,  George  P.     Col.,  Corps  of  Engrs.,  IT.  S.  A.,  Care,  War  Dept., 

Washington,  D.  C. 
Hoxie,  Richard  L.     Brig.-Gen.,  U.  S.  A.  {Retired),  Washington,  D.  C. 
Hudson,  H.  W.     Capt.,  on  Staff  of  Director  Gen.  of  Transportation, 

Am.  Exp.  Force,  France. 
Hughes,   George   L.      Private,  Headquarters   Co.,   Camp   Meade,  Bal- 
timore, Md. 
Huie,   Irving  V.  A.     1st  Lieut.,   Co.  B,  1st  Engrs.,  Am.  Exp.  Force, 

France. 
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Hulsart,   C.   Raymond.      C'apt.,   Co.   B,    11th   Eii^rs.'  (Ry.),  Am.   Exp. 

bOrce,  Eraiice. 
Humphreys,  Ewing  S.      1st  Lieut.,  E.  O.  R.  C,  Lpxington,  Va. 
Hunt,  Conway  B.     Maj.,  E.  O.  R.  C,  District  Bldg.,  Washington,  D.  0. 
Hurlbut,  H.  B.     Capt.,  Ordnance  Dept.,  U.  S.  R.,  3318  Nineteenth  St., 

N.  W.,  Washington,  D.  C. 
Husson,  William  M.      Oapt.,  82d  U.  S.  Field  Artillery,  Camp  Logan, 

Houston,  'J\'x. 
Huston,  Tillinghast  L'Hommedieu.      Capt.,  E.  O.  R.  C,  Co.  A,  IGth 

Engrs.  (Ry.),  Am.  Exp.  Force. 
Huth,  Christian.      1st  Lieut.,  Ordnance  Dept.,  U.  S.  R.,  Care,  Div.  of 

Am.  Ordnance,  Base  Depot,  Am.  Exp.  Force,  France. 
Hynds,   Harold    D,      1st  Lieut.,   Const.  Div.,   Signal   Corps,  Am.  Exp. 

Force,  France. 
Jackson,  Jesse   A.     ]\[aj.,   llGth  Bn.,  41st  Div.,   Signal  Corps,  Camp 

Green.  Charlotte,  N.  C. 
Jacobs,  Joseph,     :\Iaj.,  E.  O.  R.  C.  (Unassigned),  1317  Smith  Bldg., 

Seattle.  Wasli. 
Jacques,  Henry  L.      Capt.,  E.  O.  R.  C,  Box  435,  San  Fernando,  Cal. 
James,    Robert    Lane.      Lieut.,   17th   Engrs.    (Ry.),   Am.   Exp.   Force, 

France. 
Jenkins,  Charles  M.      1st  Lieut.,  20th  Engrs.,  Camp  Belvoir,  Va. 
Jenkins,  Jenks  B.      Maj.,  E.  O.  R.  C.   (Unassigned),  B.  &  O.  Bldg., 

Baltimore,  Md. 
Jervey,    Henry.     Brig.-Gen.,    Corps   of   Engrs.,   U.    S.   A.,   41st   Div., 

Camp  Mills,  Hempstead,  N.  Y. 
Johnson,  Frank  Melvin  S.     Capt.,  Corps  of  Engrs.,  U.  S.  A.,  4tli  U.  S. 

Engrs.,  Vancouver  Barracks,  Vancouver,  W^ash. 
Johnson,  Hollister.     Lieut.,  E.  O.  R.  C,  20th  Engrs.,  Camp  American 

L'niversity,  W^ashington,  D.  C. 
Jonah,   F.  Q.     Maj.,   1st  Bn.,   12tli  Engrs.   (Ry.),  Office  of  Director 

Gen.  of  Transi)ortation,  Headquarters,  Am.  Exp.  Force,  France. 
Jones,   Jonathan.     Capt.,   E.    O.   R.   C,   Camp  American  University, 

W^ashington.  D.  C. 
Jones,  Percival  C.     Private,  23d  Engrs.,  Camp  Meade,  Baltimore,  Md. 
Jones,  Percy  F.     Capt.,  E.  O.  R.  C,  Modesto,  Cal. 
Jones,  Sidney  Q.      Capt.,  E.  O.  R.  C,  2d  Co.,  Fort  Leavenworth,  Kans. 
Kane,   Daniel   C.     2d  Lieut.,  E.  O.  R.  C,  Office  of  Chf.  of  Engrs., 

Wasliington,  D.  C. 
Kane,  Irving  P.     Capt.,  305th  Engrs.,  Camp  T^e,  Petersburg,  Va. 
Kastenhuber,    E.   Q.,   Jr.      1st   Lieut.,    Sanitary   Corps    {Unassigned), 

Easton,  Md. 
Keith,   Gerald   Marcy.     2d  Lieut.,   E.   O.   R.   C,  301st  Engrs.,  Camp 

Devon s,  Ayer,  Mass. 
Keller,  Charles.     Col.,  Corps  of  Engrs.,  U.  S.  A.,  Office,  Chf.  of  Engrs., 

Washington,  D.  C. 
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Kelly,  Earl  W.      Capt.,  E.  O.  R.  C,  1111  East  5th  St.,  Duluth,  Minn. 
Kelly,  Hugh  Ambrose.     Sergeant,  Co.  S,  312th  Infantry,  Camp  Dix, 
Wrightstown,  N.  J. 

Kemp,  John  E.     Capt.,  E.  O.  R.  C,  Eort  Leavenworth,  Kans. 

Keys,   Edward   A.     Capt.,  E.   O.  R.   C,   Camp  American  University, 

Washington,  D.  C. 
Khachadoorian,  H.  H.     1st  Lieut.,  E.  O.  R.  C. 

Kibbey,   Gerald   S.     1st  Lieut.,   109th  Engrs.,   Camp   Cody,   Deming, 

N.  Mex. 
King,  Clifford  M.     Capt.,  E.  O.  R.  C,  5th  Co.,  Fort  Leavenworth,  Kans, 
King,  W.  S.     Capt.,  Fort  Benjamin  Harrison,  Ind. 
Kingsley,  E.  A.     Maj.,  E.  O.  R.  C,  Am.  Exp.  Force,  France. 
Kingsley,  George.     Capt.,  E.  O.  R.  C,  Box  528,  Wheeling,  W.  Va. 

Kinne,  G.  W.  Capt.,  E.  O.  R.  C,  Camp  American  University,  Wash- 
ington, D.  C. 

Kissack,  A.  B.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 

Kitchen,  Ernest.  1st  Lieut.,  E.  O.  R.  C.  (Unassigned),  Clarks  Sum- 
mit, Pa. 

Kitts,  Joseph  A.  Capt.,  E.  O.  R.  C,  Vancouver  Barracks,  Vancouver, 
Wash. 

Knight,  Q.  W.  Capt.,  E.  0.  R.  C,  26th  Engrs.,  Camp  Dix,  Wrights- 
town,  N.  J.        , 

Kniskern,  Philip  Wheeler.  Capt.,  E.  O.  R.  C,  Fort  Leavenworth, 
Kans. 

Koss,  George  W.  Capt.,  E.  0.  R.  C,  Care,  Koss  Const.  Co.,  Des 
Moines,  Iowa. 

Krach,  Fred  R.  Private,  Co.  A,  23d  Engrs.,  Camp  Meade,  Balti- 
more, Md. 

Kreamer,  A.  W.  1st  Lieut,  E.  O.  R.  C.  (Unassigned),  Box  75, 
Wheeling,  W.  Va. 

Kutz,  Charles  W.  Lt.-Col.,  Corps  of  Engrs.,  U.  S.  A.,  Am.  Exp. 
Force,  France. 

Kyle,  Ralph  B.     1st  Lieut.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 

Labsap,  Alfred  H.  1st  Lieut.,  114th  Engrs.,  Camp  Beauregard,  Alex- 
andria, La. 

La  Forge,  Frederick  W.  Maj.,  E.  O.  R.  C,  Fort  H.  G.  Wright,  New 
London,  Conn. 

Lamphere,  Frank  E.  Maj.,  Q.  M.  R.  C,  Camp  Zachary  Taylor, 
Louisville,  Ky. 

Lamson,  William  M.  Maj.,  306th  Engrs.,  Camp  Jackson,  Columbia, 
S.  C. 

Langley,  John   E.     Capt.,  E.   0.  R.   C,   Camp  American  University, 

Washington,  D.   C. 
La  Roche,  Arthur  L.     1st  Lieut.,  E.  O.  R.  C,  Binghamton,  N.  Y. 
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Larrison,  Oeorjje   K.      Capt.,  E.  O.  R.   C,  Dept.   ll(:i(li|ii;irtcrs.  PTon- 

oliilu.  Hawaii. 
Lathbury,    Benjamin    Brentnall.     Maj.,    Ordnance   Dept.,    U.    S.   R. ; 

Engr.  Ccnstr.  Officer,  Supiilv   IMv.,  Ordnance  Dopt.,  Washington, 

D.  C. 
Latimer,  C.  A.      Lieut.,  Co.  E,  Corozal,  Canal  Zone,  Panama. 
Lawton,  Richard  iM.     Maj.,  E.  O.  R.  C,  SOlst  Engrs.,  Camp  Devens, 

Ayer,  Mass. 
LeBaron,  R.  W.  P.     2d  Lient.,  Co.  C,  13th  Engrs.   (Ry.),  Am.  Exp. 

Force,  France. 
Lee,  Charles  H.      1st  Lieut.,  E.  0.  R.  C,  Am.  Exp.  Force,  France. 
Leeds,  Charles  T.     Capt.,  IT.  S.  A.;  Dist.  Engr.,  U.  S.  Engr.  Office, 

725  Central  Bldg.,  Los  Angeles,  Cal. 
Lehrbach,  Henry  Q.    Asst.  Civ.  Engr.,  U.  S.  N.  (rank  of  Lieut.  (Junior 

Grade));  Navy  Yard,  Charleston,  S.  C. 
Leisen,  Theodore  A.     Maj.,  E.  O.  R.  C;  Officer  in  Chg.  of  Utilities, 

Camp  Custer,  Battle  Creek,  Mich. 
Leiand,  O.  M.     Maj.,  303d  Engrs.,  Camp  Dix,  Wrightstown,  N.  J. 
Lemen,  William  C,  S.     Capt.,  E.  O.  R.  C,  Camp  American  University, 

Washington,  D.  C. 
Lewis,  Charles  Granville,      Private,  Co.  A,  21st  Engrs.,  Camp  Grant, 

Rockford,  HI. 
Lewis,    Harold   McLean.     2d  Lieut.,   Co.   A,   502d   Engrs.,   Am.   Exp. 

Force,  France. 
Libbey,  V.  B.     Lieut.,  E.  O.  R.  C,  Am.  Exp.  Force. 
Lilly,   Ridgely   C.     Lieut.,   Corps  of  Engrs.    (Unattached),  Am.  Exp. 

Force,  France. 
Lindbery,  Charles  A.     Capt.,  E.  O.  R.  C.   (Unassigned),  2500  Eliza- 
beth St.,  Bellingham,  Wash. 
Lindhe,  John  B.     Lieut.,  U.  S.  N.  R.  F.,  P.  O.  Box  781,  Balboa,  Canal 

Zone,  Panama. 
Livingston,  Archibald   R.      Capt.,  115th  Engrs.,  Camp  Kearney,   San 

Diego,  Cal. 
Logan,  Chester  R,     Capt.,  Co.  C,  502d  Engrs.,  Am.  Exp.  Force,  France. 
Lord,  Arthur  R.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 
Lovering,  Harry  D.     1st  Lieut.,  E.  O.  R.  C.  {Unassigned),  1464  Sum- 
mit Ave.,  St.  Paul,  Minn. 
Lucas,   E.   W.   Van   C.      Lt.-Col.,  304th  Engrs.,  X.   A.,   Camp  Meade, 

Baltimore,  Md. 
Lynch,  John  F.      Capt.,  E.  O.  R.  C,  Camp  American  L^niversity,  Bel- 

voir  Tract,  Va. 
Lyon,  George  J.      Capt.,  E.  O.  R.  C. ;  Asst.  to  Const.  Q.  M.,  Camp 

IL^ncoek.  Augusta,  Ga. 
Lyons,  Harold  C.     1st  Lieut.,  20th  Engrs.,  Camp  American  L^niversity, 

Washington,  D.  C. 
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Macomb,  John  De  N.,  Jr.  Capt.,  E.  O.  E.  C,  1033  Ry.  Exchange, 
Chicago,  ID. 

McCalla,  W.  A.      Maj.,  504th  Engr.  Bn.,  Camp  Merritt,  Tenafly,  N.  J. 

McCandliss,  L.  C.  1st  Lieut.,  Co.  D,  15th  Engrs.  (Ey.),  Field  Head- 
quarters, Am.  Exp.  Force,  France. 

McClintock,  Hallett  Edward.  Capt.,  E.  O.  E.  C,  Fort  Leavenworth, 
Kans. 

McComb,  Dana  Quick.  Capt.,  E.  0.  E.  C,  Fort  Mills,  Corregidor, 
Philippine  Islands. 

McCullough,  Conde  B.  Capt.,  E.  O.  E.  C,  Vancouver  Barracks,  Van- 
couver, Wash. 

McCullough,  Ernest.  Maj.,  E.  O.  E.  C,  Care,  Chief  of  Engrs.,  Am. 
Exp.  Force,  France. 

McDonough,  Michael  J.  Col.,  114th  Engrs.,  Camp  Beauregard,  Alex- 
andria, La. 

McFarland,  H.  F.  1st  Lieut.,  Co.  F,  12th  Engrs.  (Ey.),  Am.  Exp. 
Force,  France. 

McQeehan,  Paul.  Capt.,  Co.  D,  12th  Engrs.  (Ey.),  Am.  Exp.  Force, 
France. 

McGlathery,  Samuel  L.  Capt.,  E.  O.  E.  C,  and  Adjt.,  1st  Bn., 
312th  Engrs.,  Camp  Pike,  Little  Eock,  Ark. 

McGregor,  Robert  Roy.  Capt.,  21st  Engrs.,  Camp  Grant,  Eock- 
ford.  111. 

McKay,  George  A.  Civ.  Engr.,  U.  S.  N.  (rank  of  Commander)  ;  Naval 
Training  Station.  Great  Lakes,  111. 

McKenney,  Charles  A.  Maj.,  E.  O.  E.  C,  Office,  Chf.  of  Engrs., 
Washington,  D.  C. 

McLane,  G.  L.  Capt.  and  Eegimental  Adjt.,  1st  Bn.,  110th  Engrs., 
35th  Div.,  Camp  Doniphan,  Fort  Sill,  Okla. 

McLoud,  Paul.     1st  Lieut.,  11th  Engrs.  (Ey.),  Am.  Exp.  Force,  France. 

McMillan,  W.  Bruce.  1st  Lieut.,  E.  O.  E.  C,  Vancouver  Barracks, 
Vancouver,  Wash. 

McRae,  H.  C.  1st  Lieut.,  E.  O.  E.  C,  306th  Engrs.,  Camp  Jackson, 
Columbia,  S.  C. 

Maddox,  L.  R.  Capt.,  C.  S.  G.  S.,  Headquarters,  Am.  Exp.  Force, 
France. 

Mail,  Eugene  Frederick.  1st  Lieut.,  4th  Engrs.,  Vancouver  Bar- 
racks, Vancouver,  Wash. 

Malsbury,  Omer  Evert.  Capt.,  E.  O.  E.  C,  2037  North  63d  St., 
Philadelphia,  Pa. 

Maltby,  Frank  B.     Maj.,  E.  O.  E.  C,  Army  Bldg.,  New  York  City. 

Mangold,  John  Frederic.  Capt.,  E.  O.  E.  C.  (Unassigned),  Eapid 
City,  S.  Dak. 

Manning,  William  J.  H.  2d  Lieut.,  E.  O.  E.  C,  3d  Co.,  Camp  Amer- 
ican University,  Washington,  D.  O. 
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Mansfield,  Newton.  Lt.-Cdmnuinder,  V.  S.  N.  (Retired),  U.  S.  Navy 
Jiccruitiiii;-  Station.  Anchor  Bank  Bldg.,  Pittsburgh,  Pa. 

March,  George  Miles.  1st  Lieut.,  507th  Engrs.,  Cainp  Travis,  San 
Antonio,  Tex. 

Marsh,  Charles  Reed.  Capt.,  E.  O.  K.  C.  (Unassigned),  104  District 
Bldg.,  Washington,  D.  C. 

Marshall,  Robert  B.  Maj.,  E.  O.  R.  C,  U.  S.  Geological  Survey, 
Washington,  D.  C. 

Marston,  A.  Maj.,  1st  Bn..  109th  Engrs.,  Camp  Cody,  Deming, 
N.   Mex. 

Martin,  George  E.     Capt.,  23d  Engrs.,  Camp  Meade,  Baltimore,  Md. 

Martin,  Lewis  M.     Capt.,  E.  O.  E..  C.  (Unassigned),  Atlantic,  Iowa. 

Marx,  Raymond.     2d  Lieut.,  Co.  K,  308th  Inf.,  Camp  Upton,  N.  Y. 

Massev,  George  B.  Lieut.  (Juii.  Grade),  U.  S.  N.  R.  F.,  711  Sheridan 
'      Rd.,  Winnetka,  111. 

MatSaw,  Isaac  Solon.  Capt.,  E.  O.  R.  C,  28th  Engrs.,  Camp  Meade, 
Baltimore,  ]\rd. 

Maul,  Theodore.  Capt.,  Q.  M.  R.  C,  Schuylkill  Arsenal,  Philadel- 
phia, Pa. 

Maury,  Dabney  H.  ^laj.,  E.  O.  R.  C,  Office,  Cantonment  Constr., 
^Monroe  Courts,  15th  and  M  Sts.,  Washington,  D.  C. 

Mazeau,  Camille.  1st  Lieut.,  27th  Co.,  L.  L  S.  C.  A.  C,  Fort  H.  G. 
Wright,  New  London,  Conn. 

Means,  John  S.  2d  Lieut.,  E.  O.  R.  C,  50Sth  Service  Bn.,  Camp 
Pike,  Little  Rock,  Ark. 

Melton,  Arthur  Pomeroy.  Capt.,  E.  O.  R.  C,  Care,  Headquarters, 
Chf.  of  Engrs.  Lines  of  Communication,  Am.  Exp.  Force,  France. 

Mengel,  Carl  W.  1st  Lieut.,  E.  O.  R.  C,  Co.  B,  306th  Engrs.,  Camp 
Jackson,  Columbia,  S.  C. 

Merriam,  C.  A.  Capt.,  E.  O.  R.  C,  401  Worcester  Bldg.,  Portland, 
Ore. 

Mershon,  Ralph  D.  Maj.,  E.  O.  R.  C,  80  Maiden  Lane,  New  York 
City. 

Miles,  George  Frederick.  Capt.,  E.  O.  R.  C,  Camp  American  Uni- 
versity, Washington,  D.  C. 

Milhan,  David  N.  1st  Lieut.,  E.  O.  R.  C,  Co.  F,  10()th  Engrs.,  Camp 
Wheeler,  Macon,  Ga. 

Milkowski,  V.  J.  2d  Lieut.,  E.  O.  R.  C,  002d  Engrs.,  Camp  Upton, 
Yaphank,  N.  Y. 

Miller,  Charles  H.      Maj.,  E.  O.  R.  C,  Washington,  D.  C. 

Miller,  Daniel  C.  1st  Lieut.,  E.  O.  R.  C,  426  S.  Hudson  Ave..  Pas- 
adena, Cal. 

Miller,  George  S.  Maj.,  E.  O.  R.  C.  (Unassigned),  2706  West  40th 
St.,  Minneapolis,  ^linn. 

Miller,  Hugh.  Capt.,  E.  O.  R.  C.  (Unassigned),  Rice  Inst.,  Hous- 
ton, Tex. 
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Millis,  John.  Col.,  Corps  of  Engrs.,  U.  S.  A.,  U.  S.  Engr.  Office, 
Savannali,  Ga. 

Miner,  Erwin  J.     Capt.,  E.  O.  R,  C.,  5th  Co.,  Fort  Leavenworth,  Kans. 
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Aver,  :Mass. 

Ritchie,  J.  Milton.     Capt.,  Q.  M.  R.  C,  1156  Fifteenth  St.,  N.  W., 
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Ritter,  Rollin.      Capt.,  130th  Field  Artillery,  Camp  Doniphan,  Lawton, 
Okla. 

Roberts,  Harry  A.     Capt.,  E.  O.  R.  C,  6,02  Terminal  Bldg.,  Hoboken, 
N.  J. 
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Exp.  Force,  France. 

Robinson,  Ernest  F.     Capt.,  102  Engrs.,  Camp  Wadsworth,  Spartan- 
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Robson,   Ralph   E.     Capt.,   E.   O.   R.   C,  316th  Engrs.,   Camp  Lewis, 

Taeonui,  Wash. 
Rockenbach,  S.  D.     Col.  of  Cavalry,  U-  S.  A.,  Am.  Exp.  Force,  France. 
Rose,  W.  H.  Lt.-CoL,  Corps  of  Engrs.,  U.  S.  A.,  1419  F  St.,  N.  W., 

Washington,  D.  C. 
Rosenthal,  J.  J.     Capt.,  E.  O.  R.  C,  Vancouver  Barracks,  Vancouver, 

Wash. 
Ross,  James  G.     Capt.,  Co.  C,  SOGth  Engrs.,  Camp  Jackson,  Columbia, 

s.  c. 

Rousseau,    Harry    Harwood.      Civ.    Engr.,    TJ.    S.    N.    (rank   of   Rear 

Admiral) ;  Emergency  Fleet  Corp.,  Washington,  D.  C. 
Rowe,  Donald  H.     2d  Lieut.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 
Ruggles,  Arthur  V.     Capt.,  E.  O.  R.  C,  4th  Co.,  Fort  Leavenworth, 

Kans. 
Ruttan,   H.  N.      Brig.-Gen.,  Commanding  M.  D.   10,  Winnipeg,   Man., 

Canada. 
Sadler,  Carl  L.     Capt.,  E.  O.  R.  C.  Kalamazoo,  Mich. 
Sadler,  Walter  Clifford.     1st  Lieut.,  Co.  F,  18th  Engrs.  (Ry.),  U.  S. 

Army  P.  O.  No.  705,  Am.  Exp.  Force,  France. 
Sanger,  Walter  M.     Capt.,  E.   O.  R.  C,  4th  Co.,  Fort  Leavenworth, 

Kans. 
Sargent,   Edward   H.      Capt.,  E.  O.  R.   C,  20th  Engrs.;   Camp  Adjt., 

Camp  American  University,  Washington,  D.  C. 
Scammel,  John   Kimball.     Lt.,  13th  Reserve  Bn.  Canadian,   Seaford, 

Sussex  Co.,  England. 
Schanck,  F.  R.     Capt.,  E.  O.  R.  C,  Ordnance  Dept.,  Carriage  Div., 

1800  E    St.,  N.  W.,  Washington,  D.  C. 
Scheidenhelm,  F.  W.      Capt.,  E.  O.  R.  C,  26th  Engrs.,  Am.  Exp.  Force, 

France. 
Schmucker,  Beale  M.     Lieut.,  E.  O.  R.  C,  104th  Engrs.,  Camp  McClel- 

lan,  Anniston,  Ala. 
Schoder,    Ernest   W.      Capt.,   E.    O.   R.    C,   3d   Co.,    Camp  American 

University,  Washington,  D.  C. 
Schwendener,    K.    DeW.      Capt.,   115th   Engrs.,   Camp   Kearney,    San 

Diego,  Cal. 
Seage,  Clarence  E.     Ensign,  U.  S.  N.,  Ordnance  Dept.,  U.  S.  Navy, 

Washington,  D.  C. 
Seward,  Oscar  A.,  Jr.      Capt.,  E.  O.  R.  C,  315th  Engrs.,  San  Antonio, 

Tex. 
Sewell,  John  Stephen.     Col.  of  Engrs.,  N.  A.,  Military  P.  O.  701,  Am. 

Exp.  Force,  France. 
Shafer,  Ernest  Alton.     1st  Lieut.,  E.  O.  R.  C,  Vancouver  Barracks, 

Vancouver,  Wash. 
Shankland,  Ralph  Graham.     1st  Lieut.,  E.  O.  R.  C,  Fort  Leavenworth, 

Kans. 
Shaw,  Arthur  Lassell.     Capt.,  E.  O.  R.  C,  Camp  Devens,  Ayer,  Mass. 
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Shaw,  Arthur  1S\.     Maj.,  K.  ().  U.  C;  Const.  Q.  M.,  Camp  Beauregard, 

Ak'xaiuli-ia.  J. a. 
Shaw,  Franklin  Dickinson.     Capt.,  E.  O.  R.  C,  Philadelphia,  Pa. 
Sheppard,  Norman  K.     ^Master  Eugr.,  Junior  Grade,  Headquarters  Co., 

313th  Engrs.,  Camp  Dodge,  Des  Moines,  Iowa. 
Sheley,  Horace  W.     Capt.,  E.  O.  R.  0.{Unassigned),  304  Dooly  Bldg., 

Salt  l.ake  City,  Utah. 
Sherron,  George  A.      Capt.,  E.  O.  Iv.  C,  5th  Co.,  Eort  Leavenworth, 

Kans. 
Skelly,  J,   W.     Capt.;   Supply   Offieer,   lL>th  Engrs.   (Ry.),  Am.  Exp. 

Force,  France. 
Sleppy,    K.    B.      Capt.,  4th   U.    S.   Engrs.,   Vancouver   Barracks,   Van- 
couver, Wash. 
Slifer,    Hiram    J.      Ft. -Col.,    21st   Engrs.    (Light    Ry.),    Camp    Grant, 

Rockford.  111. 
Sloan,  William  Glenn.     1st  Lieut.,  E.  O.  R.  C.  {Unassiyned),  U.  S.  R. 

S.  Bldg.,  Boise,  Idaho. 
Smallman,  R.  A.     1st  Lieut.,  Co.  D,  25th  Engrs.,  Camp  Devens,  Ayer, 

Mass. 
Smead,  R.  C.     Maj.,  E.  O.  R.  C.  (Unassigned)  ;  Dist.  Engr.  in  Chg.  of 

River,    Harbor    and    Fortification    Works,    Galveston    Eng.    Dist., 

Galveston,  Tex. 
Smith,  Albert.     Capt.,  E.  O.  R.  C,  3d  Co.,  Fort  Leavenvporth,  Kans. 
Smith,   Albert.      Maj.,   2d  Bn.,  309th  Engrs.,   Camp  Zachary   Taylor, 

Louisville,  Ky. 
Smith,    Charles    V.      Capt.,   Co.    E,    107th   Engrs.,   Camp   MacArthur, 

Waco,  Tex. 
Smith,  Chester  K.     Lieut.,  Co.  E,  18th  Engrs.  (Ry.),  Am.  Exp.  Force. 
Smith,  Clarke  Stufl.      Col.,  311th  Engrs.,  Camp  Grant,  Rockford.  111. 
Smith,  Edward  King.      2d  Lieut.,  Signal  Corps,  U.  S.  R.,  Little  Silver, 

N.J. 
Smith,  Francis  M.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 
Smith,  Layton  Fontaine.      Lieut.  (Junior  Grade),  U.  S.  N.  R.  F.,  Navy 

Yard,  Charleston,  S.  C. 
Smith,  Maxwell  W.     Capt.,  E.  O.  R.  C. ;  Engr.  Officer,  308th  Engrs., 

Camp  Sherman,  Chillicothe,  Ohio. 
Smith,  Merritt  H.     Col.,  1st  N.  Y.  Field  Artillery,  N.  G.  U.  S. 
Smith,  S.  M.     1st  Lieut.,  Co.  D,  12th  Engrs.  (Ry.),  Am.  Exp.  Forces, 

France, 
Smith,   W.   W.      ^faster  Engr.,  6th  Engrs.,  Am.   Exp.  Force,   France 
Snook,  Thomas  E.,  Jr.     1st  Lieut.,  E.  O.  R.  C,  261  Broadway,  New 

York  City. 
Snyder,  George  Duncan.     Capt.,  102d  Engrs.,  Camp  Wadsworth,  Spar- 
tanburg, S.  C. 
Soest,  Hugo  C.     1st  Lieut..  E.  O.  R.  C,  Co.  A,  25th   Engrs..  Camp 

Devens,  Ayer,  ^[ass. 
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Sourwine,  J.  A.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 

Spear,  Walter  E.     Maj.,  Q.  M.  R.  C,  In  Chg.  of  Utilities,  Camp  Upton, 

N.  Y. 
Spencer,   Herbert.     Capt.,  E.   O.  R.   C.   (Unassigned),  26  Broadway, 

New  York  City. 
Sperry,  L.  N.     1st  Lieut.,  E.  0.  R.  C,  Old  Forge,  K  Y. 
Sprague,   H.  M.     1st  Lieut.,  E.   O.  R.  C,  1600  Fourth'  Ave.,  North, 

Great  Falls,  Mont. 
Stanford,    Homer   R.      Civ.   Engr.,   U.    S.   N.    (rank  of   Commander) ; 

Navy  Yard,  Boston,  Mass. 
Stanley,  W.  E.     1st  Lieut.,  E.  O.  R.  C,  Fort  Leavenworth,  Ivans. 
Stanton,  Charles  B.     Capt.,  Co.  E,  15th  Engrs.,  Care,  Adjutant  Gen., 

U.  S.  A.,  Washington,  D.  C. 

Stanton,  W.  L.  Private,  Co.  D.,  4th  Engrs.,  Vancouver  Barracks,  Van- 
couver, Wash. 

Stayton,  Edward  M.  Maj.,  110th  Engrs.,  Camp  Doniphan,  Fort  Sill, 
Okla. 

Stearns,  Fred  LeRoy.  Lieut.,  Co.  A,  107th  Inf.,  U.  S.  A.,  Camp 
Wadsworth,  Spartanburg,  S.  C. 

Steep,  James  B.     Capt.,  E.  O.  R.  C.  {Unassigned),  918  Majestic  Bldg., 

Lidianapolis,  Ind. 
Steese,  James  Gordon.     Lt.-Col.,  Corps  of  Engrs.,  U.  S.  A.;  Asst.  to 

C!hf.  of  Engrs.,  Washington,  D.  C. 
Steinberg,  Max.     1st  Lieut.,  U.  S.  R.,  U.  S.  Coast  and  Geodetic  Survey, 

Washington,  D.  C. 
Stem,  Clifford  H.     2d  Lieut.,  312th  Engrs.,  Camp  Pike,  Little  Rock, 

Ark. 
Stephens,  Uel.     2d  Lieut.,  E.  O.  R.  C,  5th  Co.,  Leon  Springs,  Tex. 
Stern,  Eugene  W.     Maj.,  E.  O.  R.  C,  Am.  Exp.  Force,  France. 
Stewart,  John.     Maj.,  E.  O.  R.  C;  Asst.  to  Col.  Lansing  H.  Beach, 

Corps  of  Engrs.,  U.  S.  A.,  Div.  Engr.,  Central  Div.,  412  Custom 

House,  Cincinnati,  Ohio. 

Stickle,  H.  W.  Lt.-Col.,  U.  S.  A.  (Betired),  U.  S.  Engr.  Office,  Pitts- 
burgh, Pa. 

Stiles,  Arthur  Alvord.    Maj.,  E.  O.  R.  C,  Capitol  Station,  Austin,  Tex. 

Stineman,  Norman  M.     Capt.,  E.  O.  R.  C,  1st  Co.,  Barracks  No.  50, 

Fort  Leavenworth,  Kans. 
Stivers,  A.  .D.     Capt.,  E.   O.  R.   C,   Office  of  Chf.  of  Staff,   Camp 

Kearney,  San  Diego,  Cal. 

Stowe,  H.  D.  Capt.,  E.  O.  R.  C. ;  Director  General  of  Rys.,  734  Fif- 
teenth St.,  N.  W.,  Washington,  D.  C. 

Strachan,  Joseph  J.  Asst.  Civ.  Engr.,  U.  S.  N.  (rank  of  Lieut.)  (Jun- 
ior Grade),  Navy  Yard,  Boston,  Mass. 

Strecker,  R.  A.  Capt.,  E.  O.  R.  C,  Co.  A,  309th  Engrs.,  Camp  Zachary 
Taylor,  Louisville,  Ky. 
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Street,  J.  Z.  Private,  Co.  E.,  oOSth  Engrs.,  Camp  Sherman,  Chilli- 
ootho,  Ohio. 

Strickler,  F.  W.  Capt.,  E.  O.  R  C.  (Unassignrd)  ;  Dist.  Engr.,  Erie 
R.  Jv.  Co..  lloom  301,  K.  of  C.  Bldg.,  Youngstown,  Ohio. 

Strickler,  T.  J.     Capt.,  E.  0.  K.  C,  Fort  Leavenworth,  Kans. 

Stroebe,  George  Q.     Capt.,  N.  A.,  Philippine  Ishmds. 

Sturtevant,  C.  W.    Lt.-CoL,  15th  U.  S.  Engrs.,  Am.  Exp.  Force,  France. 

Summers,  R.  E.  J.  1st  Lieut.,  E.  O.  R.  C,  Co.  F,  16th  U.  S.  Engrs. 
(Uy.),  Am.  Exp.  Force. 

Suter,  Russell.     Capt.,  E.  O.  Ti.  C,  Am.  Exp.  Force,  France. 

Sutton,  Frank.  Maj.,  E.  O.  R.  C,  2d  Bn.,  25th  Engrs.,  Camp  Devens, 
Ayor,  ]\Iass. 

Swaren,  J.  W.  Capt.,  E.  O.  R.  C;  Engr.  Instructor,  E.  O.  T.  C, 
^'aneouver  Barracks,  Vancouver,  Wash. 

Sweeney,  Harry  C.  Capt,  Q.  M.  R.  C,  Care,  OiEoe  of  Cantonment 
Constr.,  15th  and  M  Sts.,  Washington,  D.  C. 

Sykes,  George.  Capt.,  E.  O.  R.  C.  (Unattached),  Am.  Exp.  Force, 
France. 

Tainter,  F.  S.     ilaj.,  E.  O.  R.  C,  (>()  Wall  St.,  New  York  City. 

Tate,  R.  L.  1st  Lieut.,  E.  O.  R.  C,  303d  Engrs.,  Camp  Dix,  Wrights- 
town,  N.  J. 

Taylor,  Harry.  Brig.-Gen.,  N.  A. ;  Chf.  Engr.  Officer,  A.  E.  F.,  Head- 
(luarters.  Am.  Exp.  Force,  France. 

Taylor,  Henry.  Capt.,  E.  O.  R.  C,  304th  Engrs.,  Camp  Meade,  Balti- 
more, ]\rd. 

Taylor,  William  T.     Capt.,  Royal  Flying  Corps,  France. 

Ten  Hagen,  Henry.  2d  Lieut.,  E.  O.  R.  C,  303d  Engrs.,  Camp  Dix, 
Wrightstown,  N.  J. 

Tenney,  Willis  R.  Capt.,  317th  Engrs.,  Camp  Sherman,  Chillicothe, 
Ohio. 

Thomas,  Charles  D.  Capt.,  E.  O.  R.  C,  Co.  B,  507th  Engrs.,  Camp 
Travis,  San  Antonio,  Lex. 

Thomsen,  S.  L.  Capt.,  E.  O.  R.  C,  Oilman  Apartment  D-1,  31st  and 
Calvert  Sts.,  Baltimore,  Md. 

Throop,  George  H.  Capt.,  E.  O.  R.  C,  Co.  E,  24th  Engrs.,  Camp  Dix, 
Wrightstown,  N.  J. 

Thurber,  Clinton  D.  Civ.  Engr.,  U.  S.  N.  (rank  of  Lt.-Commander) ; 
Bureau  of  Yards  and  Docks,  Washington,  D.  C. 

Thurston,  Eugene  T.  Capt.,  E.  O.  R.  C,  Vancouver  Barracks,  Van- 
couver, Wash. 

Tilden,  Charles  Joseph.  Capt.,  E.  0.  R.  C.  (Unassigned),  Care,  Johns 
Hopkins  Lniv.,  I'altimore,  Md. 

Todd,  Frank  Herbert.  :\raj.,  Q.  M.  R.  C,  in  Chg.  of  Utilities,  Camp 
Travis,  San  Antonio,  Tex. 

Tolles,  F.  C.  Private,  Engr.  Corps,  Ohio  Div.,  Camp  Sheridan,  Mont- 
gomery, Ala. 
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Topping,  Perry.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 
Townsend,  C.  McD.     Col.,  Corps  of  Engrs.,  U.  S.  A.,  12tli  Engrs.  (Ey.), 

Am.  Exp.  Force,  France. 
Trout,  Alex  Linn.     Capt.,  E.  O.  R.  C,  2d  Co.,  Fort  Leavenworth,  Kans. 
True,  Albert  O.     Capt.,  E.  O.  R.  C.  (Unassigned),  High  St.,  Rensse- 

laev,  N.  Y. 
Trueblood,  P.  McG.     Lieut.,  U.  S.  N.  R.  F.,  U.  S.  S.  Wm.  Bockefeller, 

Care,  Postmaster,  New  York  City. 
Tucker,  H.  F.     Ensign,  U.  S.  IST.  R.  F.,   Seattle  Construction  &  Dry 

Dock  Co.,  Seattle,  Wash. 
Turley,  Jay.     Capt.,  E.  O.  R.  C,  316th  Engrs.,  91st  Div.,  Camp  Lewis, 

Taconia,  Wash. 
Turner,  Daniel  Norman.      2d  Lieut.,  E.  O.  R.  C,  304th  Engrs.,  Camp 

Meade,  Baltimore,  Md. 
Turner,  Nathaniel  Parker.     Capt.;  Topographical  Officer,  111th  Engrs., 

Camp  Bowie,  Fort  Worth,  Tex. 
Tuska,  Gustave  R.     Maj.,  E.  O.  R.  C,  68  William  St.,  New  York  City. 
Tyson,  William  C.      Capt.,  E.  O.  R.  C,  0th  Co.,  Fort  Leavenworth, 

Kans. 
Van  Buren,  Maurice  Pelham.      2d  Lieut.,  Corps  of  Engrs.,  U.  S.  A., 

New  Brighton,  N.  Y. 
Vandemoer,  N.  C.      Capt.,  E.  O.  R.  C,  1113  East  13th  Ave.,  Denver, 

Colo. 
Vandevanter,  Elliott.     Capt.,  Co.  D,  503d  Engrs.,  Camp  Merritt,  Ten- 

afly,  N.  J. 
Vandevoort,  B.  F.     Capt.,  E.  O.  R.  C,  86  Houston  Ave.,  Middletown, 

N.  Y. 

Van  Ness,  R.  A.     Lieut.,  E.  O.  R.  C,  4th  Co.,  Fort  Leavenworth,  Kans. 
Van  Pelt,  Sutton.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 
Van   Suetendael,  Achille  O.      Capt.,  E.  O.  R.  C,  1419  F  St.,  N.  W., 

Washington,  D.  C. 
Vincent,  W.  H.      1st  Lieut.,  E.  O.  R.  C,  125  French  Ave.,  Winchester, 

Ky. 
Wade,  George  W.     1st  Lieut.,  Co.  D,  2d  Bn.,  117th  Engrs.,  42d  Div., 

Am.  Exp.  Force,  France. 
Wadsworth,   George   R.      Maj.,   Signal  Corps,  U.    S.  A.;   Chf.   Engr., 

Naval  Aircraft  Factory,  Navy  Yard,  Philadelphia,  Pa. 
Wagner,  John,  Jr.      1st  Lieut.,  Cavalry  U.  S.  R.,  Am.  Exp.  Force. 
Waite,    Clement    F.      2d    Lieut.,    E.    O.    R.    C,    Vancouver    Barracks, 

Vancouver,  Wash. 
Walker,  Elton  D.      Capt.,  E.  O.  R.  C.  Co.  A,  5th  U.  S.  Engrs.,  Am. 

Exp.  Force,  France. 
Walker,  Harry  Bruce.     Capt.,  E.  O.  R.  C,  Fort  Leavenworth,  Kans. 
Walker,  Meriwether  Lewis.      Col.,  Corps  of  Engrs.,  U.   S.  A.,  110th 

Engrs.,  41st  Div.,  Camp  Mills,  Hempstead,  N.  Y. 
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Walker,    W.    Kemp,      (apt.,    K.    O.    U.    C.    (Unassigned) ,    Montpelier, 

Ohio. 
Walton.   H.  B.     C;x]^t.,  E.  O.  R.  C,  312th  Engrs.,  Camp  Pike,  Little 

Rock,  Ark. 
Ward,   Jasper    D,      Cori)oral,    Co.   C,   55th   Inf.,    Chickamauga    Park, 

Chattaiiooya,  Tcnii. 
Ward,  Lyman  Wise,      (^apt.,  C.  A.,  U.  vS.  R.,  5th  Co.,  Fort  Warden, 

Wash. 
Ware,  John.     1st  Lieut.,  Co.  A,  101st  Engrs.,  Am.  Exp.  Force,  France. 
Ware,  Norton,      Capt.,  E.  O.  R.  C,  Vancouver  Barracks,  Vancouver, 

Wash. 
Wartield,  Ralph  M.     Civ.  EngT.,  U.  S.  K  (rank  of  Lt.-Commander)  ; 

Na^'J'  Aeronautic  Station,  Pensacola,  Fla. 
Waring,  C.  T.     Maj.,  Signal  Corps,  Langley  Field,  Hampton,  Va. 
Warner,   Elwin   S.    *Capt.,   E.   O.  R.   C,   Co.  B,  301st  Engrs.,  Camp 

Devcns,  Ayer,  Mass. 
Warren,  James  Q.     Col.,  Corps  of  Engrs.,  U.  S.  A.,  540  Federal  BIdg., 

Buifalo,  N.  Y. 
Warren,  Philip  R.      Lieut.,  Royal  Engrs.,  British  Army,  Richboi'ough, 

Kent,  England. 
Washington,  W.  O.     Capt.,  E.  0.  R.  C.  {U nassigned) ,  San  Antonio, 

Tex. 
Watkins,  Guy  A.     Capt.,  E.  O.  R.  C,  Fort  Sill,  Okla. 
Watson,   George  L.      Capt.,  E.   O.  R.  C,  Co.  B,  30th  U.   S.   Engrs., 

Headquarters,  Washington,  D.  C. 
Watson,  Winslow  B.     Lieut.,  Co.  C,  7th  N.  Y.  Inf.   (114th),  Camp 

Wadsworth,  Spartanburg,  S.  C. 
Watt,  David  A.     Maj.,  E.  O.  R.  C,  Office  of  Chf.  of  Engrs.,  Wash- 
ington, D.  C. 
Waugh,  William  H.     Capt.,  E.  O.  R.  C;  Engr.  Officer,  Alaska  Road 

Comm.,  Juneau,  Alaska. 
Way,  W.  F.      Sergeant,  Co.  D,  18th  Engrs.  (Ry.),  U.  S.  Army  Post 

Office  No.  705,  Am.  Exp.  Force,  France. 
Weaver,  C.  J.     1st  Lieut.,  E.  O.  R.  0.  (Unassigned),  Waterford,  IST.  Y. 
Weaver,  Frank  L.     1st  Lieut.,  305th  Engrs.,  Camp  Lee,  Petersburg,  Va. 
Webb,   De   Witt   Clinton.      Civ.  Engr.,  U.   S.   N.   (rank  of  Lt.-Com- 
mander) ;  Xavy  Yard,  Philadelphia,  Pa. 
Webb,  George  H.     Lt.-Col.,  16th  U.  S.  Engrs.  (Ry.),  Am.  Exp.  Force, 

France. 
Webb,  I.  Gano.     Capt.,  E.  0.  R.  C,  Care,  Harbor  Comm.,  Ferry  Bldg., 

San  Francisco,  Cal. 
Webb,  Walter  Loring.     Maj.,  E.  0.  R.  C,  Am.  Exp.  Force. 
Webster,  Maurice  A.     1st  Lieut.,  Ordnance  Dept.,  U.  S.  R.,  Aberdeen 

Proving  Ground,  Aberdeen,  Md. 
Welles,  Theodore  L.,  Jr.     2d  Lieut.,  E.  O.  R.  C,  4th  Co.,  Fort  Leaven- 
worth, Kans. 
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Wenige,  Arthur  E.      Maj.,  E.  O.  R.  C,  317th  Engrs.,  Camp  Sherman, 

Chillicothe,  Ohio. 
Wenzell,  Andrew  P.      Capt,  Co.  F,  IGth  U.  S.  Engrs.  (Ey.),  Am.  Exp. 

Force,  France. 
West,  Edward  Hazzard.      Capt.,  E.  0.  E.  C,  Fort  Leavenworth,  Kans. 
Wheat,  G.  Neville.     Capt.,  E.  O.  E.  C,  Fort  Leavenworth,  Kans. 
Whiteaker,  Robert  O.     Capt.,  Troop  C,  1st  Tex.  Cav.,  Camp  Bowie, 

near  Fort  Worth,  Tex. 
Whitman,  Ezra  B.     Maj.,  Q.  M.  E.  C;  Chf.  Engr.  of  Utilities,  Camp 

Meade,  Admiral,  Md. 
Whitman,   Ralph.      Civ.   Engr.,  U.   S.   'N.    (rank  of  Lt.-Commander)  ; 
Aid  on  Staff  of  U.  S.  Military  Governor  of  Santo  Domingo,  Santo 
Domingo,  Dominican  Eepublic. 
Whitney,  Ralph   Edward.     1st  Lieut.,  Sanitary  Corps,  N.  A.,  Camp 

Greenleaf,  Fort  Oglethorpe,  Ga. 
Wickersham,    John    H.      Capt.,    E.    O.    E.    C,    Engrs.'    Constr.    Gang, 

Phoenix  Constr.  Co.,  Am.  Exp.  Force,  France. 
Wiggin,  Thomas  H.     Capt.,  E.  O.  E.  C,  Care,  Gen.  Taylor,  Am.  Exp. 

Force,  France. 
Wild,  H.  J.     Capt.,  E.  O.  E.  C,  War  Dept.,  Washington,  D.  C. 
Wilgus,  W.  J.     Maj.,  E.  O.  E.  C;  Director  Gen.  of  Transportation, 

Headquarters,  Am.  Exp.  Force,  France. 
Willard,  N.  R.     Capt.,  E.  O.  E.  C,  3d  Co.  Camp  American  University, 

Washington,  D.  C. 
Williams,  Alan   F.      Headquarters  Co.,  18th  Engrs.    (Ey.),  Am.  Exp. 

Force,  France. 
Williams,  Gardner   S.      Maj.,   E.   O.   E.   C,   Camp  Beauregard,  Alex- 
andria, La. 
Williar,    Harry    D.,   Jr.      1st  Lieut.,   Co.   E,   U.   S.   Engrs.,   Am.   Exp. 

Force,  France. 
Willis,  Walter  John.     Lieut.  (EDO),  Bldg.  22,  Navy  Yard,  Brooklyn, 

N.  Y. 
Wilson,  Everitt  W.      Capt.,  E.  O.  E.  C,  Camp  American  University, 

Washington,  D.  C. 
Wilson,  Harry  P.      Capt.,  E.  O.  E.  C,  Fort  Leavenworth,  Ivans. 
Wilson,  Robert  B.  M.     Capt.,  E.  O.  E.  C,  311th  Engrs.,  Camp  Grant, 

Eockford,  111. 
Wing,  Charles  B.     Maj.,  23d  Engrs.,  Camp  Meade,  Admiral,  Md. 
Winn,  Walter  E.      Maj.,  114th  Engrs  (Pioneer  Eegt.),  Camp  Beaure- 
gard, Alexandria,  La. 
Winn,  Walter  S.      Maj.,  E.  0.  E.  C,  4th  and  1st  National  Bank  Bldg., 

Nashville,  Tenn. 
Winton,  Walter  Ferrell.      Capt.,  14th  U.  S.  Field  Artillery,  Fort  Sill. 

Okla. 
Wood,  Frederic  J.     Maj.,  E.  O.  E.  C,  15th,  cor.,  M  Sts.,  N.  W.,  Wash- 
ington, D.  C. 
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Woodard,  Wilkie.  Capt.,  Co.  II,  35th  Engrs.,  Camp  Grant,  Eock- 
tord.   111. 

Woodle,  Bernon  Tisdale.  (^ijit.,  liOath  Engrs.,  Care,  Depot  Engr., 
Coca  Cola  Bldg.,  Baltimore,  Md. 

Woolworth,  W.  H.  1st  Lieut.,  28th  U.  S.  Infantry;  A.  D.  C,  2d  Bri- 
pidc,  1st  I)i\-..  Am.  Exp.  Force,  France. 

Wrijiht,  John  Bertram.  Capt.,  E.  O.  R.  C,  P.  O.  Box  411,  Oxford, 
.Afass. 

Wrightson,  William  D.  Maj.;  Chf.  of  San.  Corps,  Surgeon-General's 
Office.  War  Dept.,  Washington,  D.  C. 

Yereance,  Alex.  W.  Lieut.,  Co.  F.,  305th  Engrs.,  Camp  Lee,  Peters- 
burg, Va. 

Yost,  Howard  McC.  Capt.,  E.  O.  R.  C,  2030  F  St.,  K  W.,  Wash- 
ington. D.  C. 

Young,  Samuel  M.  Capt.,  E.  O.  R.  C.  (Unassigned),  635  Common  St., 
New  Orleans,  La. 

Zinn,  George  A.  Col.,  Corps  of  Engrs.,  \J.  S.  x\.,  321  Custom  House, 
Portland,  Ore. 


806 


MEMBERSHIP — ADDITIONS 


[Society  Affairs. 


MEMBERSHIP 

(From  November  9th  to  December  6th,  1917) 
ADDITIONS 


Assoc.  M.     Oct. 


MEMBERS 

Brown,      Charles      Franklin.     Cons.      Engr. 

(Brown  &  Kleinschmidt,  Inc.),  306  Dooly  ^ 

Block,  Salt  Lake  City,  Utah )       ' 

Clogher,    Alexander    Clarke.     Hydr.    Engr.,    Elec.    Bond 

&  Share  Co.,  71  Broadway,  New  York  City 

Durham,   Egbert   Paul.     With   Macdonald    Eng.    Co.,   940 

Monadnock    Bldg.,    Chicago,    111 

eJun. 


Date  of 
Membership. 


Assoc.  M. 
M. 

Assoc.  M. 
M. 


Fleming,  Thomas,  Jr.  Hydr.  and  San.  Engr.. 
Union   Bank    Bldg..    Pittsburgh,    Pa.  .  .  . 

HiNKLE,  Albert  Harrison.  Deputy  Highway 
Commr.,  Bureau  of  Maintenance  and 
Repair,  1722  Summit  St.,  Columbus, 
Ohio 

Johnson,    David    Clayton.     Engr.,    The    Na-  ■^ 

tional     City     Co.,     55     Wall     St.,     New       ';""■      ^^ 

v^  Assoc    M 
York    City     (Res..     1140    President    St.,   f '^ 

Brooklyn.    N.    Y.) J    '    ' 

Kluegel,  Harry  Allardt.     Engineers   Club,   57   Post   St., 

San    Francisco,    Cal 


Mansfield,    Royal   John.      Cons.    Engr.,    135 
William    St.,   New   York    City 


Assoc.  M. 
M. 


Jun. 

Assoc.  M, 
M. 

Peotter,   Reuben    Sylvester.     Managing   Di-  ^ 
rector,     Surinaamsche     Bauxite     Maat- 
schappij    and    Demerara    Bauxite    Co., 
Ltd.,   Paramaribo,   Dutch   Guiana 

Perkins,  Seth.     Engr.  and  Contr.    (Seth  Perkins  &  Sons), 
St.   Augustine,   Fla 

PuRVER,    George    Moses.      Com^.    P^iigr.,    1056   )    Assoc.  M. 
Dean    St.,    Brooklyn,    N.    Y f  M. 

Rodman,   George   Edward.     Asst.   Engr.,   Dept.    of   Water 
Supply,  317  West  99th  St.,  N.  Y.  City 

Stabler,  Herman.  Chf,  Engr.,  Land  Classi- 
fication Board,  U.  S.  Geological  Sur- 
vey,  Washington,   D.    C 

Stone,    Solon    Jones.     Supt.,    The    Jolm    W.    Cowper    Co., 

Inc.,  Garden  City,  N.  Y 

Turner,    Nathaniel    Parker.      Cap!.,    111th   )    , 

,  .     ,     ^^„,  ^,  (   Assoc.  M. 

Engrs. ;      Topographical     Omcer,     Lamp    V 

Bowie,    Fort    Worth,    Tex )  '   ' 


Assoc.  M. 
M. 


June  12 

Nov.  27 

Nov.  27 

Nov.  5 

Oct.  5 

Nov.  27 

Oct.  1 

Nov.  27 


Sept.  1 
May  7 
Nov.     27 


May  15 

Dec.  2 

July  10 

Nov.  27 

Nov.  30 

Oct.  9 


Sept.  11 

Oct.  3 

Oct.  9 

Nov.  27 

Nov.  1 

Nov.  27 

Nov.  27 

Dec.  1 

Sept.  11 
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mi:miii;i!s    {Continued)  Date  of 

Membership. 
VoETSCH,  Carl.     Hydr.  and  Elee.  Ku}>;r..  Utica  das  t  Elec. 

Co.,  1225  Kenible  St.,  Utica,  N.  Y Nov.    27,  1917 

ASSOCIATE    MKMliKUH 

Acker,    Robert   Louis.     Supt.    of    Constr..    11.    L.    Stevens 

&  Co.,  910  South  Michigan  Ave.,  Chicago,  111 Nov.     27.   1017 

Allex,  Henby  Stanley.     3.533  Tracy  Ave.,  Kansas  City, 

Mo Oct.       9,1917 

BiLOERBECK,  George  Leslik.     As.st.  Engr.,  Rivers,   Harbors 

and  Bridge   Comm.,  Groton,   Conn Nov.    27,  1917 

BiTiiER.    Tom    Ai.i.kn.     Lieut.,    Aviation    Sec- "^ 

tinn,  S.  K.  ('..  V.  S.  A.,  Aviation  School,    !    Jun.  Oct.        1,   1913 

San    Diego     (Res..    1630    Josephine    St.,   |   Assoc.  M.     Oct.        9,  1917 
Berkeley) ,    Cal J 

Bliss,  Tuixa  Ethan.     Asst.  Engr.,  St.  L..  S.  F.  Ry..  1124 

Sledge,    Memphis,    Tenn Sept.    11.  1917 

Boyntox,  HERfiERT  LESLIE.     16  Sixth  Avc.,  Haverhill,  Mass.      Nov.     27,   1917 

Broker,    Albert    Edward.       Engr.,    Portland  '\ 

Cement  Assoc,  403  Farmers  Bank  Bldg.   I  '  IJ    '     .  _' 

(Res.,  6425  Bartlett  St.),  Pittsburgh,  Pa.   )  ^®^*^*^-  ^^-     ^°''-     ^''   ^^^^ 

Bbyax,  George,  Jr.     Sales  Engr.,  Am.  Bridge    )  Jun.  Jan.       •>,  1911 

Co.,  204  Wolvin  Bldg.,  Duluth,  Minn ^  Assoc.  M.     Nov.     27,  1917 

Butler,  William  Parker.  Army  and  Navy  Club.  Wash- 
ington,   D.     C Nov.     27.1917 

Campbell,  Thomas  Francis.  Asst.  Engr.,  Street  Line  and 
Street  Layout  Dept.,  City  Engr.'s  Dopt..  Piovidence, 
R.    I.  .  .  .  ! "..... Nov.     27,   1917 

Carson,  Mebwin  Bishop.  Res.  Engr.,  Representing  Wm.  T. 
Donnelly  of  Nevf  York  and  The  Inter-Island  Steam 
Navigation  Co.  of  Honolulu,  Honolulu.   Hawaii Oct.        9,   1917 

Casey,  Isaac  Jacques,  Jr.     Town  Engr.,  Town  Hall.  Irv- 

ington,    N.    J June    11,   1917 

Croll.  Herbert  Greiss.     23  Union  Ave.,  Craf-    |   Jun.  Nov.     12,   1913 

ton.    Pa f  Assoc.  M.     Sept.    11,   1917 

Cbowley,    John    Adam.      Structural     Engr.,    Butterworth 

Judson  Corporation,  40  Oakland  Ave.,  Lynbrook,  N.  Y.     Nov.     27.   1917 

Daxfortii,  George  Clapp.     Capt.,  E.  0.  R.  C,  29  Pleasant 

St.,  Gardiner,  Me Nov.     27.   1917 

Fairlie,  Johx  Walter.     260  West  57th  St.,  New  York  City.      Sept.    11.   1917 

Fewsmith.  William  Lee.  Eastern  Sales  ^Igr.,  Robins  Con- 
veying Belt  Co.,  73  High  St.,  Glen  Ridge,  N.  J Nov.     27.   1917 

Foard,  Arthur  Virdin.     Asst.  Supt.,  Maryland  Dredging  & 

Contr.    Co..    Aberdeen,    Md Oct.        9,  1917 

Gabelmax,    Ci/ARLES    Grover.       Carp,    Bureau    of    Public 

Works,   :\!anila,    Philippine    Islands May     15,   1917 
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ASSOCIATE  MEMBERS    (Continued)  Date  of 

Membership. 
Gatens,  Ray  Stuart.    With  Continental  Public  Works  Co., 

30  Church  St.,  Room  418  E,  New  York  City Nov.  27,  1917 

GoDDARD,  Leslie  Drew.     Capt.,  E.  O.  R.  C,  144  Alexandrine 

Ave.,   W.,   Detroit,   Mich May  15,  1917 

Goodfellow,  James  Gordon.     Capt.,  R.  E.,  49  ^   Jun.  Sept.  3,  1913 

Arden  St.,  Edinburgh,  Scotland [  Assoc.  M.  Oct.  9,  1917 

Gurnet,  Lester.     Asst.  Engr.,  Dept.  of  Streets  "\ 

and   Eng.,   Municipal   Bldg.,   Springfield,  '    ^^^-  ^^^-  ^'  ^^^^ 


,j  »  Assoc.  M.     Nov.    27,  1917 

Hansen,  John  Mii.ton.     City  Engr.,  Box  532,  Jamestown, 

N.  Dak Nov.    27,  1917 

Helmstetter,    George    Alfred.      Park    Engr.,  ^   ^  .  ,     ,    , , 

o                 T.     1     /-I              ««i    m     11    A  f  J""-  ^ug.  31,   1915 

Syracuse   Park   Comm.,   701    Teall   Ave.,  >•  .            ^,  ^^  "  ^_'     „,„ 

„    ,^  (  Assoc.  M.  Nov.  27,   1917 

Syracuse,  JN.  \ J 

Henderson,  Alfred  Reid.     187  Bergen  Ave.,  Jersey  City, 

N.J Nov.     27,1917 

Hoar,  Allen.     Civ.  Engr.,  U.  S.  N.  R.  F.,  Navy   |   Jun.  Feb.       4,  1914 

Yard,  Mare  Island,  Cal [  Assoc.  M.     Oct.        9,   1917 

Holstlaw,   Charles   Henry.      1st   Lieut.,    124th   Infantry, 

Camp  Wheeler,  Macon,  Ga Oct.        9,   1917 

Howell,  Clarence  Scott.     550  West  174th  St.,  New  York 

City     Nov.     27,  1917 

Johntz,  Albert  Frederick.     Asst.  Engr.,  The  Cuba  R.  R., 

Dept.  de  Via,  Camaguey,  Cuba Oct.        9,  1917 

Kalberg,  Swan  August.     Structural  Engr.,  Fred  T.  Ley  & 

Co.,  Inc.,  112  Magnolia  Terrace,  Springfield,  Mass...     Nov.     27,  1917 

KiLLOUGH,  Edward  Mathias.  Junior  Structural  Engr., 
Interstate  Commerce  Comm.,  Div.  of  Valuation,  116 
Market   St.,   Bethlehem,   Pa Nov.    27,  1917 

J^EON,  Harry  McConnell.  Junior  Asst.  Engr.,  Public  Serv- 
ice Comm.,  New  York  City,  953  Elmore  PL,  Brooklyn, 
N.  Y Nov.    27,1917 

Lewald,  Alfred.     Supt.,  The  Moreno-Burkman  Constr.  Co., 

4255  Athlone  Ave.,  St.  Louis,  Mo Nov.     27,  1917 

Lumsden,  Hugh  John.     Detail  Draftsman,  Structural  Div., 

City  Engr.'s  Office,  2301  Ward  Ave.,  Kansas  City,  Mo.      Oct.        9,  1917 

MacLean,  Charles  Edward.  Watermaster,  U.  S.  Reclama- 
tion Service,  Boise,  Idaho June    11,   1917 

McDonald,  William  Frederick.     Asst.  Engr.,  C,  M.  &  St. 

P.  Ry.,  1120  Wells  St.,  Apartment  8,  Milwaukee,  Wis.     Oct.        9,   1917 

Mead,  Royal  Lee.     10  Pearson  St.,  Chicago,  111 Nov.     27,  1917 

Moeller,  Henry  Lewis.  Chf.  Engr.,  Martini  &  Huneke  Co. 
of  America,  1201  Hudson  St.,  Hoboken  (Res.,  20  Belle- 
view  Ave.,  Highwood  Park,  Weehawken),  N.  J Nov.     27,  1917 
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ASSOCIATK    MK.MBERS     {CotldlllUil )  Date  Of 

Membership. 
^[ui.i.KN.    (HAKiKS    Auou.STiNK.      Director,    Paving    Dept., 

^rilton  Hersey  Co..  Ltd.,  84  St.  Antoine  St.,  Montreal, 

Que.,    Canada Nov.  27,  1917 

Neavkirk,     Samiel     Frank,     Jr.     Laniartino   )    Jun.  Feb.  4,  1914 

Ave.,   Bayside.  N.   Y ij  Assoc.  M.  Nov.  27,  1917 

Oxer,  George  Carrol.     136  West  73d  St.,  New  York  City. .  Nov.  27,  1917 

Pearson,  Harry   Brownley,  Jr.     Res.   Engr.,  )    ^  ^  ,  „  ,„,, 

TIT  1      r-         Ti      Ai       w      7         J""-  C>ct.       7,1914 

Julian  Kennodv,  Care,  The  Alan  Wood     y    ,  ,,      ^^  „^    ,„,„ 

Iron  «  Steel  Co.,  Swedeland,  Pa ) 

Perkins,  Setii,  Jr.    2d  Lieut.,  Field  Artillery,  U.  S.  R.,  11th 

Field  Artillery,  Douglas,  Ariz Nov.     27,   1917 

Pitcher,  Floyd  Jacob.     Asst.  to  E.  W.  Wiggin,  113  Cliurch 

St.,  New  Haven,  Conn Nov.    27,   1917 

Sartz,  Jacob  Peter.     Chf.  Structural  Engr.,  Standard  Oil 

Co.  of  New  Yorlv,  Shanghai,  China Sept.    11,   1917 

ScuDDEB,  Henry  Dabcy,  Jr.     Archt.  and  Engr.,  Essex  Bldg., 

Newark,  N.  J Nov.     27,  1917 

Shaw,   U'ii  ltam   Checkley,  Jr.     Care,   Div.  of   Valuation, 

Interstate  Commerce  Comm.,  Chattanooga,  Tenn....      Jan.     17,   1916 
Shibley,  Kenneth.     Mgr.  and  Member  of  Firm,  California 

Jewell    P'ilter    Co.,    1218    Merchants    Exchange,    San 

Francisco,    Cal Oct.        9,   1917 

STABK^YEATHEI{,  Alfred  Kenneth.    Asst.  Supt.,  )    ^  ,  „        ,„ 

Carringlon  Constr.  Co.,  366  Van  Houten 


^         .      ^^     ^  .   Assoc.  M.     Sept.    11,  1917 

Ave.,  Passaic,  N.  J.  * 

Stava,    William.      Care,    R.    R.    Comm.,    833  \  Jun.  Feb.  4,  1913 

:\larket  St.,  San  Francisco,  Cal f  Assoc.  M.  Oct.  9,  1917 

Sutton,   David.     Structural   Engr.,   Hood   Rubber    Co.,    15 

Ashmont  Rd.,  Waban,  Mass Nov.  27,  1917 

Taussig,    JoHxV    Wright.     Asst.     Gen.     Mgr.,  )    ,  _  n  imr 

\    Jun.  Jan.  6,  1915 

Raymond  Concrete   Pile   Co.,    140   Cedar   v   .            ^,  ,,  o-  inTr 

•'                                                '                         C  Assoc.  M.  Nov.  2/,  1917 

St.,  New  York  City ) 

Van  Winkle,  Robert  Neel.  Director  and  Advisor  The 
France  Stone  Co.,  1800  Second  National  Bank  Bldg., 
Toledo,    Oliio Nov.     27,  1917 

Whitwell,  Edward.  Technical  Advisor,  Aeronautics, 
British  Ministry  of  Munitions,  Robert  Treat  Hotel, 
Newark,    N.    J. Nov.     27,   1917 

Wolf,   William   Charles.     Cons.    Engr.;    City    Engr.,   304 

Forest  Ave.,  Belleville,   111 Nov.     27,   1917 

associates 

Headley,  William  Thomas.  Engr.  and  Pres.,  Headley 
Good  Roads  Co.,  30th  and  Spruce  Sts.,  Phihul('l{)hia, 
Pa Nov.     27,   1917 
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JUNIORS  Date  of 

Membership. 

Bird,  Harold  Crusius.  Associate  Prof.,  Civ.  Eng.,  Pennsyl- 
vania Military  Coll.,  Chester,  Pa Nov.     27,  1917 

BucHXER,  Harold  Follmer.     24  Pennsylvania  Ave.,  Wat- 

sontown.    Pa Oct.        9,   1917 

Gambier-Bousfield,  George  Edmua'd.     104  West  190th  St.. 

New  York   City Nov.     27,  1917 

Graham,   Roland  Russell.      15   East  Walnut  Ave..   INIer- 

chantville,  N.  J May     15,   1917 

Hopkins,  William  Trenholm.  in."i  East  31st  St.,  Savan- 
nah,  Ga Nov.     27,  191 7 

Perry,  Arthur  Franklin,  ,1r.     2d  Lieut.,  Coast  Artillery 

Reserve  Corps,  Fort  Dade,  Fla Nov.     27,   1917 

Reese,  Raymond  Castle.  Draftsman  and  Structural  De- 
signer, Bldg.  Dept.,  Gen.  Elec.  Co.,  181  Woodlawn 
Ave.,  Pittsfield,  Mass Nov.     27,  1917 


CHANGES  OF  ADDRESS 

members 

Barber,   William  Davis.     Care,  Contra   Costa   Co.,  2:55   Seventh   St.,  Rich- 
mond, Cal. 
Benham,  Webster  Lance.     Maj.,  Q.  M.  R.  C;  Engr.  Oflicer  in  Chg.  of  Camp 

Utilities,  Camp  Funston,  Kans. 
Billin,  Charles  Emery.     123  West  74th  St.,  New  York  City. 
CfiAMBERS,  Frank  Taylor.     Civ.  Engr.,  U.  S.  N.,  Conim.  on  Navy  Yards  and 

Naval  Stations,  Washington,  D.  C. 
COE,  Edward  Kirk.     Maj.,  E.  0.  R.  C,  Am.  Exp.  Force,  France. 
Cole,  Howard  Judson.     Constr.  Engr.,  Averill  Park,  N.  Y. 
Conrad,    Clarence   Knight.     Maj.,    E.    0.    R.    C;    Constr.    Quartermaster, 

Metuchen,  N.  J. 
Cox,  Leonard  Martin.     Civ.  Engr.,  U.  S.  N.;   Public  \Aorks  Officer,  U.  S. 

Naval  Training  Camp,  San  Diego,  Cal. 
Dean,   Bertrand   Dodd.     Capt.,   Co.   B;    Adjt.,   25th   Engrs.,   Camp   Devens, 

Ayer,  Mass. 
Ehle,  Boyd.    914  Kennedy  Bldg.,  Tulsa.  Okla. 

Evans,  Louis  Hyde.     Cons.  Engr.,  1743  Washington  Boulevard,  Chicago,  111. 
Ford,  William  Griffing.     Cons.  Engr.,  7  East  42d  St.,  New  York  City. 
Fry,  Alfred  Brooks.    Capt.,  U.  S.  N.,  N.  V.;  Engr.  Aide  to  Industrial  Mgr., 

U.  S.  Navy  Yard,  Brooklyn,  N.  Y. 
Gould,  William  Tillotson.    Capt.,  301st  Engrs.,  Camp  Devens,  Ayer,  Mass. 
Greenfield,  Robert  Arthur.     303d  Engrs.,  Camp  Dix,  Wrightstown,  N.  J. 
Hale,  Herbert  Miller.     Care,  Turner  Constr.  Co.,  244  INIadison  Ave.,  New 

York  City. 
Hale,  Walter  Hovey.     Vice-Pres.,  Adams  County  Light  &  Power  Co.,   120 

Warm  Spring  Ave.,  Boise,  Idaho. 
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MEMBERS   {Continued) 
Hodge,  Henry  Wir.sox.     Col..  Corps  of  Engrs.,  U.  S.  A.;   Office  of  Director 

General  of  'I'raiisportation.  Am.  Exp.  Force,  France. 
Hough,  Ulysses  B.     Hvdr.  and   Mill  Engr.,   722  Old  National   l^ank  Bldg., 

Spokane,  Wash. 
JONAit.  Frank  Gilbert.     Maj.,  Office  of  Director  General  of  Transportation, 

Am.  Exp.  Force,  France. 
JOYNER,    Frank   Hall.     Road   Conimr.,    County    of    Ix)s    Angeles,    Box    676, 

R.  F.  D.  No.  1,  San  Gabriel,  Cal. 
JUBB,   SiiERMA.N    AUGUSTUS.     Superv.    Engr.,   Bureau   of   Yards   and   Docks, 

Navy  Dept.,  57  Clifford  St.,  San  Francisco,  Cal. 
Lea,  Samuel  Hill.     Care,  J.  G.  White.  Eng.  Corporation,  Hampton,  Va. 
LiNDENTHAL,   GusTAV.     Cons.    Engr.,    2r>    Cinirch    St..    New   York    City. 
LiPSEY,  Tiio^tAS  Eugene  Leakd.     Asst.  Engr.  in  Chg.,  and  Special  Disburs- 
ing Agt.,  U.  S.  Engr.  Office,  313  Custom  House,  New  Orleans,  La. 
LoEWENSTEix,    Jacob.     (are.    Am.    Bridge    Co.,    Wilkins    Bldg.,    Room    803, 

Washington,  D.  C. 
ilACARTNEY,  ]\IORTON.     900  North  M  St.,  Tacoma,  Wash. 
McCuLLOUGH,  Ernest.     Maj.,  E.  0.  R.  C,  Care,  Chf.  of  Engrs.,  Am.  Exp. 

Force,  France. 
AIayer,  Joseph.     Cons.  Engr.,  1801  Highland  Ave.,  Hollywood,  Los  Angeles, 

Cal. 
MiLLiGAN,  Robert  Edgar.     Cons.  Engr.;   Gen.  Mgr.,  New  York  Continental 

Jewell  Filtration  Co.,  15  Broad  St.,  New  York  City    (Res.,  636  Mt. 

Prospect  Ave.,  Newark,  N.  J.). 
Newman,  Jerome.     Cons.  Engr.,  507  Alaska  Commercial  Bldg.,  San    Fran- 
cisco, Cal. 
NosKA,  George  Albert.     Capt.,  303d  Engrs.    (Sappers),   78th  Div.,  N.  A., 

Camp  Dix,  WrightstoAvn,  N.  J.    (Res.,  Hastings-upon-Hudson,  N.  Y.). 
Pendergrass,    Robert   Allen.     Mgr.,    Ship    Dept.,   McClintic-Marshall    Co., 

1210  Morris  Bldg.,  Philadelphia,  Pa. 
Potter,  Charles  Lewis.     Col.,  Corps  of  Engrs.,  U.  S.  A.,  Room  1108.  New 

Dept.  of  Interior  Bldg.,  Washington,  D.  C. 
Powers,  Cornelius  Van  Vorst.    Div.  Engr.,  Public  Service  Comm.  for  the 

First  Dist.,  120  Broadway,  New  York  City. 
PuGH,   Marshall   Rogers.     Maj.,   21st  Engrs.    (Light   Ry.),    Camp   Grant, 

Rockford,  111. 
Samuel,  George  Frederick.     Engr.  of  Waterworks  Design,  402  City  Hall, 

Chicago,  111. 
Spear,    Walter   Evans.     Maj.,    Q.    M.    R.    C.    in    Chg.   of    Camp    L'tilities, 

Camp  Upton,  N.  Y. 
Stern,  Eugene  Washington.     Maj.,  E.  0.  R.  C,  Am.  Exp.  Force.  France. 
Sutton,  Chari  es  Wood.     2  Rector  St.,  New  York  City. 
Tenney,   W^illis   Robinson.     Capt.,   317th   Engrs.,    Camp    Sherman,    Chilli- 

cothe,  Ohio. 
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MEMBERS    (Continued) 
Thomas,   Chesieb  Ashley.     Care,  Selby  Smelting  &  Lead  Co.,  Merchants 

Exchange  Bldg.,  San  Francisco,  Cal. 
Trott,  David  Crooker.     Siipt.  of  Constr.,  U.  S.  Public  Bldgs.,  Twin  Falls, 

Idaho. 
Whistler,  John  T.     Engr.,  Irrig.  and  Drainage,  Federal  Farm  Loan  Bureau, 

432  Federal  Bldg.,  Denver,  Colo. 
Whitman,  Ralph.     Civ.  Engr.    (Lt. -Commander),  U.   S.  N.;    Aid  on  Staff 

of    U.    S.    Military    Governor    of    Santa    Domingo,    Santo    Domingo, 

Dominican  Eepublic. 
Williams,  Charles  Page.     Asst.  Chf.  of  Constr.,  U.  S.  Reclamation  Service, 

Tramway  Bldg.,  Denver,  Colo. 
Woodard,   Wilkie.     Capt.,   E.   0.   R.   C,   Co.  H,   35th   Engrs.,   Camp   Grant, 

Rockford,  111. 
Woolley,  Andrew  Feaster.     Res.  Engr.,  8th  Dist.,  Div.  of  Shipyard  Plants, 

Care,   Emergency   Fleet   Corporation,   U.   S.   Shipping   Board,   Seattle, 

Wash. 

associate  members 

Anderson,  John  Edward.  Maj.,  212th  Field  Co.,  Royal  Engrs.,  B.  E.  F., 
France. 

Bailey,  Thomas  Sherwood.  Asst.  Engr.,  Dept.  of  State  Engr.  and  Surv., 
849  Union  St.,  Schenectady,  N.  Y. 

Baldwin,  Ernest  Wood.  Care,  Constr.  Dept.,  Braden  Copper  Co.,  Ran- 
cagua   (Sewell),  Chile. 

Banister,  Wiibub  Vick.     9  South  Morris  St.,  Dover,  N.  J. 

Barter,  Harold  Hendryx.     86  South  Lansdowne  Ave.,  Lansdowne,  Pa. 

Baver,  Walter  Samuel.  Mgr.,  Clarksburg  Eng.  Co.,  802  Goff  Bldg.,  Clarks- 
burg, W.  Va. 

Blaylock,  John  Charles.  Cons.  Engr.  (Blaylock  &  Knapp),  827  Webster 
Bldg.,  Chicago,  111. 

BoEs,  Fra\k  Charles.     With  Sizer  Forge  Co.,  244  Larkin  St.,  Buffalo,  N.  Y. 

BoTT,  Clarence  Nicholas.     Lieut.,  315th  Engrs.,  Camp  Pike,  Ark. 

BoYAJOHN,  Haig  Milton.  Care,  Am.  International  Shipbuilding  Corpora- 
tion, 140  North  Broad  St.,  Philadelphia,  Pa. 

Brainard,  Normand  Daggett.  Gen.  Supt.,  The  Austin  Co.,  1089  Delaware 
Ave.,  Buffalo,  N.  Y. 

Buck,  Walter  Van.     Capt.,  23d  Engrs.,  Camp  Meade,  Md. 

Bubrell,  Glenn  Smith.  Civ.  Engr.,  U.  S.  N. ;  Public  Works  Officer,  Sub- 
marine Base,  New  London,  Conn. 

Calhoun,  David  Adams.  Cons.  Engr.  and  Builder,  162  West  54tli  St.,  New 
York  City. 

C  AREW,  Frank  Jerome.  Care,  A.  Bentley  &  Sons  Co.,  Camp  Joseph  E. 
Johnston,  Fla. 

Chesley,  Frank  Ephbaim.     Box  224,  Erie,  Pa. 

Claflin,  Fred  Winslow.     Care,  Tata  Iron  &  Steel  Co.,  Sakchi,  India. 
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ASSOCIATE  MEMBERS   (Continued) 
Cooke,   Frederick   Hosmer.     Civ.   Engr.,   U.   S.   N.,   Bureiui    of   Yards   and 

Docks,  Navy  Yard,  Portsmouth,  N.  H. 
Coopp:r,  Sidney  Wooddmx.     281!)  Brentwood  Rd.,  Washington,  D.  C. 
CoRRiGAN.   Geouce   WASHINGTON.     Div.   Engr.,   S.    P.   Co.,   808    Sumner   St., 

Bakersfield,  Cal. 
CuRREY,  John   Waggoner.     1st  Lieut.,   E.   O.   R.   C,   Co.   C,   11.5tli    Kngrs., 

Camp  Kearney,  Cal. 
Dawson,  William  Edward.     Dubuque,  Iowa. 
Dennis,   Thomas   Henry.     Res.   Engr.,   California   Highway   Comm.,   Crows 

Landing,  Cal. 
DoRT,  Joseph  Cummings.     Asst.  Dist.  Engr.,  U.  S.  Forest  Service,  114  San- 

sonie  St.,  San  Francisco,  Cal. 
DuNLAP,  Walter  Hanna.    Lieut.,  lOOtii  Engrs.,  Derning,  X.  Mex. 
DuNLOP,  Samuel  Campbell.     Apartado  657,  Tampico,  Mexico. 
Dunn,  Beverly  Charles.     Maj.,  Corps  of  Engrs.,  U.  S.  A.,  West  Point,  N.  Y. 
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Bridges— t.  Continued). 
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Interesting  Electric  System  of  Haulage  at  a  Coal   Mine.*      Frank  Hoskinsou.      (45) 
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Characteristics     and     Testing    of     War     Searchlamps.*      Samuel     G.     Hibben.      (27) 
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beginning   Sept.   1. 
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Operation   of   Ice-Plant   Motors   at   Con.stant  Load.*      (27)      Sept.   29. 
Graphical   Presentation  of  Electrolysis  Data.*      H.  A.   Cozzens,   Jr.      (27)      Sept.  29. 
Prolonging  the  Existence  of  Cedar   Poles.*      Herbert  W.   Meyer.      (27)      Sept.   29. 
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Marine. 

A   Floating  Structure  of  3  700  Tons  Displacement.*      (96)      Aug.   16. 

The   Economic   Size  and   Speed  of  Steamers.      (22)      Aug.   31. 

Electric   Ship   Propulsion    in   the  Navy.*      (27)      Sept.   1. 

Enclosed   Shipbuilding   Berth   for  Canadian   Vickers,   Ltd.      (96)      Sept.   6. 

Unsinkable  Ships.      (Prom  Eiig.   Supplement  of  the  London   Times.)       (19)      Sept.   8. 
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of   Marine   Engrs.)       (19)      Sept.    15. 
La  Protection   Sous-Marine  des  Navires  de  Commerce.*      (33)      Sept.  29. 
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Producer  Gas  from  Coke  for  the  Open-Hea'rth  Furnace.      (22)      Aug.   17. 
Steel  Springs.'    C.  E.   Squire.      (Abstract  of  paper  read  before  the  Junior  Institution 

of   Engrs.)       (22)      Aug.   17. 
Installation    Made    for    Welding    Tool-Steel    Pace    on    to    Soft-Steel    Slab    for    Rotary 

Cutter  Knives   Demonstrates  Availability   of   Gas  for   Such   Work.*      Charles   B. 

Richardson.      (24)      Aug.   18. 
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Cam  Layout  for  Loom  Harnesses.*      Charles  F.  Merrill.      (72)      Aug.  23. 
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The  Utilization  of  Small  Coal.      J.   N.  Firth.      (22)      Aug.  24. 
The  Handling  of  Coal  by  Hydraulic  Means.      George  Frederick  Zimmer.      (57)      Aug. 

24. 
Redesigned    Furnace    So    Satisfactory    that    Second    Installation    is    Ordered.      S.    S. 

Amdursky.      (24)      Aug.    25. 
Adopt  Gas  Lamps  to  Make  Moving  Picture  Theatre  Brightest  Spot  on  Chestnut  Hill. 

(24)      Aug.   25. 
Practical    Points    in    Flat-Gage   Making.*     Hugo    F.    Pusep.      (72)      Aug.    30. 
Specifications   for  Leather   Belting.      Louis   W.   Arny.      (72)      Aug.   30. 
Checking  Angles  with   Swedish   Blocks.*      H.   B.   Lewis.      (72)      Aug.    30. 
Fuel   Research  in  1915-16.      (57)      Aug.   31. 

Hammering,   Pressing  or  Rolling  Steel.*      John  L.  Cox.      (22)      Aug.  31. 
Using  Low-Grade  Fuels  with  Existing  Equipment.*      R.  J.   S.  Pigott.      (27)      Sept.  1. 
Coke   and   Coal   Impossible   Fuels   in   Japanning  and   Oil    is   Equally   Unsatisfactory.* 

Gilbert  C.   Shadwell.      (24)      Sept.   1. 
The  Use  of  Titanium   in  Steel   Castings.     W.   A.   Janssen.      (Paper  presented  before 

the  Am.  Fouudrymen.)       (19)      Sept.  1. 
Furnace    Installation    at    the    New    Sheffield    Works    of    Messrs.    Kayser,    Ellison    and 

Company.   Limited.*      (22)      Sept.   7. 
By-Product   Coke   and   Coking   Operations.*      C.    J.    Ramsburg   and    F.   W.    Speer,   Jr. 

(Abstract    of   paper    presented    before   the   Franklin    Inst,    and   the   Philadelphia 

Section  of  Am.   Soc.  of  Mech.  Engrs.)       (22)      Sept.   7. 
The     Low    Temperature     Distillation     of     Inferior     Coals.*      T.     F.     Winmlll.      (22) 

Sept.    7. 
Screen  Scale  for  Coal-Testing  Work.*      B.  A.  Holbrook.      (45)      Sept.  S. 
Changing   from   Eastern   to  Central   States   Coal.*      (27)      Sept.   8. 
Lack  of  Thorough  Distribution  System  One  of  Factors  Hampering  General   Adoption 

of   Benzol    for   Motor   Fuel.      J.   E.    Bullard.      (24)      Sept.    8. 
Sand  and  Gravel  Digger  Designed  and  Built  for  Ohio  River.*      A.  W.  Kreamer.      (13) 

Sept.   13. 
Coaling  Plant  Delivers  Coal   to   Self-Unloading   Barge.      (13)      Sept.   13. 
The  Oxidisable   Constituents  of  Coal.      J.    Ivon   Graham   and   James   Hill.      (Abstract 

of   paper    read    before   the    North   of   England   Inst,   of   Min.    and    Mech.    Engrs.) 

(22)      Serial  beginning  Sept.  14. 
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Mechanical  -(Continued). 

Fuel  Economy  Experiments.*      (22)      Sept.  14. 

Sanitary   Loprislatioii   Tliroushoiit   rountry    TciuiinR   Towards   Making   Use  of   Gas   In 

Dutih   BaVie  Ovens   Imperative.*      Bruno    Ralin.      (24)      Sept.    15. 
Present   Knowiedgc   and   Practice   in    Regard   to   tlie    Driquetting   of    Iron   Ores.     Guy 

Harrett   and   T.    I?.    Rogerson.      (22)      Sept.   21. 
The    Failure    of    Boiler    Plate.s    in    Service,    and    Investigation    of    the    Stresses    that 

Occur    in    Riveted    Joints.*      E.    B.    Wollf.      (22)      Sept.    21. 
Gas    Selected    for    Fuel    Supply    at    San    Diego    Army    Encampment.*      D.    J.    Young. 

(24)      Sept.  22. 
Coal  Briquettiug,  with  Special   Reference  to  Anthracite.      Jno.  A.  Yeadon.      (Abstract 

of   paper    road   before    South    \Vale.s    Inst,   of   Bngrs.)       (22)      Sept.    28. 
Oil    Burning    Ranges    Demolished    and    Battery    of    Fifteen    Gas    Ranges    Installed    in 

Hotel     Kitchen     in     Two     Nights    Without     Interfering     With     Service.*      (24) 

Sept.    29. 
Even   Where   Fuel   Cost   for  Gas   is   Two   and   Three   Times   That  for  Coal   Former   Is 

Most  Economical  For  Brass  Melting.*      (24)      Sept.  29. 
Drag  Line  Cableway  Excavator  and  Washery  Operated  as  Independent  Units.*      (86) 

Sept.    19. 
Preheating    Effect    Secured    by    Combining    Functions    of   Hopper,    into   Which    Pieces 

to   be   Treated   are   Charged,    with   Flue   in    Gas-Fired   Furnace   for   Small    Steel 

Forgings.*      A.    J.    De    Ghequier.      (24)      Sept.    29. 
Emploi   des   Outils   en   Acier   Moul6    Rapide.      Grenet.      (93)      July. 
Die   Verarbeitung   der    Gaswerk-Nebenprodukte.*      F.    Escher.      (107)      Serial    begin- 
ning Sept.   1. 

Metallurgical. 

Automatic    Heat    Treatment    of    Steel.*      T.    F,    Bailey.      (Abstract    of    paper    read 

before   the   Cleveland   Eng.    Soc.)       (62)      Aug. 
Production    of    Low    Carbon    Electric    Steel.      A.    S.    Hellstrom.      (116)      Aug. 
Progress   in  American   Hot-Blast   Stove   Design.*      Arthur  J.   Boynton.      (Abstract  of 

paper  read  before  the  Am.   Iron  and  Steel   Inst.)       (22)      Aug.   3. 
Electrochemistry    and   Electrometallurgy   in    France.      C.    O.    Mailloux.      (Abstract   of 

report.)       (22)      Aug.    10. 
Zirconia   as    a    Refractory    Material.      (22)      Aug.    10. 
Hardening   High-Speed   Steel    Tools.      J.    B.   Rogers.      (72)      Aug.    16. 
How   to   Avoid    Cracks    in    Hardening    (Hardening   of    Steel).      Donald    A.   Hampson. 

(72)      Aug.  IP. 
Utilization  of  the  Sulphur  Contents  of  Zinc  Ore.     H.  M.  Ridge.      (Abstract  of  paper 

read    before    the    London    Section    of    the    Soc.    of    Chemical    Industry.)      (22) 

Aug.  17. 
A    History    of   the   Detinning   Industry.      (Abstract    of    article    in    Reactions,    second 

quarter,  1917.)       (16)      Sept.  1. 
Mining  and   Smelting  Copper  Ore  at  Kalata.*      F.  W.   Draper.      (103)      Sept.   1. 
Metallurgical    Processes    in    the    Foundry.*      Alexander    E.    Outerbridge,    Jr.      (Paper 

read  before  the  Philadelphia  Foundrymen's  Assoc.)       (19)      Sept.  1. 
Modern  Milling  Methods  Applied  to  California  Gold  Ores.*     Alex.   McLaren.      (103) 

Sept.  1. 
Precipitating  Gold  from  Coppery  Cyanide  Solution.     Robert  Lindsay.     (103)     Sept.  8. 
Seale-Shellshear   Flotation    Apparatus.*      (103)      Sept.    8. 
Soluble  Frothing-Agents.      C.  L.  Perkins.      (103)      Sept.  8. 
Electric   Furnace   Operating   Costs.      F.    T.    Snyder.      (22)      Sept.    14. 
Chemical  Reactions  of  Ore  Smelting.      Walther  Mathesius.      (Abstract  of  paper  read 

before  the  Am.  Iron  and  Steel  Inst.)       (22)      Sept.  14. 
Simple    Methods    of    Finding    Density    and    Weight   of    Solids    in    Mill-Pulp.*      R.    B. 

Killani.      (103)      Sept.   15. 
Cyaniding  Gold  Copper  Ores  at  Pilgrims  Ra?t.      Robert  Lindsay.      (Abstract  of  paper 

published  in  Journal  of  the  Chemical,  Metallurgical  and  Min.  Soc.  of  South  Africa, 

April.  1917.)       (16)      Sept.  15. 
R51e  of  Manganese  in  Alloy  Steels.      Henry  M.  Howe.      (Abstract  of  paper  read  before 

Am.    Soc.    for  Testing   Materials.)       (16)      Sept.    15. 
Zinc   Burning  as  a  Metallurgical   Process.*      W.   R.    Ingalls.      (16)      Sept.   15. 
Cyanidation   of   Flotation    Concentrate.      James   G.    Parmeloe.      (103)      Sept.    15. 
Influence  of  Heat  Treatment  on  the  Electrical  and  Thermal   Rasistivity  and  Thermo- 

Electric-Potential  of  Some  Steels.      Edward  D.  Campbell  and  William  C.   Down. 

(Abstract.)       (22)      Sept.    21. 
The  Acid  Open-Hearth  Procoss.*      F.  Rogers.      (22)      Sept.  21. 
The    Bggertz    Test    for   Combined    Carbon    in    Steel.      J.    H.    Whiteley.      (Abstract   of 

Carnegie   Research    Report.)       (22)      Sept.    21. 
The  Microstructure  of  Commercially  Pure  Iron  Between  Ar3  and  Ar2.      W.  J.  Brooke 

and  F.  F.  Hunting.      (22)      Sept.  21. 
Investigation    Upon    a    Cast    of    Acid    Open-Hearth    Steel.      T.    D.    Morgans    and    F. 

Rogers.      (22)      Sept.    21. 
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Metallurgical— ( Continued ) . 

Some   riuxes  and   Methods  Used   in   Fire  Assays.      Carl   J.    Trauerman.      (16)      Sept. 

Upflow  Clariflcation   of   Solution.*      A.   W.   Allen.      (103)      Sept.    22. 

Commercial  Alloy  Steels  :   Historical  and  Practical   Notes  on  Their  Development  and 

U.se.      Edgar   1).    Rogers.      (19)      Sept.    22. 
Rolo  of   Vanadium    in    Alloy   Steels.      (16)      Sept.   29. 
Los   Appareiis   a   Air  Chaud.*      Johnson.      (93)      March. 
Sur  le  Point  b  de  Tchernoff   (on  Structure  of  Steel).      (93)      Mar. 
Etude    Exp6rimentale    du    Refroidissement    de    Divers    MStaux    par    Immersion    dans 

TEau.     Garvin  and  Portevin.      (93)      Sept. 
Influence   de   la   Vitesse   de   Refroidissement   sur    la   Temperature   de   Transformation 

et  la  Structure  de.s  Aciers  au  Carbone.      Portevin   and   Garvin.      (93)      Sept. 
Sur    les    Points   de    Transformation    des    Aciers    Nickel-Chrome.      A.    Portevin.      (93) 

Sept. 
Recherches  sur  la  Dilatation   Thermique  et  sur  la  Vitesse  de  Dissolution  des  Aciers 

au  Carbone.*      Job.  Dricsen,      (93)      Sept. 
Quelques  (Observations   sur  les  Points   de  Transformation   de  Aciers   Speciaux.      Leon 

Guillet.      (93)      Sept. 
Dilatom^tre     Differentiel     Enregistreur ;     Descriptions     et     Premieres     Applications. 

Pierre    Chevenard.      (93)      Sept. 
La    Fonte   Synthetique.      Ch.    Dantin.      (33)      Sept.    1. 
Les    Aciers    Bessemer,    Martin,    §lectriques    et    au    Creuset.      Georges    Charpy.      {33) 

Sept.   29. 

Military. 

The  Panoramic  Sight.*      W.  L.   Olmstead.      (72)      Serial  beginning  Aug.   2. 

Flash   Annealing   Large   Projectiles   by   Gas.*      Edward    A.   Pilnacelf.      (24)      Aug.    4. 

The    Great    Canadian    Aviation    Camp.*      Fred    H.    Colvin.      (72)      Serial    beginning 

Aug.    9. 
Precision    Thread   Gages    (Manufacture   of    Munitions).*       E.    A.    Suverkrop.      (72) 

Aug.  16. 
Tlie  Vickers  Machine  Gun  Model  of  1915.*      (72)      Aug.  23. 
Characteristics     and     Testing     of    War     Searchlamps.*      Samuel     G.     Hibben.      (27) 

Sept.   1. 
The  Power  Problem  of  the  Munition  Plant.      Sydney  Fisher.      (27)      Sept.  1. 
Long  Timber  Truss  Hangar  Roofs  Have  No  Knee-Braces.      (13)      Sept.  6. 
New    .lersey's    Big    Cantonment    City    Will    Have    Surface    Water    Supply.*      Robert 

K.  Tomlin.  Jr.      (13)      Sept.  6. 
Concrete  Structures  in  War.      (19)      Sept.  8. 

Road   Maintenance  in  the  War  Zone  of  France.      William   J.   Weir.      (13)      Sept.   13. 
Buildings  Stepped  to  Fit  Hillsides  at  Camp  Gordon,   Atlanta.*      (13)      Sept.   13. 
500  Teams  Save  Day  in   Deep  Mud   at  Camp  Lee.      (13)      Sept.   13. 
Logging  Roads  Carry  Lumber  to  Each  Brigade  at  Columbia  Camp.      (13)      Sept.   13. 
Building  Army  City  in  Wilderness  Was  the  Problem  at  Camp  Pike.      (13)      Sept.  20. 
Gas  Selected  for  Fuel  Supply  at  San  Diego  Army  Encampment.*      D.  J.  Young.      (24) 

Sept.   22. 
Put  Twenty  Thousand  Men  Under  Roof  in   Two  Months.*      (13)   •  Sept.   27. 
Shells    of   the   Fighting    Nations.*      (19)      Sept.    29. 
Appareil  .Alpha:   Appareil  de  M.  le  Professeur  Gutton  pour  la  Decouverte  de.s  Objets 

Metallique.s   Enfonis  dans  le  Sol.      F.   Guillebot  de  Nerville.      (43)      May. 
La   Fabrication    des    Obus   par   Forgeage    aux    Usines    Curtis,    a    Saint-Louis    (Etats- 

Unis).     P.   Calfas.      (33)      Sept.  8. 
Cuirasses,  Casques  et  Boucliers.*      Nicolas  Flannel.      (33)      Sept.  15. 

Mining. 

Stone-Dusting  in  Collieries — Some  Observations  on  the  Properties  and  Characteristics 

of    Various    Stone    Dusts.      L.    G.    Hill.      (Paper    read    before    the    South    Wales 

Inst,  of  Engrs. )       (22)  Aug.  3  ;   (57)  Aug.  3. 
Importation    of    Chinese   Coal    Miners.      P.    L.    Mathews.      (45)      Aug.    4. 
Suggestions  on  Thin-Coal   Mining.*      .J.   F.  K.  Brown.      (45)      Aug.   4. 
Reinforced    Concrete:   Its    Application    to    Pit    Props.      W.    A.    Machin.      (Abstract    of 

paper  read  before  Midland  Branch  of  the  National  Assoc,  of  Colliery  Managers.) 

(22)      Aug.   10. 
Notes   on    Coal    Washing   Eixperiments.*      J.   Pascal.      (57)      Aug.    10. 
The  Natal    Coalfields — Phases   in   Development.      Wm.   Taylor   Heslop.      (Abstract  of 

paper    read    before    Chemical,    Metallurgical    and    Min.    Soc.    of    South    Africa.) 

(22)      Aug.   10. 
Coal  Mining  Investigations.      (45)      Serial  beginning  Aug.  11. 
Pennsylvania   Bituminous  Mine  Inspectors  Given  Life  Tenure  of  OflBce.      Frank  Hall. 

(45)      Aug.    11. 
A   Fresh   Aspect    of   Intensive   Mining    in    Thin   Seams.      George   Gibb.      (Abstract   of 

paper  read  before  Min.  Inst,  of  Scotland.)      (22)  Aug.  17;   (57)  Aug.  17. 

*  Illustrated. 
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Mining     (Continued'. 

Iligh-Tpiision  Current  iu  Mines.*     J.  Roland  Brown.      (Paper  read  before  Kentuoky 

Min.    Inst.)       (45)      Aug.    18. 
Inflammability  of  Mixtures  ot  Gases  with  Air.*     G.  A.  Burrell   and  A.  W.  Gauger. 

(57)      Aug.   24. 
Koepe  r.  Whiting  Systems  of  Winding.      (22)      Aug.  24. 
Development  of  Deep  Coal  Areas  in  Bengal.      G.  George.      (From  T7-ansactions  of  the 

Min.  and  Geologiral  Inst,  of  India.)       (57)  Aug.  24;   (22)  Aug.  24. 
The  Truth   About   Wagon   Mines.      (45)      Aug.   25. 
The  Mexican  a.s  a  Coal  Miner.*      P.  L..  Mathews.      (45)      Aug.  25. 
The    Suppres.sion    of    Rock    Dust    in    Mines.*      A.    C.    Whittome    and    J.    H.    Veasey. 

{From.  Jour7ial  of  the  South  African  Institution  of  Engrs.)       (57)      Aug.  31. 
Double-pressure  Testing  of  Colliery  Electrical  Apparatu.s.*      L.  Pokes.*      (22)      Aug. 

31. 
The   South    Staffordshire   Coalfield.*      (22)      Aug.    31. 

New   Rescue  Station   at  Ilkeston,   and  the  Manners  Colliery.      (22)      Aug.    31. 
Interesting  Electric  System  of  Haulage   at  a  Coal  Mine.*      Frank  Hoskinson.      (45) 

Serial   beginning   Sept.    1. 
Mining  in  the  Argentine  Andes.*      A.  W.  Allen.      (16)      Sept.   1. 
Mining  and  Smelting  Copper  Ore  at  Kalata.*      F.  W.  Draper.      (103)      Sept.   1. 
Stoping  Methods  at  the  Franklin  Mines.*      H.  11.  Hodgkinson.      (16)      Sept.   1. 
Tentative   Safety   Rules   for  Gold  Dredges   in   California.      (16)      Sept.    1. 
Large  Blast  Accurately  Places  S97  000  Tons  of  Rock.      (13)      Sept.  6. 
Increased  Wages  and  Decreased  Efficiency  in  the  Clifton-Morenci  District.*      Walter 

Douglas.      (103)      Sept.  8. 
(3ost  Accounting  for  Mine  Engineers.      H.  H.  Stoek.      (45)      Sept.  8. 
Copper  Operation  of  Compagnie  du  Boleo.*      Lindsay  Duncan.      (16)      Sept.  8. 
The  Power  Situation  at  Coal  Mines.      C.  M.  Means.      (45)      Sept.  8. 
Graphite.      L.   W.  Brooks.      (103)      Sept.   15. 

The  Cresson  Bonanzas,  at  Cripple  Creek.*      Horace  B.  Patton.      (103)      Sept.  15. 
Electrical  Equipment  at  Winding  Gulf,  W.  Va.*      C.  H.  Elson.      (45)      Sept.  15. 
Mine  Operation  on  the  Leasing  System.      Henry  M.  Adkinson.      (16)      Sept.  15. 
Dredging  in  the  Nechi  Valley.      (16)      Sept.  15. 
Methods  and  Costs  of  Cross  Cutting  iu  Mines  of  Amador  County,   California.      (86) 

Sept.  19. 
The    Frickley    Colliery    of    the    Carlton    Main    Colliery    Company,    Limited..*      (22) 

Sept.  21. 
Centrifugal  Pumps  for  Mine  Service.      Herbert  Axford.      (45)      Sept.   22. 
Minas  de  Matahambre.  Cuba.*      D.  Ford  McCormick.      (16)      Sept.  22. 
Recovery  of  Pyrite  from  Coal.      (16)      Sept.  22. 

Plant  of  the  Lundale  Coal  Co.,  Lundale,  W.  Va.*  W.  W.  Beddow.  (45)  Sept.  22. 
Sink  7  700-Ton  Drop  Shafts  to  Exact  Line  and  Grade  by  Dredging.*  (13)  Sept.  27. 
Shaft-Signalling  Regulations  with   Special   Reference  to  the  Pearce-Hall   Indicator.* 

(22)      Sept.  28. 
Corocoro  Copper  Mines.*      Francis  Church  Lincoln.      (103)      Sept.  29. 
Counterbalance  and  Equalization  of  the  Load  in  Hoisting.*     H.  D.  Pallister.      (45) 

Sept.  29. 
EJxtinguishing  an  Anthracite  Mine  Fire.      (45)      Sept.  29. 
Standard  Reports  for  Accident  Statistics.      Albert  H.  Fay.      (Abstract  of  paper  read 

before  the  National   Safety   Council.)       (16)      Sept.   29. 
Necessity    of    Mechanical    Ventilation    for    Metal    Mines.      G.    S.    Rice.      (Abstract    of 

paper  read  before  the  National  Safety  Council.)      (16)      Sept.  29. 
Le  Bassin  Houiller  de  la  Sarre,  Ktude  Mini^re  et  M6tallurgique.      J.  Tribot  LaspiSre. 

(33)      July  21. 

Miscellaneous. 

Education    of   Apprentices.      (73)      Aug.   3. 

Millions    of    Dollars    Being    Wasted    Annually    in    Changing    of    Industrial    Forces. 

W.  A.  Grieves.      (24)      Aug.  4. 
Engineers    in    Regulatory    Commissions    Can   Well    Afford   to    Give   Less   Attention   to 

Valuations    and    More    Attention   to   Other   Items   Relating   to    Fixing   of    Rates. 

William  J.  Norton.      (24)      Aug.  11. 
Customer  Ownership  as  a  Means  of  Improving  Public  Relations.      William  H.  Hodge. 

(Abstract  of  paper  read  before  Graduate  School   of  Business   Administration   at 

Harvard  Univ.)       (24)      Sept.  1. 
A    Qualitative   Determination    of    the   Reflection    Coefficients   of   Some   Metals    in   the 

Schuman    Region.*      I.    C.    Gardner.      (From    Astorphysical    Journal,    Vol.    45, 

No.  1)..     (19)      Sept.  1. 
The  Projection  of  Light.     J.  A.  Orange.      (From  the  General  Electric  Review.)      (19) 

Sept.  1. 
The  Metric  System.*     C.  A.  Briggs.      (Paper  read  before  the  National   Scale   Men's 

Assoc.)      (19)      Sept.  8. 
A  New  Ideal  for  the  Labor  Unions.      (16)      Sept.  8. 
No  Promise  of  Lucrative  Practice  Made  to  Engineering  Students.      (13)      Sept.   13. 

*  Illu.strated. 
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MUcellaneons— (Continued  J. 

Building  Up  an   Engineering  Organization  with   Special  Reference  to  the  Selection  of 

Men.      Arthur  B.   Morgan.      (13)      Sept.  20. 
System    Makes    Easy    Determination    of    Empirical    Formulas.      E.    W.    Lane.      (13) 

Sept.  20. 
Colloidal    Chemistry    in    Paper   Making.     Judson    A.    Decew.      (From   Journal   of   the 

Soc'.  of  Chemical   Industry.)       (19)      Sept.  22. 
Mental    Values   Derived    from   Study   of   English  are  the   Essentials.      Emerson   Grant 

Sutcliffe.      (13)      Sept.   27. 
The  Great  Canadian  Tole.scope.*      (19)      Sept.  29. 

I'ne  Discussion  sur  rEnseignomont  Technique  SupSrieur.       (93)      May. 
Quekiues  Remarques  Complomentaircs  sur  I'Enseignement  des  Ingenieurs.    A.  Bloudel. 

(93)       May. 
Les  Formules  de  Salaire  Moderne.      Goupil.      (43)      July. 

Le  Rendement  des  Employes  du  Gouvernement.      F.  W.   Taylor.      (93)      July. 
Les  Principes  de  I'Organisation   Scicntifique  du  Travail.      (93)      July. 
L'Utilisation  des  Mutil6s  pour  I'Organisation  du  Travail.      Ch.  de  Freminville.      (93) 

July. 
Les  Salaires  Ouvriere.*      H.  Le  Chatelier.      (93)      July. 
La  Viande  la  Plus   Interessante  a  Produire  ;   Superiorite   Economique   Actuelle  de   la 

Viande  de  Pore  sur  la  Viande  de  Boeuf.      Andre  Gouin  and  P.  Andouard.      (33) 

Sept.   8. 
Amelioration  du  Pain  de  Guerre  par  Neutralisation  des  Ferments  du  Son.      (Abstract 

of  paper  read  before  the  Academy  of  Sciences.)       (33)      Sept.   S. 
La   Question    du   Pain   en    Temps   de   Guerre ;    L'Etat,    le   Consoramateur,    le   Meunier, 

Conclusions.      L.  Lindet.      (33)      Sept.  15. 

Municipal. 

A   Practical  Township   Settlement  Plan.*      W.   A.  Begg.      (96)      Sept.   6. 
New  Mining  Town  of  Revloc,  Penu.      (45)      Sept.  29. 

Railroads. 

Experience    in    Weed    Burning    on    Pacific    Electric    Railway.*      Clifford    A.    Elliott. 

(17)      Aug.  4. 
Railroad  Work  in  the  Panama  Shops.*      Frank  A.  Stanley.      (72)      Aug.   9. 
The    Career    Offered    by    the    Engineer's    Department    of    a    British    Railway.*      (12) 

Aug.   10. 
Locomotive  Piston  and  Crosshead  Works.*      Frank  A.   Stanley.      (72)      Aug.  16. 
The  Electrification  of  the  Riksgrans  Railway.*      (73)      Aug.   17. 
Consolidation   Locomotive   for   Expeditionary   Forces   in    France.*      (18)      Aug.    25. 
Metal  Alloys  Used  in  Locomotives.*      G.  L.  Boyt.      (Abstract  of  paper  read  before  the 

Minnesota  Section  of  the  Am.  Soc.  of  Mech.  Engrs.)       (IS)      Sept.   7. 
Train    Handling.      G.    H.   Wood.      (From,   paper   presented   before  the   Car   Foremen's 

Assoc,  of  Chicago.)       (15)      Sept.  7. 
The  First  Railroad  in  Albania.*      (15)      Sept.  7. 
Testing   Rails    by    the    Quick-Bend    Method  :    A    Description    of    the    Apparatus    Built 

Recently    by    the    Pennsylvania    Railroad    to    Replace    the    Drop    Test.*      (15) 

Sept.   7. 
The  Baldwin  Internal-Combustion  Locomotives.*      (22)      Sept.   14. 
Oil   Burning  Locomotive  Firebox  Temperatures.*      (15)      Sept.   21. 
System  of  Auditing  on  the  Boston  &  Maine.*      (15)      Sept.  21. 
A   Successful  Campaign   on   Claim   Reduction  :   A  Description   of  Methods   Adopted   by 

the  Santa  Fe  to  Decrease  These  Payments  and  of  the  Results  Secured.*      Charles 

E.  Parks.      (15)      Sept.  28. 
Factors    in   Locomotive   Smoke   Abatement:    How   Smoke   is   Formed   and   How    Brick 

Arches    Reduce    It ;    Ample    Combustion    Space    and    Flameway    Needed.*      J.    T. 

Anthony.      (From    a    paper    read    before    the    Smoke    Prevention    Assoc.)       (15) 

Sept.  28. 
Brake  Pipe  Leakage  and  Compressor  Capacity  :   Testing  Train   Leakage  by  Charging 

Through   an   Orifice   Designed   to   Supply   Maximum   Allowable  Leakage.*      C.    R. 

Weaver.      (Abstract  of  paper  presented  before  the  Central  Railway  Club.)       (15) 

Sept.   28. 
Locomotives    Type   Atlantic    du    Pennsylvania    Railroad.*     Ed.    Sauvage.     (92)     May. 
Les  Chemins  de  Fer  Frangais,  Leur  Situation  Presente  et  leur  Avenir.      J.  TreviSres. 

(33)      Serial  beginning  Sept.   1. 
La   Nouvelle  Locomotive   Electrique   pour   Trains    de   Marchandises   du    Pennsylvania 

Railroad.*      (33)      Sept.   15. 
Les  Recentes  Locomotives  a,  Vapeur  du  Pennsylvania  Railroad.*      (33)      Sept.   29. 

Railroads,  Street. 

Keep-Up  versus  Pick-Up  in  Overhead  Maintenance.*      S.  L.   Foster.      (17)      Aug.  4. 
Inductive    Resistances    for    Weakening    the    Field    of    Tramway    Motors.*      L.    Adler. 

(Ab.stract    of    article    in    Elektrotechnische    Zeitschrift,    No.    48,    1916.)       (73) 

Aug.   31. 

*  Illustrated. 
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Railroads,  Street     Continued). 

Construction  des  Tramways  Electrlques  du  Saint-Glronnals.*      T.  Bib^s.      (43)      July. 
Le    Tunnel    Quadruple    du    Metropolitan    Souterrain    de    New- York,    sous    la    Harlem 
River.*      (33)      Sept.  1. 

Roads  and  Pavements. 

A  New  Road  Sweeping  and  Loading  Machine.*      (104)      Aug.  17. 

Prison  I.^bor  and  Slag  Surfacing  Solve  Ohio  Road  Problem.*      (13)      Aug.  30. 

Concrete     Pavement     Specifications     of     Ohio     State     Highway     Department.*      (86) 

Sept.  5. 
Comparative   Cost   of   Guard    Rail    and    Flat   Side    Slopes    or    Banquettes.*      Chas.    R. 

Thomas.      (86)      Sept.   5. 
Bituminous  Surfaces  for  Macadam  Roads.*      (86)      Sept.  5. 
Street  Cleaning  Costs  at  Houston,  Texas.      (86)      Sept.  5. 
Missouri   Cities   Experiment  with   Vacuum   Street  Cleaners.      (13)      Sept.   6. 
Apportion  Concrete  Mixture  on  Road  Job  at  Loading  Hoppers.*      (13)      Sept.  6. 
Pit-Run  Gravel  Concrete  Used  for  Pavement  Sub-Base  at  London.*      (96)      Sept.  6. 
Samples  of  Completed  Pavements  Taken  with  Core-Drill.*      (13)      Sept.  13. 
Road  Mainten.-\nce  in  the  War  Zone  of  France.      William  J.  Weir.      (13)      Sept.  13. 
Road  Types  Often   Condemned  by  Improper  Maintenance.*      B.   H.   Piepmeier.      (13) 

Sept.  20. 
Widening  Existing  Streets  to  Meet  Traffic  Demands.*     Nelson   P.  Lewis.      (Abstract 

of   paper   read    before   the   9th    National    Conference   on   City    Planning.)      (96) 

Sept.  27  :   (86)   Sept.  5. 
Ohio  River  Gravel  Makes  Good  Roads  in  Kentucky.*      (13)      Sept.   27. 
Note  sur  un   Mur  de   Soutdnement   et  un   Passage   Inf§rieur  en   Ciment  Arme   FondS 

sur   Remblai,    Construits   pour    Rectifier   la    Route   Nationale   No.    11,    d'Alger   a 

Mostaganem  a  la  Travers6e  de  I'Oued  Ferrah  pres  d'Alger.     Raby.      (43)      May. 

Sanitation. 

Purification  of  Tannery  Wastes.      (86)      Aug.  8. 

Latrines  for  Mines.*      (22)      Aug.  24. 

The  Effect  of  Gas  Lighting  Upon  Ventilation.*      (24)      Aug.   25. 

Occurrence    and    Mitigation    of    Injurious    Dusts    in    Steel    Works.      J.    A.    Watkins. 

(Abstract  of  Technical  Paper  No.  153,  V.  S.  Bureau  of  Mines.)  (22)  Aug.  31. 
Filtration  Controls  Typhoid  at  Niagara  Falls.*  Charles  B.  Burdick.  (13)  Sept.  6. 
Comparative  Tests  of  Air  Diffusers  and  Devices  for  Dewatering   Activated   Sludge.* 

(86)      Sept.   12. 
Garbage  Disposal  by  Incineration,  Reduction  and  Feeding  to  Swine.      (86)      Sept.  12. 
Methods    and    Costs    of    Constructing    4  173    Ft.    of    Large    Concrete    Sewer.     E.    T. 

Thurston.      (86)      Sept.  12. 
Ice  Forms  But  Sprinkling  Filters  Go  On.*      Myron  A.   Bantrell.      (13)      Sept.  13. 
Problems   in   Waste  Disposal.*      Henry  A.  Allen.      (96)      Sept.   13. 
Multiple    Bunsen    Burner    Designed    to    Provide    Heat    for    Pittsburgh    Hotel.      J.    C. 

Hobbs.      (Abstract  of  paper  read  before  Engrs.  Soc.  of  Pa.)       (24)      Sept.  15. 
Slde-Hill  Drainage  Allowed  to  Wash  Over  Roads.*      W.  C.  Slaytou.      (13)      Sept.  20. 
Tannery  Wastes  Studied.      (13)      Sept.  20. 
Mechanical    Filter    Bottoms    and    Strainer    Systems.      Robert    Spurr    Weston.      (13) 

Sept.  20. 
Mimico  and  New  Toronto  Joint  Sewerage  System.      T.  Lowes.      (96)      Sept.  27. 
Problems  in  the  Sanitation  and  Ventilation  of  Textile  Mills.      (86)      Sept.  26, 

Structural. 

Laboratory  of  the  Consolidation  Coal  Co.*     H.  A.  Williamson.      (45)      Aug.  11. 

Pltwood  Supplies.*      (22)      Aug.  17. 

The  Airostyle  Paint-Spraying  Plant.*      (11)      Aug.   17. 

Diagrams  Facilitate  the  Design  of  Concrete  Forms.*     A.  Norman  Laird.  (13)  Sept.  6. 

Mill  Construction  Used  for  City  Factory  Building.      (13)      Sept.   6. 

Long  Timber  Truss  Hangar  Roofs  Have  No  Knee-Braces.      (13)      Sept.  6. 

Concreting    Plant    Has    Novel    Way   of    Handling    Cement.*      W.    Stuart    Tait.      (13) 

Sept.   6. 
One  Hundred  Concrete  Dwellings  Built  as  One  Contract  Job.*      (13)      Sept.   6. 
Concrete  Structures  in  War.      (19)      Sept.  8. 

Notes  on  Prepared  Paints  for  Metal  Surfaces.      Henry  A.  Gardner.      (96)      Sept.   13. 
Simple  Cost  Accounting  System  Adaptable  to  Many  Classes  of  Construction.*     B.  R. 

Leed.      (86)      Sept.    19. 
What  is  the  Trouble  with  Concrete  in  Sea  Water?*     Rudolph  J.  Wig  and  Lewis  R. 

Ferguson.      (13)      Sept.  20. 
Wood-Preserving    Opportunities    In    the    Anthracite    Field.*     Kurt    C.    Barth.      (45) 

Sept.  22. 
An  Eccentric  Loading  Experiment.*      J.  A.   Vanden  Brock.      (86)      Sept.  26. 
Graphical   Solution  of  Continuous  Beams.      W.  S.  Wolfe.      (86)      Sept.  26. 
Design  and   Construction   Features  of  New  Buildings  of   South   Park  Commissioners 
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Structural— (Continued) . 
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Water  Supply. 
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Observations   on    Sinking   Pumps.*      J.    F.    Kellock   Brown.      (45)      Sept.    15. 
Changing  Elevation  of  Underground  Duct  Lines.*      F.  L.  Rohrbach.      (27)      Sept.  15. 
Meters  Cut  Wa.'-te  in  Metropolitan  Water  District.    Samuel  E.  Killam.    (13)    Sept.  20. 
Rapid  Sand  Filtration  Holds  World  Record.      George  A.  .Johnson.      (13)      Sept.  20. 
Extension  of  St.  Lawrence  River  Power  Development  Under  Way.*      (13)      Sept.  20. 
Note  sur  les  Barrages  et  les  Digues  a  Profil   Triangulaire.*      Pigeaud.      (43)      May. 
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Sept.   15. 
Die  neue  Boquilla-Talsperre  in   Mexico.*      Emil   Bronimann.      (107)      Sept.  22. 

Waterways. 

Lancashire  and  Yorkshire  Railway  Shipping   Shed  at  Goole.*      (11)      July  20. 
Sand  and  Gravel  Digger  Designed  and  Built  for  Ohio  River.*      A.  W.  Kreamer.      (13) 
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Syracuse  Canal  Terminal  Built  Over  Old  Salt  Works.      (13)      Sept.  20. 
Stone-Shipping  Dock  is  Patterned  After  Ore-Bin  Type.      (13)      Sept.  20. 
Construction  Costs  of  Various  Types  of  Freight  Handling  Wharves.      (86)      Sept.  26. 
Note  sur  une  Fondation  en  Beton  Arme  pour  Murette  de  Defense  de  Rives.*      Rezeau. 
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Murs  de  Quais  Improvises  en  Traverses.*      (33)      Sept.  1. 
Les  Ports  Frangais  et  la  Guerre;  Ports  Secondaires  et  Complfementaires.*     Auguste 
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Powers  of  the  Executive  Com- 
mittee. 314;  Resolution  by, 
Relative  to  Report  of  Committee 
on  Employment  Bureau,  314; 
Appointment  of  Committee  of. 
To  Expunge  Correspondence  in 
Regard  to  Report  of  Commit- 
tee on  Revision  of  the  Con- 
stitution, 638;  Adoption  by, 
Of  Report  of  Committee  on 
Special  Committees  Relative  to 
Appointment  of  New  Special 
Coinmittees,  639 ;  Approval  by, 
Of  Minutes  of  Meeting  of  Execu- 
tive Committee  of,  639;  Approval 
by.  Of  Report  of  Secretary  Rela- 
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tive  to  Cost  of  PiiiK'liii^  Rooms 
in  New  Society  Headquarters, 
6;J9;  Action  by.  Relative  to  Pub- 
lication of  Correspondence  in  Re- 
gard to  Revision  of  the  Con- 
stitution, 640;  Adoption  by,  Of 
Report  of  Committee  on  Dis- 
posal of  Duplicates  in  Library. 
1)40:  Autliori/.ation  by,  Of  Ap- 
pointment of  Representatives  of 
Society  on  Enjrineerinfr  Council, 
640;  Resolution  by,  Relative  to 
Discharjj^e  of  General  Conference 
Committee  of  the  National  En- 
gineering Societies,  640;  Reso- 
lution by.  Relative  to  Appoint- 
ment of  Secretary  by  Represen- 
tatives of  Society  on  Engineering 
Council,  640;  Report  to,  Relative 
to  Replies  Received  Regarding 
Resolution  of,  on  Universal  ^lili- 
tary  Training,  640;  Report  to, 
Relative  to  Appointment  of 
Re])resentatives  of  Society  on 
f'ngineering  Societies  Section  of 
Committee  on  Science  and  Re- 
search of  Advisory  Commission, 
Council  of  National  Defense,  640; 
Authorization  by,  Of  Appoint- 
ment of  Special  Committee  to 
Rec(jmmend  the  Award  of  Prizes, 
640;  Apjjointment  by,  Of  Com- 
mittee to  Prepare  Minute  on  the 
Death  of  James  Forrest,  640; 
Resolution  of.  Relative  to  1917 
Annual  Address  of  President, 
641;  Resolution  by.  Relative  to 
Enlargement  of  Joint  Commit- 
tee on  the  Adoption  of  the  Metric 
System,  641;  Resignation  of  F. 
G.  Jonah  as  a  Member  of,  Ac- 
cepted, 642;  Appointment  of 
John  W.  Alvord  as  a  IMember  of, 
642;  Ai)propriation  by,  'ioward 
Erection  of  Memorial  to  the  Late 
John  Ericsson,  642;  Adoption  by, 
Of  Report  of  Publication  Com- 
mittee on  Use  of  Metric  Equiva- 
lents in  Society  Publications, 
642;  Resolution  by.  Relative  to 
Co-operation  with  Council  of 
National  Defense  in  Considera- 
tion of  Engineering  Education, 
642;  Resolution  by.  Relative  to 
Establishment  of  Closer  Rela- 
tions  with    Canadian    Society    of 


Civil  Engineers,  642;  Adoption 
by.  Of  Minute  on  Death  of  James 
Forrest,  643;  Action  by.  Of  Re- 
port of  Secretary  on  Society's 
New  Headquarters,  644,  667; 
Action  by.  Relative  to  Invitation 
from  American  Society  of  Me- 
chanical Engineers  to  Appoint 
Representatives  to  Assist  in 
Framing  Code  for  Testing  of 
Water  Wheels,  644;  Report  to. 
Of  Appointment  of  Representa- 
tives on  the  Engineering  Council, 
644;  Action  by.  Relative  to 
Statement  in  Regard  to  Civil 
Engineers  for  War  Service,  644, 
665 ;  Report  to.  Of  Appointment 
of  Committee  to  Recommend  tlie 
Award  of  Prizes,  645;  State- 
ment to.  Relative  to  Cablegram 
from  Central  Board,  Engineers 
Ways  of  Communication  of 
Russia,  645;  Authorization  bj'. 
Of  Committee  to  Canvass  Pre- 
liminary Suggestions  for  IVIem- 
bers  of  Nominating  Committee, 
etc.,  645;  Date  of  Meeting  Fixed, 
645 ;  Appointment  hj.  Of  Repre- 
sentative of  Society  on  John 
Fritz  Medal  Board  of  Award, 
645;  Action  by.  Relative  to 
Progress  Report  of  Alfred 
Noble  Memorial  Committee,  645; 
Action  by,  Relative  to  Estab- 
lishment of  Roll  of  Honor  of 
Members  in  U.  S.  Military 
Service,  645;  Report  to,  Of  Com- 
mittee Appointed  to  Expunge 
Correspondence  in  Regard  to  Re- 
port of  Committee  on  Revision 
of  the  Constitution,  646;  Action 
by.  Relative  to  Publication  of 
Letters  in  Regard  to  Proposed 
Revised  Constitution,  647;  Reso- 
lutions Adopted  by  Executive 
Committee  of.  Relative  to  War 
Revenue  Act,  672;  Resolutions 
Adopted  by  Executive  Commit- 
tee of.  Relative  to  Drafting  or 
Enlistment  of  Engineering  Stu- 
dents for  War  Service,  759. 

BoARDMAN,    Charles    S. — Discussion 
by,    199. 

BoGAUT,  JoHX. — Address  by,   754. 

BoGERT,    John     Ralph.— ^Elected    an 
Associate  Member,  396. 


VIII 

BOHLKEX.  BPvES. 

BoHLKEN,    James    DeWitt. — Elected  Bres.    Edward    Sedi.fy. — Elected    an 

a  Junior,  397.  Associate   Member.   755. 

Bolton,      Frank      Leonard. — Trans-  Breyafann.     John     Berxard,     Jr. — 

ferred     to     Grade     of     Associate  Elected   a  Junior.   397. 

Member,   398.  Bricklin,   Simon.— Elected  a  Junior, 

Bonner,  John  Pollock. — Elected  an  397. 

Associate  Member,  71.  Briggs,  Robert  Wesley. — Elected  an 

Bontecou,       Daniel. — On       Commit-  Associate  Member,   400. 

tee    to    Report    on    Proper    Rela-  Briggs,    W.    C. — Discussion   by,    2. 

tions    of    Local    Associations    to  Bright,   Joseph   Shirley.   —   Trans- 
Society,    etc.,    75.  ferred  to  Grade  of  Member,  72. 
BooRMAN,      Kitchell     Monckton.—  Broadhurst,    W.    H. — Discussion   by. 

Elected     an     Associate     Member.  70. 

634.  Broker,      Albert      Edward. — Trans- 

Bornefeld,  Charles  Fowler. — Tran-  ferred  to  Grade  of  Associate  Mem- 

ferred     to     Grade     of     Associate  ber,  758. 

Member,  72.  Brown,   Charles   Franklin. — Trans- 

BoTHUsr,    George    Gilbert. — Elected  ferred  to  Grade  of  Member,  401. 

a  Junior,  71.  Brown,       Horace       Trowbridge.  — 

Boucher,    W.    J. — ^Discussion    by,    1,  Elected     an     Associate     Member, 

395;    Address   by,   754.  634. 

BowE,  Thomas  Francis. — Elected  an  Brown,     Horatio     Whittemore.   — 

Associate    Member,    755.  Elected   a   Junior,   309. 

BowEN,  Robert  Lawton. — Elected  an  Brown.  John  Griffiths. — Death  an- 

Associate  Member,  400.  nounced,  758. 

Bowie.  Alfred  William. — Elected  a  Brown,    John    Henry,    Jr. — Elected 

Member,    399.  an  Associate  Member,  400. 

Bowie,    William. — Elected    a    Mem-  Brown,     Marshall     W. — Discussion 

ber,    246.  by,    2. 

Bowman,    Daniel    Wheeler. — Death  Brown,    William    Edward. — Elected 

announced,  249.  an   Associate   Member,   755. 

Bowne,     Sidney     Breese.  —  Trans-  Bryan,   George,  Jr. — Transferred   to 

ferred     to     Grade     of     Associate  Grade  of  Associate  Member,  758. 

Member,    636.  Bucher,    Harold    Follmer. — Elected 

Boyd,     Robert     Platt. — Elected     an  a  Junior,  635. 

Associate  Member,   400.  Bltck,   Fred. — Elected   a  Member,   70. 

Boyd,   Robert   W. — Appointed   Teller  Buck,  H.  R. — Resolution  by,  68,  103. 

to  Canvass  Ballot  for  Officers,  65,  Buck,    R.    S. — On    Nominating    Com- 

78.  mittee,   66,   80. 

Boynton,    Herbert    Leslie. — Elected  Buehler,     Walter. — Discussion     by, 

an  Associate  Member,  755.  69,  70. 

Bragonier,  Arthur  Taylor. — Elected  Buford,     Charles     Homer. — Elected 

a  Junior,  397.  an   Associate  Member,  400. 

Branch,    Lester    Van    Noy. — Trans-  Bulkeley,    Oscar    Ernest. — Elected 

ferred  to  Grade  of  INIember,  582.  an  Associate  Member,  634. 

Braune,    Gustave   Maurice. — Trans-  Burger,  Alfred  Andrew. — Elected  a 

ferred  to  Grade  of  Member,  398,  Junior,  400. 

Braunworth,  Percy  Lewis. — Trans-  Burks,     Peter     DeMarcus,     Jr.  — 

ferred  to  Grade  of  Member,  401.  Elected  a  Junior,  582. 

Breed,     Charles     Warren. — Elected  Burky,    Charles    Rogy. — -Elected    a 

an  Associate  Member,  580.  Member,  396. 

Breed,  H.  S. — Discussion  by,  69.  Burxette,   George   Harley. — Elected 

Bretthaupt,    W.    H. — Discussion    by,  an  Associate  Member,  247. 

754.  Burpee,     George     William. — Trans- 

Brennan,       Joseph       Lawrence.  —  ferred  to  Grade  of  Member,  248. 

Transferred    to    Grade    of    Asso-  Burr.     William     H. — Appointed     to 

ciate  Member,  248.  Represent   Society  at  Joint  Con- 
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foroiicc  on  Anioiican  Engineering; 

Standards.  74. 
r.ti!UA(;K.     John     Otis. — Tran.sferred 

to  Grade  of  Member,  72. 
r.riiT.    H.    J.   —   On     Committee     to 

Itcciiinincnd  tlie  Award  of  Prizes, 

til."). 
I'Lsii.    Lee    Mar-siiai.t.. — Elected    an 

Associate    iMeinher.    755. 
liL'Sii,  Ei.xcoLN. — Resigns  as  Member 

of    Committee    on    Special    Com- 
mittees. 129. 
I'.LTi.ER,   Aktiiur   (tR.vy. — Transferred 

to    Grade    of    Associate    Member, 

636. 
I'.ni.ER.     Francis    Marion. — Elected 

a  :\rember,  6.34. 
IUtler.    William    Parker. — Elected 

an  Associate  ^lembor,  755. 
lUxTON,     pj)\viN     Walker. — Elected 

an   Associate   ^fember.   247. 


Caffall.  Geoffrey  Autiiur. — Trans- 
ferred to  Grade  of  Associate 
Member,  583. 

Cahill,  John  Ricuard. — Transferred 
to  Grade  of  Member.  401. 

California,  Licensing  of  Architects 
in. — Letter  from,  and  Resolution 
by,  San  Diego  Association  Rela- 
tive to  Proposed  Bill  for.  31.']. 
341;  Text  of  Proposed  Bill  for, 
334. 

Camprell.  Paul  Caldwell. — Trans- 
ferred to  Grade  of  Associate 
Member,   310. 

(   AMPISELL.         ThOMA.S  FraNCLS.    — 

Elected  an  Associate  Member, 
755. 

Canadian  Society  of  Civil  Engineers. 
— Rosolntion  of  Board  of  Direc- 
tion Relative  to  Establishment 
of  Closer  Relations  with,  G42. 

•  anfield,  George  Hathaw.w.  — 
Elected  an  Associate  Member, 
396. 

Cannon.  Stlve.ster  Quavle.  — 
Elected  a  Member,  70. 

Cappelen.  F.  W. — On  Committee  of 
Arrangements  for  Annual  Con- 
vention.   252. 

Carlson,  Paul  Nels. — Elected  an 
Associate  Member,   634. 

Carxelli,  Charles  Michael.  — 
Elected  a  Junior,  401. 


Carpentei!.      Harry      KEintAuoir.   — 

Elected  an  Associate  Member,  71. 
Carrington,  Henry. — Elected  an  As- 
sociate Member,  247. 
Carson.     Harry     Y. — Discussion    by, 

307. 
Carson,     ]\[erwin     Bishop. — Elected 

an  Associate  Member,   634. 
Carson,       William       Franklin.  — 

Elected     an     Associate     Member, 

247. 
Cahstarphen.     Frederick     Charles. 

— Paper  by,   310;    Discussion  by, 

310;     Transferred    to    Grade    of 

Member.  398. 
Carter,    Hugh    Ruben. — Elected    an 

Associate   Member,   247. 
Casey,  Isaac  Jacques,  Jr. — Elected 

an  Associate  Member,  400. 
Cato.n,  John  Hirst,  3d. — Elected  an 

Associate  Member,  400. 
"Cement  Joints  for  Cast-iron   Water 

Mains,"  presented  and  discussed, 

307. 
Chamberlain.   Joseph   Jenks,  Jr. — 

Transferred    to    Grade    of    Asso- 
ciate Member,  248. 
Chamberlin,     Charles     Grover.  — 

Elected     an     Associate     Member, 

634. 
Chamberlin,       Earl       William.  — 

Elected     an     Associate     Member, 

396. 
Chambers,  Cloyde  Cleaver.^ — Elected 

an  Associate  Member,   247. 
Chapin,    Charles    Walter. — Elected 

an  Associate  Member,  400. 
Chappell,    Frank    Wilson. — Elected 

an  Associate  Member.  755. 
Chase,     Guy     Herbert. — ^Elected     a 

Member,  246. 
Cherrington.   F.   W. — Discussion  bv, 

70. 
Cherry.    Alan    Gordon. — Elected    a 

Junior,  582. 
Chesley,    Justi's    Gilbert. — Elected 

a  Junior,  582. 
Chipley,  Dudley. — Elected  an  Asso- 
ciate Member,  580. 
Chittenden,   Hiram  Martin. — Paper 

by,  G.'>3;    Death  announced,  637. 
Christhilf.       Francis       Dorsey.  — 

Elected     an     Associate     Member, 

400. 
Christie.  Chester  de  Baun. — Elected 

a  Member.  580. 


CHURCH. 


COHEN". 


Church,  S.  R. — Discussion  by,  70. 

Churchill,  Percival  M. — Resolution 
by,  68,  105. 

Churchill,  Robert  Carr.- — Elected 
an  Associate  Member,  755. 

"Cinder  Concrete  Floor  Construction 
Between  Steel  Beams,"  Awarded 
the  Collingwood  Prize,  66,  79. 

Civil  Engineers  for  War  Service. — 
Statement  Relative  to,  644,  665. 

Civil  Engineers,  Special  Committee 
to  Investigate  the  Conditions  of 
Employment  of,  and  Compensa- 
tion of. — Final  Report  of,  67, 
91;  Discharge  of,  67,  97;  Dis- 
cussion of  Final  Report  of,  92 ; 
Report  of  Committee  on  Special 
Committees  on  Work  of,  and 
Appropriation  for,  126. 

Clancy,  Robert  Duffus. — Elected  a 
Junior,  582. 

C]-APP,  Otis  F. — On  Finance  Com- 
mittee. 76;  Death  announced, 
310,   311. 

Clark,  James  Hopkins. — Elected  an 
Associate    Member,    755. 

Clark,  Roy  Ross. — Elected  an  Asso- 
ciate Member,  308. 

Claussen,  Oscar.- — On  Committee  of 
Arrangements  for  Annual  Con- 
vention, 252. 

Clayson,  George  Phelps. — Elected 
an  Associate  Member,   400. 

Cleveland,  Malcolm  Colburn.  — 
Elected  a  Member,  399. 

Cleveland  Association. — Abstract  of 
Minutes  of  Meetings  of,  144,  203, 
535;  Discussion  by  Members  of. 
On  Relations  of  Local  Associa- 
tions to  the  Society,  etc.,  585 ; 
Presentation  to,  Of  Duplicates 
in  Society  Library,  640. 

Clifford,  Walter  Woodbridge.  — 
Transferred  to  Grade  of  Asso- 
ciate Member,  72. 

Cline,  McGarvey. — Elected  a  Mem- 
ber, 70, 

Clinton,  Delmar  Smith. — Elected  an 
Associate   Member,   71. 

Clogher,  Alexander  Clarke.  — 
Elected  a  Member,  754. 

CoALE,  H,  D. — Discussion  by,  395. 

Cobltrn,  H.  L.— Discussion  by,  246. 

Code  for  Testing  of  Water  Wheels. — 
Letter  from  American  Society  of 
Mechanical  Engineers  Relative  to 


Appointment  of  Representatives 
to  Assist  in  Framing  of,  644. 

Cohen,  Jacob  Xenab. — Transferred 
to  Grade  of  Associate  IMember, 
310. 

Colby,  Elmek  Ellsworth. — Death 
announced,  637. 

Cole,  Clinton  Llewellyn. — Trans- 
ferred to  Grade  of  Member,  757. 

Coleman,  Eugene  Hunter. — Trans- 
ferred to  Grade  of  Associate 
Member,   248. 

Coleman,  John  F. — On  Publication 
Committee,  76;  Nominated  as 
Vice-President,  603 ;  Discussion 
by,  637. 

CoLGAN,  Robert  Joseph. — Trans- 
ferred to  Grade  of  Associate 
Member,  72. 

CoLHOUN,  Daniel  Warwick.  — 
Elected  a  Junior,  401. 

Collingwood  Prize. — Award  of,  66,  79. 

Collins,  Charles  Dickey. — Elected 
a  Member,  70. 

Collins,  Earl  Harry. — Elected  a 
Junior,   71. 

Colorado  Association. — Abstract  of 
Minutes  of  Meeting  of,  7,  143, 
202,  256,  347,  422,  006;  State- 
ment Relative  to  Technical  and 
Non-Technical  Committees  of, 
136;  Discussion  by  Members  of, 
On  Relations  of  Local  Associa- 
tions to  the  Society,  etc.,  590. 

Committee  of  Arrangements  for 
Annual  Convention.  —  Appoint- 
ment of,   252. 

Committee  of  Arrangements  for  An- 
nual Meeting. — Appointment  of, 
761. 

Committee  of  Board  of  Direction  on 
Relations  of  Local  Associations 
to  the  Society,  etc. — Appoint- 
ment of  Authorized,  75;  Ap- 
pointment of,  75;  Report  of,  312, 
327 ;  Discussion  on  Report  of, 
584. 

Committee  of  Board  of  Direction  to 
Expunge  Correspondence  in  Re- 
gard to  Report  of  Committee  on 
Revision  of  Constitution. — Ap- 
pointment of,  638;  Report  of, 
646. 

Committee  of  Board  of  Direction  to 
Prepare  Minute  on  the  Death  of 
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James  Forrest.  —  Appointment 
of,  640;   Report  of,  64.3. 

Cunimittee  on  A  National  Water 
Law. — Profiress  Report  of,  86 : 
Report  of  Committee  on  Sjx'cial 
Conimitteos  on  \\'ork  of,  and  Ap- 
])ropriation  for,  127;  Change  of 
Name  of.  Suggested  and  Adopted. 
73.  127. 

Committee  on  Alfred  Noble  Memorial. 
—Statement  of  Work  of,  70,  1,37; 
Progress  Report  of,  312,  64.5. 
648:  Appointment  of  Member  of. 
31.3. 

Committee  on  Concrete  and  Rein- 
forced Concrete. — Final  Report 
of.  67,  86;  Discharge  of,  67.  Si); 
Discussion  Relative  to  Appoint- 
ment of  New,  90;  Report  of  Com- 
niittee  on  Special  Committees  on 
Work  of,  and  Appropriation  for. 
124;  Report  of  Committee  on 
Special  Committees  Relative  to 
Appointment    of    New,    404,    638. 

Committee  on  Employment  Bureau. — 
Resolution  Relative  to  Appoint- 
ment of.  68.  105;  Report  of.  314. 
330;  Members  of,  314;  Discharge 
of.  314;  Resolution  (vf  Board 
of  Direction  Relative  to  Report 
of.  314. 

Committee  on  Engineering  Educa- 
tion.— Progress  Report  of.  66. 
80;  Report  of  Committee  on 
Special  Committees  on  Work  of. 
12.1. 

Committee  on  Finance. — Appoint- 
ment of.  76. 

Committee  on  Floods  and  Flood  Pre- 
vention.— Discharge  of,  67.  102: 
Report  of  Committee  on  Special 
Committees  Relative  to  Dis- 
charge of,  127. 

Committee  on  Library. — Appoint- 
ment of.  76;  New  Chairman  Ap- 
pointed, 312;  Report  of.  642,  671. 

Committee  on  Materials  for  Road 
Construction. — Progress  Report 
of.  67,  84;  Minutes  of  Special 
Meetings  for  Discussion  of  Re- 
port of.  60;  Discussion  of  Report 
of.  60.  70;  Report  of  Committee 
on  Sj)ecial  Conunittees  on  Work 
of.  and  Api'iopriation  for,  125; 
^finutes  of  Meetings  of.  207.  431. 
609.  688,  680. 


Committee  on  Nominations.— Report 
of  Tellers  Appointed  to  Canvass 
Suggestions  for,  66,  79:  Presents 
List  of  Nominees,  603;  Report  of, 
642;  Appointment  of  Committee 
of  Board  of  Direction  to  Can- 
vass Preliminary  Suggestions  for 
Members  of.  Authorized,  645; 
Dates  Fixed  for  Mailing  Forms 
for,  and  Canvassing  of.  Final 
Suggestions  for  Members  of, 
645. 

Committee  on  Personnel  of  Engineer- 
ing Council. — Statement  of  Work 
of,  Relative  to  Civil  Engineer 
Specialists  for  War  Service,  644, 
665. 

Committee  on  Publications. — Ap- 
pointment of,  76;  Report  of.  On 
ITse  of  Metric  Equivalents  in 
Society  Publications.  642. 

Committee  on  Regulation  of  Water 
Rights.  See  Committee  on  A 
National  Water  Law. 

Committee  on  Revision  of  the  Con- 
stitution.— Report  of,  311,  315; 
Discharge  of,  311;  Resolutions 
of  Board  of  Direction  Relative 
to  Correspondence  in  Regard  to 
Report  of,  311,  638;  Appointment 
of  Committee  of  Board  of  Direc- 
tion to  Expunge  Correspondence 
in  Regard  to  Report  of,  638; 
Letter  Relative  to  Publication  of 
Correspondence  in  Regard  to 
Report  of,  640;  Report  of  Com- 
mittee of  Board  of  Direction  Ap- 
pointed to  Expunge  Correspond- 
ence in  Regard  to  Report  of, 
646. 

Committee  on  Special  C^ommittees. — 
Report  of.  73.  124.  404,  6.38;  Ap- 
pointment of,  76;  Tetter  from 
Clemens  Herschel   to,   129. 

Committee  on  Steel  Columns  and 
Struts. — Progress  Report  of.  67, 
86;  Report  of  Committee  on 
Special  Committees  on  Work  of, 
and  Appropriation  for,  125; 
Minutes  of  greetings  of.  150, 
4.32,  680;  Resignation  of  Mem- 
ber of.  Accepted.  313;  Appropria- 
tion for  Work  of.  639. 

Committee  on  Stresses  in  Railroad 
Track. — Progress  Report  of,  67. 
100:     Report    of    Committee    on 
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Special  Committees  on  Work  of, 
127;  Minutes  of  Meetings  of, 
260,  689;  Resignation  of  Mem- 
ber of,  Accepted,  313. 

Committee  on  Valuation  of  Public 
[Utilities.— Final  Report  of,  67, 
97 ;  Discvission  Relative  to  Dis- 
charge of,  67,  98;  Report  of 
Committee  on  Special  Commit- 
tees on  Work  of,  and  Appropria- 
tion   for,    126. 

Committee  to  Codify  Present  Prac- 
tice on  the  Bearing  Value  of  Soils 
for  Foundations. — Progress  Re- 
port of,  67,  99 ;  Report  of  Com- 
mittee on  Special  Committees  on 
Work  of,  and  Appropriation  for, 
126;  Minutes  of  Meetings  of,  429. 

Committee  to  Communicate  with 
State  Department  Relative  to 
Indemnity  for  Death  of  Stanley 
Alfred  Miller. — Appointment  Au- 
thorized,  530. 

Committee  to  Investigate  and  Report 
on  the  Opportunities  for  Amer- 
ican Engineers  in  Russia  and 
South  America.  —  Appointment 
of,  Referred  to  Board  of  Direc- 
tion, 68,  103;  Report  of  Com- 
mittee on  Special  Committees 
Relative  to  Appointment  of,  405, 
639. 

Committee  to  Investigate  the  Condi- 
tions of  Employment  of,  and 
Compensation  of,  Civil  Engi- 
neers.— Final  Report  of;  67,  91; 
Discharge  of,  67,  97;  Discussion 
of  Final  Report  of,  92 ;  Report 
of  Committee  on  Special  Com- 
mittees on  Work  of,  and  Appro- 
priation for,  126. 

Committee  to  Recommend  the  Award 
of  Prizes. — Report  of,  66,  74,  79 ; 
Appointment  of,  Authorized,  640 ; 
Appointment  of,  645. 

Committees  of  tlie  Society.  See  also 
Joint  Committees. 

Committees.  Special.  —  Report  of 
Committee  on,  73,  124,  404,  638; 
Appointment  of  Committee  on, 
76;  Letter  from  Clemens  Herschel 
to  Committee  on,  129;  Minutes 
of  Meetings  of,  150,  207,  260, 
429,  609,  688,  689. 

CoNANT.  Elbridge  Robbxns. — Elected 
a  Member.  246. 


Concrete  and  Reinforced  Concrete, 
Special  Committee  on. — Final 
Report  of.  67,  86;  Discharge  of, 
67,  89 ;  Discussion  Relative  to 
Appointment  of  New,  90 ;  Re- 
port of  Committee  on  Special 
Committees  on  Work  of,  and  Ap- 
propriation for,  124;  Report 
of  Committee  on  Special  Com- 
mittees Relative  to  Appointment 
of  New,  404,  638. 

Conference  on  Engineering  Co-Oper- 
ation. — Report  of  Delegates  to, 
313. 

CoNGDON,  Howard  Wilbur. — Elected 
an  Associate  Member,  308. 

CoNNELL,  William  Henry. — -Discus- 
sion bv,  69,  70 ;  Transferred  to 
Grade  of  Member,  582. 

Constitution. — Report  of  Committee 
on  Revision  of  the,  311,  315; 
Resolutions  of  Board  of  Direc- 
tion Relative  to  Correspondence 
in  Regard  to  Revision  of,  311, 
638 ;  Statements  Relative  to  Pro- 
posed Revision  of,  407,  638; 
Appointment  of  Committee  of 
Board  of  Direction  to  Expunge 
Correspondence  in  Regard  to 
Report  of  Committee  on  Revision 
of,  638;  Letter  Relative  to  Pub- 
lication of  Correspondence  in  Re- 
gard to  Report  of  Committee  on 
Revision  of,  640;  Report  of  Com- 
mittee of  Board  of  Direction  Ap- 
pointed to  Expunge  Correspond- 
ence in  Regard  to  Report  of 
Committee  on  Revision  of, 
646;  Letters  in  Regard  to  Pro- 
posed Revised,  647;  Action  by 
Board  of  Direction  Relative  to 
Publication  of  Letters  in  Re- 
gard to  Proposed  Revised,  647 ; 
Resolution  Relative  to  Proposed 
Revised,  647. 

"Construction  Methods  for  Rogers 
Pass  Tunnel,"  presented  and  dis- 
cussed, 70. 

C'ontingent  Fees.  —  Correspondence 
Relative  to  Acceptance  of,  313, 
332,   405. 

Converse,  Joseph  Brandly.  — 
Elected  an  Associate  Member, 
396. 

Conway,  John  S. — On  Nominating 
Committee,  66,  80. 
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COOKSEY. 


CROWLEY. 


CooKSEY.  RoRERT  INTavin. — Trans- 
ferred to  Grade  of  Member,  636. 

CooLEY,  Lyman  Edgar. — Death  an- 
nounced,  197. 

CoorKR.  Clarence  Winston. — Trans- 
ferred to  Grade  of  Associate 
]\[emher.  248. 

Cooper.  Hlgii  L. — On  Comniittee  on 
Alfred    Noble   Memorial,    313. 

Cope.  P^ri.e  Long. — Transferred  to 
Grade  of  Member,  757. 

CoRKRAN.  Wilbur  Sherman.  — 
Elected  an  Associate  Member, 
247. 

CoRTKiGiiT.  Edwin  Keen.  —  Trans- 
ferred to  Grade  of  Member.  401. 

CoTTiNGHAM,  George,  Jr. — Elected 
an  Associate   Member,   755. 

Cotton,  William  Owen. — Trans- 
ferred to  Grade  of  As.sociate 
Member,  310. 

Covrtenay.  William  Henry.  — 
Elected  an  Associate  Member, 
400. 

Cox,  Joel  Bean. — Elected  a  Junior, 
248. 

Cragin,  Charles  Calhoun.- — Elected 
a  Member,  580. 

Crandall,  Charles  Lee. — Death  an- 
nounced, 530. 

Crane,  Alp.ert  Eli. — Elected  an  As- 
sociate  Member.   247. 

Craven.  Alfred. — On  Finance  Com- 
mittee. 76. 

Crawford.  High  William. — Elected 
an   Associate   IMember,   634. 

Creager,  William  P.  —  Discussion 
by,  246;  Presents  Paper,  307: 
Resolution  of  Thanks  Extended 
to.  For  Presentation  of  Paper, 
308. 

C  R  E  s  s  o  N,  B.  F.,  Jr. — Appointed 
Teller  to  Canvass  Ballot  for 
Officers,   65,   78. 

Cre.sson.  James. — Elected  an  Asso- 
ciate  Member,  400. 

CROf'KKR.  II.  8. — On  Committee  on 
Employment   Bureau,   314. 

Croes   ]Med'al.— Award   of,   66,   79. 

Croi.l,  Herhert  Greiss. — Transferred 
to  Grade  of  Associate  Member, 
583. 

Cromwell,  George. — Transferred  to 
Grade  of  Member.  401. 

Crosby,  Lotiirop. — Elected  an  Asso- 
ciate Member,   580. 


Crowley,  John  Adam. — Elected  an 
Associate  Member,  755. 

CuDEDKC,  Albert  Bennett. — Elected 
a    Member,    396. 

CuDWORTH,  F.  E. — Discussion  by,  199. 

CuLPEPER,  Horace. — Elected  an  As- 
sociate Member,   634. 

CuMMiNGS.  Noah. — Appointed  Teller 
to  Canvass  Ballot  for  Officers,  65, 
78. 

CuMMiNGS,  Robert  A.  —  Presents 
Pinpiess  Report  of  Special  Com- 
mittee to  Codify  Present  Prac- 
tice on  the  Bearing  Value  of 
Soils  for   Foundations,   67,  99. 

CuMMiNGs,  Robert  Augustus,  Jr. — 
Elected  a  Junior,  582. 

CvNLiFF,  Nelson. — Elected  an  Asso- 
ciate  Member,   580. 

Cr.N.NiNGiiA.M,  Andrew  Chase.  — 
Death  announced,  73. 

Cunningham,  John  George  Law- 
rence.— Transferred  to  Grade  of 
Member,  309. 

Curd,  William  Cantrill. — Elected 
a  Member,  309. 

Current  Engineering  Literature,  34, 
162,  221,  279,  368,  487,  555,  631, 
737,  818. 

CuRTiss,  Charles  Dwight. — Elected 
a  Junior,  582. 

Cutler.  Daniel  Boyden. — Elected  an 
Associate  Member,  396. 

Cykler,  Emil  Frank. — Transferred 
to  Grade  of  Associate  Member, 
248. 

Daily,  Cornelius  Mark. — Elected  a 
Member,  580. 

D.VKiN,  Robert  Edward.  —  Trans- 
ferred to  Grade  of  Associate 
]\fember,   72. 

Danforth,  George  Clapp. — Elected 
an  Associate  Member,   755. 

Danforth.  Richard  Stevens.  — 
Elected  an  Associate  Member,  71. 

Darling,  W.  L. — Elected  a  Director, 
69,  111;  On  Committee  on 
Special  Committees,  76;  On 
Committee  of  Arrangements  for 
Annual   Convention,   252. 

Davies,  John  Percival.  —  Trans- 
ferred  to  Grade  of  Member,  398. 

Davies,  John  Vipond. — Discussion 
by,  70:  On  Library  Committee, 
76;     On    Committee    on    Special 
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DAVIS. 


DIXON. 


Committees,  76;  On  Engineering 
Societies  Section  of  Committee 
on  Science  and  Researcli  of  Ad- 
visoj-y  Commission  Council  of 
National  Defense,  640;  On  Com- 
mittee to  Prepare  Miniite  on 
Death  of  James  Forrest,  640. 

Davis,  Arthur  P. — Elected  a  Di- 
rector, 69,   111.  ' 

Davis,  Harold. — Death  announced, 
311. 

Davis,  Joseph  Phineas. — Death  an- 
nounced, 310. 

Davis,  Wilbur  Ward. — Elected  a 
Member,  754. 

Day,  W.  E. — Discussion  by,  2. 

DE  LA  Barre,  William. — On  Com- 
mittee of  Arrangements  for  An- 
nual  Convention,  252. 

Delson,   I. — Discussion   by,   753. 

DE  Mahy,  Stephen  Greville.  — 
Elected  a  Junior,  757. 

DE  Mey,  Edwako  Jean  Bernard. — 
Transferred  to  Grade  of  Asso- 
ciate Member,  398. 

Deniiam,  Donald  Power. — Elected  a 
Junior,  309. 

Dennis,  A.  C. — Paper  by,  70. 

Desmond,  Thomas  C. — Resolution 
by,    198. 

"Detention  Reservoirs  with  Spillway 
Outlets  as  an  Agency  in  Flood 
Control,"  presented  and  dis- 
cussed, 633. 

Dewell,  Henry  Dikvendorf. — Trans- 
ferred to  Grade  of  Member,  401. 

DeWitt,  Brinton  Brown. — Elected 
an  Associate  Member,  580. 

Deyo,  S.  L.  F. — -On  General  Confer- 
ence Committee  of  the  National 
Engineering  Societies,  640. 

Diaz  Quinones.  Marino. — Elected 
an  Associate  Member,   755. 

DiCKERsoN,  Walter  Edward.  — 
Elected  an  Associate  Member, 
755. 

Dickinson,  William  Dewoody.  — 
Transferred  to  Grade  of  Mem- 
ber.   401. 

District  of  Columbia  Association. — 
Abstract  of  Minutes  of  Meetings 
of,  203 ;  Letter  from  Secretary 
of,  Relative  to  Publication  of 
Correspondence  in  Regard  to  Re- 
port of  Committee, on  Revision 
of  the  Constitution,  640. 


Di.xoN,  George  Gale. — Transferred 
to   Grade   of   Member,   72. 

DoDDS,  David  ]Metheny.  —  Trans- 
ferred to  Grade  of  Associate 
Member,  248. 

Dodge,  Bert  E. — Elected  an  Asso- 
ciate Member,   634. 

Dodge,  Waldo  Edgar. — Elected  an 
Associate   Member,   247. 

DoELEMAN,  Herman  Francois.  — 
Transferred  to  Grade  of  Mem- 
ber, 582. 

Donnelly,  Albert  Lee. — Elected  an 
Associate  Member,  71. 

Dougherty,  R.  E. — Discussion  by,  70. 

Douglas,  Walter  J. — Discussion  by, 
307;    Presents    Paper,    583. 

Douthett,  Claude  Lacy. — Elected 
an  Associate  Member,  634. 

Downs,    W.    S. — Discussion    by,    246. 

Draftsmen,  Mechanical. — Request  of 
U.  S.  Ordnance  Department  for, 
632. 

Draper,  Lott  Davis. — Elected  an 
Associate  Member,   396. 

Dresser,  George  Lucas. — Elected  an 
Associate   Member,   634. 

Drinkwater,  Ernest. — Elected  an 
Associate  "Member,  580. 

Drummond,  William  Worrell. — 
Elected  a  Member.   580. 

Drury.  Edmund  Hazen. — Death  an- 
noiuiced,    310. 

Drury,  William  Fisher.- — Trans- 
ferred to  Grade  of  Associate 
Member.  758. 

Dues,  Remittance  of. — Resolution  of 
Executive  Committee  of  Board  of 
Direction  Relative  to.  Of  Mem- 
bers during  Militarv  Service, 
639,   673. 

Dulutli  Association.  —  Constitution 
Approved,  313;  Abstract  of 
Minutes  of  Meetings  of,  684, 
764. 

Du  Moulin,  Walter  Louis. — Trans- 
ferred to  Grade  of  Member,  636. 

Duncan,  Malcolm.  —  Elected  a 
Junior,  757. 

Dunlap,  Arthur  Hoyt. — Elected  an 
Associate    Member,    396. 

Dunlap,  John  Hoffman. — Elected 
an  Associate  Member,  308. 

Dunn,  Beverly  Charles.— Elected 
an   Associate  Member.   71. 
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DrpuY. 


KXnTNEERTNO. 


DrriY.  X'uToii  Xkwto.v. — Klcctod  an 
Associate   Mcinbor,   71. 

DiKiiA.vf,   TT.   W. — Discussion   by,   70. 

1)1  KiiAM,  KoBKKT  rAUL. — Elected  a 
^rcmber,   754. 

DiRYEA,  Edwin. — Presides  at  Meet- 
ing,  307;    Discussion  by,  .307. 

Dr.sTiiKiMKR,  Clarence  Condon. — 
Elected  a  Junior,  397. 

Easterly.       W  aitku       Stratton.  ■ — 

Elected  a  Junior,  309. 
Eberly,   Virgil   Allen. — 'I'ranaforrod 

to    Grade    of   Associate    Member, 

Eddy.  Harold  Max.sfikld. — Elected 
an  Associate  Member.  634. 

Edgren,  Arthur  H. — Elected  an  As- 
sociate ^Member,   71. 

Eumondstone,  George  Stovall. — 
Elected   a   Member,   75;). 

EinvARD.s.  Gly  Banker. —  Klccted  an 
Associate  Member,  247. 

Edwards,  Latta  Vandekion.  — 
Elected  an  Associate  Member. 
580. 

Ed\vards,  Ram6n  Salas. — Elected  an 
Associate  ^lember,  308. 

Elam.  William  Earle. — Transferred 
to  Grade  of  jNIomber,  401. 

Elgen,  Rily  Ellsworth. — Elected 
an  Associate  ^Member,  t)34. 

Ellls,  John  Kussell. — Elected  an 
Associate  Member,  755. 

Ellis,  Lester  Eisher. — Elected  an 
Associate  Member,  39(5. 

I-'mployment  Bureau,  Committee  on. — 
Resolution  Relative  to  Appoint- 
ment of,  68,  105;  Report  of,  314. 
330;  Members  of,  314;  Discharge 
of,  314;  Resolution  of  Board  of 
Direction  Relative  to  Report  of, 
314. 

Endkott,  ^roRDECAi  T. — Presents  Re- 
port of  Committee  on  Revision 
of  the  Constitution,  311. 

Engineering  Co-Operation.  Conference 
on. — Report  of  Delegates  to,  313. 

Engineering  Council.  —  Amendments 
to  By-Laws  of  U.  E.  S.  Relative 
to  Formation  of,  312,  342:  Reso- 
lutions of  Board  of  Direction 
Relative  to  Representation  of 
U.  E.  S..  etc.,  on.  312;  Appoint- 
nient  of  Representatives  of  So- 
cietv  on.  Authorized.   040;    Reso- 


lution i>f  Board  of  Direction 
Relative  to  A])pointment  of  .Sec- 
retary by  Representatives  of  So- 
ciety on,  640;  Appointment  of 
Representatives  of  Society  on, 
644;  Statement  of  Work  of 'Com- 
mittee on  Personnel  of,  Relative 
to  Civil  Engineer  Specialists  for 
War  Service,  644.   065. 

I'^ngineering  Education. — Resolution 
of  Board  of  Direction  Relative  to 
(  o-o]ieration  with  Council  of 
National  Defense  in  Considera- 
tion  of,   042. 

Engineering  Education,  Special  Com- 
mittee on. — Progress  Report  of, 
66,  80;  Report  of  Committee  on 
Special  Committees  on  Work  of, 
125. 

Engineering  Foundation  Board. — Re- 
port of  Secretary  of,  673. 

l<]ngineoring  Societies  Club  of  Hawaii. 
— Letter  from.   678. 

EngineeVing  Societies,  General  Con- 
ference Committee  of  the  Na- 
tional.^— Appointment  of  Repre- 
sentatives of  Society  on,  75; 
Resolution  of  Board  of  Direction 
Relative  to  Discharge  of  Repre- 
sentatives of  Society  on,  640. 

Engineering  Societies  Section  of  Com- 
mittee on  Science  and  Research 
of  Advisory  Commission,  Coun- 
cil of  National  Defense. — Ap- 
pointment of  Representatives  of 
Society  on,  640. 

Engineering  Standards,  American. — 
Appointment  of  Representatives 
of  Society  at  Joint  Conference 
on,  74;  Report  of  Joint  Conunit- 
tee  on  Organization  of  Commit- 
tee on,  414. 

Engineering  Students.  —  Resolutions 
of  Executive  Committee  Relative 
to  Drafting  or  Enlistment  of, 
for  War  Service,  759. 

lOiigineers,  American,  in  Russia  and 
South  America,  Committee  to  In- 
vestigate and  Report  on  Oppor- 
tunities for. — Appointment  of, 
Referred  to  Board  of  Direction, 
68.  103;  Report  of  Committee  on 
Special  Committees  Relative  to 
Aj)pointment  of.  405,   639. 

Engineers,  Civil,  for  War  Service. — 
Statement  Relative  to,  644,  665. 
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ENGINEERS. 


FAIRMAN. 


Engineers,  Civil,  Special  Committee 
to  Investigate  Conditions  of  Em- 
ployment of,  and  Compensation 
of.— Final  Report  of,  G7,  91; 
Discliarge  of,  67,  97;  Discussion 
of  Final  Report  of,  92;  Report 
of  Committee  on  Special  Com- 
mittees on  Work  of,  and  Appro- 
priation for,   126. 

Engineers,  Licensing  of. — Text  of  Bill 
for  the.  Adopted  by  the  State 
Legislature  of  Florida,  408. 

English,  Hakold  Lewis.  —  Trans- 
ferred to  Grade  of  Associate 
Member,  398. 

Ebicson,  Lambert  Theodore.  — 
Elected  an  Associate  Member, 
396. 

Ericsson,  John. — Appropriation  by 
Board  of  Direction  toward  Erec- 
tion of  Memorial  to,  642. 

EsTES,  Franklin  Edward. — Trans- 
ferred to  Grade  of  Member,  401. 

EuRiCH,  Richard  Henderson.  — 
Transferred  to  Grade  of  Asso- 
ciate Member,  402. 

Evans,  Richard. — Death  announced, 
73. 

Everest,  Charles  Marvin. — Death 
announced,  530. 

Everett,  Chester  McKenzie.  — 
Elected  an  Associate  Member, 
396. 

Evers,  Rudolph. — Elected  an  Asso- 
ciate Member,  396. 

Executive  Committee  of  Board  of 
Direction. — Resolution  Relative 
to  Powers  of,  314;  Minutes  of 
Meeting  of,  639;  Report  of,  On 
Abandonment  of  Minneapolis 
Convention,  639;  Resolution  of. 
Relative  to  Remittance  of  Dues 
of  Members  during  Military  Ser- 
vice, 639,  673 ;  Appropriation  by. 
For  Work  of  Special  Committee 
on  Steel  Columns  and  Struts, 
639 ;  Report  of,  On  Sale  or  Lease 
of  Society  House,  639;  Resolu- 
tions of.  Relative  to  War  Rev- 
enue Act,  672;  Resolutions  of, 
Relative  to  Drafting  or  Enlist- 
ment of  Engineering  Students 
for  War  Service,  759. 

Fairlie,  John  Walter. — Elected  an 
Associate  Member,   580. 


Fairman,  James  RoBERT.^Elected 
an  Associate  Member,  634. 

Faison,  Haywood  Renick. — Elected 
an  Associate  Member,  71. 

Farner,  George  Keithley. — Elected 
an  Associate  Member,  634. 

Farnsworth,  Howard  Richards. — 
Elected  an  Associate  Member, 
308. 

Fassett,  Earle  Walker. — Elected 
an  Associate  Member,   247. 

Fay,  Frederic  H. — Elected  a  Direc- 
tor, 312. 

Fees.     See  Contingent  Fees. 

Feild,  Julian  Clarence. — Trans- 
ferred to  Grade  of  Member,  757. 

Fellows,  Perry  Augustus. — Elected 
an  Associate  Member,  400. 

Ferguson,  Harry  Foster. — Trans- 
ferred to  Grade  of  Associate  Mem- 
ber, 636. 

Fewsmith,  William  Lee. — Elected 
an  Associate  Member,  755. 

FicKES,  Eugene  Weldon. — Elected  a 
Junior,  582. 

Finance  Committee.  —  Appointment 
of,  76. 

FiNCii,  J.  K. — Discussion  by,  246. 

Findley,  Raymond  Hanson. — Elected 
an  Associate  Member,  755. 

FiNLEY,  Guy  Cephas. — Elected  an  As- 
sociate IMember,  580. 

FiNLEY',  William  H. — Appointed  as 
Representative  of  Society  on 
Board  of  "Washington  Award", 
312. 

FiNNELL,  WooLSEY. — Elected  a  Mem- 
ber.  755. 

FiRMSTONE,  Frank.  —  Death  an- 
nounced, 530. 

FitzGerald,  Desmond.  —  Presents 
Progress  Report  of  Special  Com- 
mittee on  Engineering  Educa- 
tion, 66,  80. 

Flagler,  CLEJfENT  Alexander  Fin- 
ley. — Elected   a   Member,   246. 

Fleming,  Burton  Percival. — Trans- 
ferred to  Grade  of  Member,  72. 

Fleming,  Joseph  Hamilton.  — ■ 
Elected  an  Associate  Member, 
580. 

Fleming,  Thomas,  Jr. — Transferred 
to  Grade  of  Member,  757. 

Flinn,  Alfred  D. — Elected  a  Direc- 
tor, 69,  111;  On  Library  Com- 
mittee, 76;   Presides  at  Meeting, 
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FLOODS. 


FRIEL, 


246,  310,  579,  583;  Discussion  by, 
307;  Appointed  Chairman  of 
Library  Committee,  312;  On 
Committee  to  Expunfre  Corre- 
spondence in  Repard  to  Report  of 
Committee  on  Revision  of  the 
Constitution,  638. 

Floods  and  Flood  Prevention,  Special 
Committee  on. — Discharge  of, 
67,  102;  Report  of  Committee  on 
Special  Committees  Relative  to 
Discharge  of.   127. 

Florida.  State  Legislature  of. — Text 
of  Rill  Adopted  by.  For  the 
Licensing  of  Engineers,  408. 

Foard,  Arthur  Virdin. — Elected  an 
Associate  Member,  034. 

FOGERTY.  IMeRTON  SiIUMWAY.    

Elected    a   Junior.   635. 

Food  Resources  of  Country. — Letter 
from  Secretary  of  Department  of 
Commerce  Relative  to  Economv 
in.   313,  333. 

Forrest,  James. — Death  announced, 
640;  Appointment  of  Committee 
to  Prepare  ilinute  on  the  Death 
of,  640;  Report  of  Committee 
to  Prepare  Minute  on  the  Death 
of,   643. 

FoRTER.  Cecil  Alfred. — Elected  an 
Associate  Member,  580. 

Fowler,  Charles  Evan. — Discussion 
bv,  529,  579,  753;  Address  bv, 
633,  754. 

Fox,  Alvin  Bartholdi. — Elected  an 
Associate   Member.   396. 

"France  at  Work  and  at  War,  as 
Seen  on  a  Recent  Visit",  Address 
on,  249. 

Frank,  Aaron  Herbert. — Elected  a 
Junior,    397. 

Frank,  Leslie  Carl. — Transferred  to 
Grade  of  Associate  Member,  583. 

Frankland.  F.  H. — Discussion  by, 
529,    754. 

Franks.  John  Brandon. — Elected  an 
Associate  Member.  755. 

Eraser,  Robert  ^L\RSHALL. — Elected 
an  Associate  Member,  308. 

Frazee,  John  Hatfield. — Death  an- 
nounced, 399. 

French,  Carson  Geyer.  —  Trans- 
ferred to  Grade  of  Member,  309. 

Fried,  George  Daniel. — Elected  a 
Junior,  7L 


Friel,  Grant. — Elected  an  Associate 

Member,    755. 
Fritz,  John,  INIedal.    See  John  Fritz 

Medal. 
Fritz,    Walter. — Elected    a    Junior, 

635. 
Frost,    George    Henry. — Death    an- 
nounced, 249. 
Fi  ertes,    James    H. — Discussion   by, 

197. 
Fui-LER,       Clarence      Malcolm.  — 

Elected  a  Junior,  582. 
Fuller.     George     W. — Presides     at 

Meeting,  2;  Discussion  by,  2,  197. 
Fuller,   ]Myron    Elmer. — Elected   an 

Associate  Member,  580. 
Fui.WEiLER,    W.     H. — Discussion    by, 

69,  70. 
Funk,    Xorman    Will. — Elected    an 

Associate   Member,   580. 


Gabelman,  Charles  Grover. — Elect- 
ed  an  Associate  Member,   390. 

Gage,   R.   B. — Discussion  by,   69. 

Galbreath,  Albert  Webster. — 
Elected  an  Associate  Member, 
308. 

Gale,  Clarence  Stephens.— Elected 
an  Associate  Member,  400. 

Gale,  Leland  Isaac. — Elected  an 
Associate   Member,    71. 

Galloway,  John  D. — On  Engineer- 
ing Council,  644. 

Galt.  Charles  Elijah. — Elected  an 
Associate  Member,  755. 

Gambier  -  Bousfield,  George  Ed- 
mund.— Elected  a  Junior,   757. 

Gandolfo,  J.  H. — Letter  from.  Rela- 
tive to  Establishment  of  an  Even- 
ing Course  in  Military  Instruc- 
tion at  College  of  the  City  of 
New  York,  399. 

Gannett.  F.\rlev. — Transferred  to 
Grade  of  :\Iember,  398. 

Gardiner,  J.  deB.  W. — Address  by, 
245. 

Gardner,  George  Washington. — 
Elected  a  Junior,  71. 

Gardner,  Harry  Carter.  —  Trans- 
ferred to  Grade  of  Member,  401. 

Garlow,  Ezra  Clark. — Elected  a 
^lember,  755. 

Garnett.  Benjamin  Jay.  —  Trans- 
ferred to  Grade  of  Associate 
Member,   72. 


XVIII 


GARRETT. 


GODDARD. 


Garrett,  Frank  Bekby. — Elected  a 
Junior,  582. 

Garrett,  James  Madison. — Elected 
a   Member,   308. 

Gatens,  Ray  Stuart. — Elected  an 
Associate  Member,   755. 

Gaumer,  Albert  Wesley. — ^Trans- 
ferred to  Grade  of  Member,  401. 

Gautier,  Raoul  Charles  Rodolphe. 
— Elected  an  Associate  Member, 
581. 

Gaynor,  Keyes  Christopher.  — 
Transferred  to  Grade  of  Asso- 
ciate Member.  248. 

Gellebt,  Nathan  Henry. — Elected 
an  Associate  Member,  634. 

Gemberling,  Joseph  Burton.  — 
Elected  a  Member,   580. 

Gendell,  David  Smith,  Jr. — Elected 
a  Member,  399. 

General  Conference  Committee  of  the 
National  Engineering  Societies. — 
Appointment  of  Representatives 
of  Society  on,  75 ;  Resolution  of 
Board  of  Direction  Relative  to 
Discharge  of  Representatives  of 
Society   on,   640. 

Gentner,  Otto  Henry,  Jr.— Trans- 
ferred to  Grade  of  Member,  398. 

Genung,  James  Holcombe. — Elected 
a  Junior,  71. 

George,  Howard  Howell.— Trans- 
ferred to  Grade  of  Member,  401. 

GiBBS,  ^  William  Wetmore. — Trans- 
ferred to  Grade  of  Associate 
Member,  398. 

Giboney,  David  Francis. — Elected  a 
Junior,   7 1 . 

Gibson,  Norman  Rothwell.  — 
Elected  a  Member,  308;  Discus- 
sion by,  637. 

Gibson,  Otis. — -Elected  an  Associate 
Member,  308. 

Giffels,  William  Charles. — Trans- 
ferred to  Grade  of  Associate 
Member,   583. 

Gillespie,  Richard  H. — Appointed 
Teller  to  Canvass  Ballot  for 
Officers,  65,  78. 

Ginsburg,  Samuel  Rowland.  — 
Transferred  to  Grade  of  Mem- 
ber, 398. 

Gladding.  James  Nickerson.  — 
Transferred  to  Grade  of  Mem- 
ber, 582. 


Goddard,  Leslie  Drew. — -Elected  an 
Associate  Member,   396. 

Godfrey,  Edward. — Discussion  by, 
246. 

Goeder,  Frank  Peat. — Elected  an 
Associate  Member,   308. 

Goethals,  George  W. — Nominated 
as   Director,   603. 

Golden,  William  Anthony.  — 
Elected  an  Associate  Member. 
247. 

Goldsmith,  William.  —  Discussion 
by,  69,  70;  Transferred  to  Grade 
of  Member,  757. 

Gomez,  Ernesto. — Elected  a  Junior, 
248. 

Goodfellow,  James  Gordon.- — Trans- 
ferred to  Grade  of  Associate 
Member,    636. 

Goodrich,  E.  P. — Letter  from,  Rela- 
tive to  Assistance  Given  by 
Society  in  Work  of  Taking  State 
Military  Census  and  Inventory, 
645. 

Goodrich,  R.  D. — Discussion  by,  529. 

Goodwin,  William  Robert. — Elected 
an  Associate  Member,  396. 

Gordon,  John  Gardner,  Jr.  — 
Elected  an  Associate  Member,  71. 

GouGH,  William  Joseph. — Trans- 
ferred to  Grade  of  Member,  582. 

Gould,  Harry  Madera. — Death  an- 
nounced,  637. 

Gould,  Robert  Rutledge. — Elected 
an  Associate  Member,  308. 

Graeter.  George  Christian.  — 
Elected  an  Associate  Member, 
634. 

Graff,  George  Washington.  — 
Elected  a  Junior,   71. 

Graham,  Roland  Russell. — Elected 
a  Junior,  397. 

Gbanbery,  J.  H. — Exhibition  by,  Of 
INIilitary  Accoutrements  from 
French  "Front,  399. 

Gray,  Howard  Allison. — Elected  an 
Associate  Member,  396. 

Green,  Charles  Newton. — Trans- 
ferred to  Grade  of  Member,  401. 

Greene,  Howard  Arnold. — Deatli  an- 
nounced,  197. 

Greexough,  M.  B. — Discussion  bv, 
70. 

Greenwood.  Elmer  Ellsworth. — 
Elected   a  Member,   396. 


XIX 


GREGORY. 


TTALL. 


(litKioitY.  (iiAKi.ES  E. — Discussion  by, 
24(5. 

Gbegoby,  Johx  H. — Appointed  to 
Represent  Society  at  Joint  Con- 
fer(Miee  on  American  Knginecring 
Standards,  74. 

GuEiiAN.  l^KKNAUi)  IIenry. — Elected 
a  Junior,  397. 

Grkinku,  J.  C. — On  Publication  Com- 
mittee, 7(>;  On  En<,nneerin<:f  So- 
cieties Section  of  Coniniittee  on 
Science  and  Researcli  of  Advisory 
Commission,  Council  of  National 
Defense,  640. 

Ckiffix,  AiGUSTi'S. — Transferred  to 
Grade  of  .Afember,  63G. 

Griffin.  George  Appleton. — Elected 
an   Associate   Member,   308. 

Gbimsiiaw,  James  Walter. — Death 
aiininiiiced,    399. 

Griswold,  Hector  Clinton.— Elected 
a   Junior,   248. 

Gron'kr,  Urygve  Daniel  Bodtker. — 
Transferred  to  Grade  of  JNIember, 
401. 

Grove,  William  Garrett. — Trans- 
ferred to  Grade  of  Member,  309. 

Grove,  William  Garrett,  and  Henry 
Tayt-OR.  —  Awarded  the  James 
Laurie  Prize,  66,  79. 

Gruetzmacher,  Clarence  Saylor. — 
Elected  an  Associate  Member, 
396. 

GRf  NAUER,  Mortimer. — Transferred 
to  Grade  of  Associate  Member, 
248. 

Glttill,  Joseph  Richer. — Elected  a 
Junior,  582. 

Gurney,  Lester. — Transferred  to 
Grade  of  Associate  Member,  758. 

GuTTiN,  Henry. — Elected  a  Member, 
396. 


Haas,     Exum     Moses. — Elected     an 

Associate   Member,   247. 
PTadley,    Homer    More. — 'J'ransferred 

to    Grade    of    Associate    Member, 

636. 
Hale,  Herrert  Miller. — Transferred 

to  Grade  of  Member,  309. 
Haley,  Arthur  Edward. — Elected  a 

Junior,  248. 
Hall,     Benjamin    Mortimer,    Jr. — 

Elected     an      Associate    Member, 

396. 


IJai.l,  Ui.ivkk  Antrum. — Elected  an 
Associate  Member,  755. 

Hall,  William  Henry. — Transferred 
to  Grade  of  Member,  757. 

Hall,  William  M. — Paper  by,  197. 

IIammatt,  W.  C. — On  Nominating 
Committee,  66,  80. 

I  Jam  MEL,  Victor  Frank.  —  Trans- 
ferred to  Grade  of  Member,  636. 

Hammond,  Lewis  Merrick. — Trans- 
ferred to  Grade  of  Associate 
Member,    636. 

Hanmer,  Franklin  Joseph. — Elected 
an  Associate  Member,  400. 

Hansen,  John  Milton.— Elected  an 
Associate  Member,  755. 

Hansen,  Reinhold  Bernharo.  — 
Elected  a  Junior,  757. 

Hanson,  Neal. — Elected  an  Associate 
Member,  400. 

Harbert,  Guy  Morley. — Elected  an 
Associate   Member,   635. 

Haring,'  Alexander.  —  Appointed 
Teller  to  Canvass  Ballot  for  Of- 
ficers,  65,   78. 

Harrah.  Orin  Wilson.— Transferred 
to  Grade  of  Associate  Member, 
72. 

Harris,  Borden  Baker. — Transferred 
to  Grade  of  Member,   248. 

Harter,  Aloysius  Frank. — Elected 
an  Associate   ^lember,   396. 

Hartford,  Fred  Dailey. — Transferred 
to  Grade  of  Associate  Member, 
402. 

Hartridge.  Alfred  Lamar. — Elected 
a   Member,   246. 

Harvell,  John  Herbert. — Elected  an 
Associate  ^Member,  7L 

ILvrvey',  Alden  Wales. — Elected  a 
Junior,   40L 

Harwood,  George  A. — Letter  from, 
68,  109;  On  Publication  Com- 
mittee, 76;  On  Library  Conunit- 
tee,  76;  Resignation  Accepted, 
As  Chairman  of  Library  Commit- 
tee, 312;  On  Committee  to  Ex- 
punge Correspondence  in  Regard 
to  Report  of  Committee  on  Re- 
vision of  the  Constitution,  638. 

Harza,  Le  Roy  Francis. — Elected  a 
Meml)er,   634. 

Haskins,  John  Christopher. — 
Transferred  to  Grade  of  Asso- 
ciate ilember,  583. 


XX 


HAUN. 


HERSCHEL. 


Haun,  George  Cleveland. — Trans- 
ferred to  Grade  of  Associate 
MeJTiber,   73. 

Havser,  Kenneth  Douglass. — 
Elected  an  Associate  Member, 
247. 

Havens,  William  Westerfield. — 
Transferred  to  Grade  of  Asso- 
ciate Member,  73. 

Hawes,  George  Raymond. — Trans- 
ferred to  Grade  of  Associate 
Member,   248. 

Hawgood,  Harry. — Nominated  as 
Director,   603. 

Hawley,  William  Everett. — Elected 
a   Member,   580. 

Hayden,  Arthur  Gunderson. — 
Elected  a  Member,  580. 

Headley,  William  Thomas. — Elected 
an  Associate,  757. 

Healey,  Charles  Frank. — Trans- 
ferred to  Grade  of  Member,  636. 

Healy,  Frederic  George. — Elected  an 
Associate  Member,  635. 

Heatley,  Thomas. — Elected  an  As- 
sociate Member,  71. 

Heimbuecher,  Walter  Alexander. — 
Elected  an  Associate  Member, 
308. 

Hellyer,  Henry  Amyatt  Chaundy. 
— Elected  an  Associate  Member, 
247. 

Helmstetter,  George  Alfred. — 
Transferred  to  Grade  of  Asso- 
ciate  Member,   758. 

Hemstreet,  George  P. — Discussion 
by,  69. 

Henderer,  William  Oswald. — Death 
announced,    199. 

Henderson,  Alfred  Reid. — Elected 
an  Associate  Member,   755. 

Henderson,  Herbert.  —  Elected  a 
Member,  634. 

Henderson,  Samuel  Whildin. — • 
Transferred  to  Grade  of  Mem- 
ber, 401. 

Hendricks,  Ernest  Demarest.— 
Elected  a  Member,  246. 

Hendrie,  Matthew  Charles. — • 
Elected  an  Associate  Member, 
755. 

Henny,  D.  C. — Discussion  by,  395. 

Hering,  Rudolph. — Discussion  by, 
637. 

Herkness,  Lindsay  Coates. — Elected 
an  Associate  Member,  247. 


Herschel,  Clemens. — Presides  at 
Meeting,  65.  77;  Appointed  to 
Represent  Society  at  Water 
Power  Development  Conference, 
74;  Letter  from,  To  Committee 
on  Special  Committees,  129; 
Discussion  by,  583;  On  Commit- 
tee to  Prepare  ^Minute  on  Death 
of  James  Forrest,  640. 

Hews,  Wellington  Prescott. — 
Elected  an  Associate  Member, 
400. 

Hickok,  Charlie  W^illiam. — Elected 
a  Junior,  248. 

HiGGiNS,  Herman  Keene. — Trans- 
ferred to  Grade  of  Member,  72. 

Hill,  John  W. — Discussion  by,  197. 

Hill,  Louis  C. — ^On  Nominating  Com- 
mittee. 66,  80. 

Hill,  Nicholas  S.,  Jr. — Discussion 
by,   197. 

Hill,  William  R. — Elected  a  Direc- 
tor, 69,  111.  , 

HiiiES,  A.  J. — On  Nominating  Com- 
mittee, 66,  80;  Discussion  by,  On 
Relations  of  Local  Associations 
to  the  Society,  etc.,  586. 

Hinds,  Arthur  Klock. — Transferred 
to  Grade  of  Associate  Member, 
310. 

HiNKLE,  Albert  Harrison. — Trans- 
ferred to  Grade  of  Member,  757. 

Hirzel,  Alfred  Sparks. — Trans- 
ferred to  Grade  of  Associate 
Member,  758. 

"History  of  Little  Rock  Junction 
Railway  Bridge,  of  the  St.  Louis, 
Iron  Mountain  and  Southern 
Railway  Company,  over  the  Ar- 
kansas River  at  Little  Rock, 
Arkansas,  1883-1914",  Awarded 
the  J.  James  R.  Croes  Medal, 
66,  79. 

Hoar,  Allen. — Transferred  to  Grade 
of  Associate  Member,  636. 

Hoffman,  Eugene  Robert. — Elected 
an  Associate  Member,  396. 

Holborn,  Lewis  Adams. — Elected  a 
Jvmior,  582. 

IIoLBY,  Frank  Avil. — Elected  a  Mem- 
ber, 246. 

Holland,  Clifford  Milburn. — Trans- 
ferred to  Grade  of  Member,  309; 
On  Committee  of  Arrangements 
for  Annual  Meeting,  761. 


XXT 


IIOI.IJNGSWORTH. 


HUMANN. 


HoM  i.NcswDuTii.  Horace  Wrhhit. — 
Klectcd  an  Associate  Menihoi-.  71. 

Hoi.MKS,  High  Buowninc. — -Elocted 
an  Associate  Member.   755. 

Hoi.T.si.AW.  CiiAin.Ks  Henuy. — Elected 
an    Associate    Member,   635. 

HooPES,  Eik;ar  ^Fahx.  Jr. — Elected 
an  Ass(,ciate  Member,  308. 

Hoover,  Andrew  Pearson. — Trans- 
ferred to  Grade  of  ^lembcr,  582. 

Hopkins,  William  Treniiolm. — 
Elected  a  Junior,  757. 

HoRitEL,  Alfred  Albert. — Elected  an 
Associate  Member,  308. 

Horner,  Wesley  Winans. — Trans- 
ferred to  Grade  of  IMember,  582. 

House.  F.  E. — On  Committee  of  Ar- 
rangements for  Annual  Conven- 
tion.  252. 

HorsEiioLDER,  Frank  Johnson.  — 
Elected  an  Associate  INIember, 
635. 

HorsER,  SiiALER  Charles. — Trans- 
ferred to  Grade  of  ^Member,  582. 

Houston,  Robert  Bruce. — Elected 
an  Associate  Member,  308. 

Howard,  J.  W. — Discussion  by.   70. 

Howard.  Joel  ^Ianmng. — Death  an- 
nounced, 530. 

Howard,  Oliver  Zell. — Transferred 
to  Grade  of  ]\rember,  398. 

Howe,  Clarence  Decatur. — Trans- 
ferred to  Grade  of  Member,  401. 

HowEix,  Clarence  Scott. — Elected 
an  Associate  Member.   755. 

HoYT,    John    C. — Letter    from,   Rela 
tive  to  Publication  of  Correspond- 
ence    in    Regard     to     Report    of 
Committee    on    Revision    of    the 
Constitution,  640. 

HoYT,  W.  H. — On  Committee  of  Ar- 
rangements for  Annual  Conven- 
tion, 252. 

Huhrard,  Pbevost. — Discussion  by, 
60,  70. 

Hup.ER.  Joseph  Earl. — Elected  an 
Associate  Member,  396. 

Hup.ER.  \\alter  Eeroy. — -Transferred 
to  Grade  of  ]\Iember,  401. 

Hlckaby,  Mauiox  Columbus.  — 
Elected   a   Junior,   635. 

Hughes.  F.  D. — Discussion  by,  754. 

HcLSART,  C.  R. — ^Discussion  by,  70. 

Hulsizer,  William  Hill. — Elected 
an  Associate  Member,  396. 


Human  N,  Edwin  August. — Elected 
a  Junior,  757. 

Humphrey.  Thomas  Paul. — Elected 
an  Associate  Member,  755. 

Humphreys,  Alexander  C. — On  Fi- 
nance Committee,  76;  On  Engi- 
neering  Council,   644. 

Humphreys,  Evving  Sloan. — Trans- 
ferred to  Grade  of  Associate 
Member,  398. 

Hunt.  Andrew  M. — Nominated  as 
Director.   603. 

Hunt,  Charles  Warren. — Appointed 
to  Represent  Society  on  United 
Engineering  Society  Board,  74; 
Elected  Secretary,  76;  On  Li- 
brary Committee,  76;  On  Com- 
mittee of  Arrangements  for  An- 
nual Convention,  252;  On  Gen- 
eral Conference  Committee  of 
the  National  Engineering  Socie- 
ties, 640;  Paper  by,  754;  On 
Committee  of  Arrangements  for 
Annual   fleeting,   76L 

Hunt,  Chester  Robert. — Elected  an 
Associate  Member,   308. 

Hunt,  James  O'Connor. — Elected  an 
Associate  Member,  756. 

Hunt,  Nelson  Barnes.- — Elected  an 
Associate  Member,  58L 

Hunter,  Joseph  Greenwood. — 
Elected  an  Associate  Member, 
756. 

Hxtnier,  William  Henry. — Death 
announced,  310. 

HuRLRUT,  Hinaian  Barrett. — Trans- 
ferred to  Grade  of  Member,  40L 

HusTED.  Alva  Guy. — Elected  an  As- 
sociate Member,  58  L 

HuTCHi.xsoN,  Frank.  —  Elected  a 
Meml)er,  246. 

Hyatt,   Caleb. — Discussion   by,   69. 

Hyde,  Richard  Lewis. — Elected  a 
Junior,   582. 

Hyde,  William  Herbert. — Death  an- 
nounced. 310. 

"llydraiilic  Piienomena  and  the  Ef- 
fect of  Spreading  of  Flood  Water 
in  the  San  Bernardino  Basin, 
Southern  California",  presented 
and  discussed.  634. 

Hynds.  Harold  Devillo. — Elected  an 
Associate  Member,  7L 

Illinois  Association. — Abstract  of 
Minutes  of  ^Meeting  of,  204. 


XXII 


INGHAM. 


JOHNTZ. 


Ingham,  Edwin  Amui.kk. — Trans- 
ferred to  Grade  of  Associate 
^leinber,  73. 

Irwin,  Boyle. — Transferred  to  Grade 
of  Associate  Member,  248. 

Irwin,  John  Preston. — Elected  an 
Associate  Member,  308. 

Jackson,  Stuart  Wilson. — Trans- 
ferred to  Grade  of  Member,  248. 

Jacobs,  Jo.seph. — Letter  from.  Rela- 
tive to  the  Relations  of  Local 
Associations  to  the  Society,  etc., 
588. 

Jacobs.  Nathan  Bernd. — Elected  a 
Junior.  582. 

Jakobsen,  Bernhard  Faaborc.  — 
Elected  an  Associate  INIember, 
C35. 

Jamison,  George  Holt. — Elected  an 
Associate  Member,  308. 

Jebejian,  Nejib  Hovhanness.  — 
Elected  an  Associate  IMember, 
756. 

Jenkins.  James  Edgar. — Death  an- 
nounced, 530. 

Jenks,  Harry  Neville. — Elected  a 
Junior,  397. 

Jerrard,  Leigh  Patterson. — ^Paper 
by,  1 ;  Transferred  to  Grade  of 
Associate  Member.  636. 

Jessen,  Nils  Herman  Baashuus. — 
Elected  a  ]\Iember.  634. 

John  Fritz  INIedal. — Award  of,  3,  403, 
Annoiii'.cement  Relative  to  Book 
on,  251 ;  Announcem<'nt  Relative 
to  Award  of.  251;  List  of  Recip- 
ients of,  404;  Appointment  of 
Representative  of  Society  on,  645. 

Johnson,  A.  N. — Discussion  bv.  69, 
70. 

Johnson,  David  Clayton. — Trans- 
ferred to  Grade  of  Member,  757. 

Johnson,  Halbert  Theodore. — 
Elected  an  Associate  Member. 
308. 

Johnson,  Hollister. — Elected  an 
Associate   INIember,   396. 

Johnson,  John  Monroe. — Elected  an 
Associate  Member,  756. 

Johnson,  R.  D. — Discussion  by,  637. 

Johnson,  William  Stone. — Death 
announced,   754. 

Johnston,  J.  A. — Discussion  by,   69. 

Johnston,  James  Houstoun. — 
Elected  a  Member.  246. 


JoHNTZ,  Albert  Frederick. — Elected 
an  Associate  Member,  635. 

Joint  Committee  on  Adoption  of  the 
Metric  System. — Resolution  of 
Board  of  Direction  Relative  to 
Enlargement  of.  641. 

Joint  Committee  on  Orc;anization  of 
an  American  Engineering  Stand- 
ards Committee. — Report  of.  414. 

Joint  Conference  on  American  Engi- 
neering Standards.  —  Appoint- 
ment of  Representatives  of  So- 
ciety to,  74. 

Jonah,  Frank  G. — On  Committee  to 
Report  on  Proper  Relations  of 
Local  Associations  to  Society, 
etc.,  75;  On  Finance  Committee, 
76;  On  Committee  of  Arrange- 
ments for  Annual  Convention, 
252;  Resignation  Accepted  as 
Member  of  tlie  Board  of  Direc- 
tion, 642. 

Jones,  Percival  Charles. — Elected 
an   Associate   Member,  396. 

Jones,  Robert  Leroy. — Elected  an 
Associate   Member,   396. 

Jones,  Williaji  Donelson. — Elected 
an  Associate  Member,  635. 

Jones,  William  Nelson. — Trans- 
ferred to  Grade  of  INIember,  582. 

Jordan,  Loring  Kenneth. — -Elected 
an  Associate  Member,  247. 

Jorgensen,   L.   R. — Paper   by,   307. 

Joy,  Frederick  Merrick. — Elected  a 
Member,    246. 

JuENGST.  William  George. — Elected 
an   Associate  Member,    756. 

Kahler,      Charles      Porterfield. — 

Elected     an     Associate     Member, 

247. 
Kahn,  Julius. — Transferred  to  Grade 

of  Member,  72. 
Kaiser,    Benedict    Joseph. — Elected 

an   Associate  ]NIember,   635. 
Kalberg,  Swan  August. — Elected  an 

Associate  INIember,  756. 
Kane.  Daniel  Coughlin. — Elected  a 

Junior,  71. 
Katte,    Walter. — Death    announced, 

199. 
KAX•FF^rANN,       Charles       Emil.    — 

Elected  a  Member,  580. 
Kaufmann,    Ernst   Gustav. — Trans- 
ferred    to     Grade     of     Associate 

Member,  397. 
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KEARNEY. 


KRAEMER. 


Kearnky.   Jamks. — Elected   an   Asso- 
ciate Member,   308. 
Keays,     RAYxroM)     JosKPH. — Elected 

a  Junior,  248. 
Kkitii,     Gkuai.i)     ^^AR(■Y. — p]lcctod    a 

Junior.  582. 
Kei.i.y.   ITiT.H   A. — Discussion   hy.   1. 
Kerr.    Raymond    Eari.. — Elected    an 

Associate  Member,   247. 
Ketch  A  Ar,       Valentin  k       Onioi.i..    — 

Elected     an     Associate     Member, 

247. 
Ketch  I'M,    Mir.o    S. — Nominated    as 

Director,  603. 
Keyser,    Charles    Paul. — Elected    a 

:Nreml)er,  246. 
KinnEY.       Gerald       Sturtevant.  — 

Elected     an     Associate     ^Tember. 

306. 
KiMoi  (;h,      Edward      Mathiar.    — 

Eletted     an     Associate     Member. 

756. 
Kino.   Howard   Langdon. — Elected   a 

Junior.  309. 
King,  W.  I. — Discussion  by,  1. 
KiNNE,    Charles    Comfort. — Elected 

an  Associate  ]\rember,  71. 
Kinney,    W.    M. — Discussion    bv.    60. 

70. 
Kirstein,  Paul  Roueut. — Elected  an 

Associate   ^lember,   306. 
Kitchen.   Ernest. — Elected  an  Asso- 
ciate Member,  247. 
KiTTREDOE.     Gkorge     W. — Elected     a 

Vice-President,       69,       111;       On 

Finance  Committee,   76;    Presides 

at   Meetinjr,   245;    On    Committee 

to    Prepare   Minute   on    Death   of 

James  Forrest,   640. 
Kluegel,    Harry    At.lardt. — Elected 

a  Member,  306. 
Knapp,    Frank    HiRA>r. — Elected    an 

Associate    ■Member,    635. 
Knight.  Arthcir  Jlt.ils. — Elected  an 

Associate  Member,  400. 
KNOirrxGK.      Carl      Harman. — Trans- 
ferrer!    to     Grade     of     Associate 

Member.   248. 
Knollman,  En  no  Pail. — Elected  an 

Associate   Member.    396. 
Knort,  William  Arnold. — Elected  a 

Junior.   309. 
Knowles.    S.    a. — Discussion    by,   70, 
KoR.VFELD.     Harry. — Transferred     to 

Grade  of  Associate  Member.  636. 


Kraemer.  Adonis  William. — Elected 
an  Associate  Member,  397. 

Labsap.  Alfred  Harry. — Elected  an 
Associate  ]\Iember,  247. 

La  Dii,  Dwight  B. — On  Nominating 
Committee,  66,  80;  Transferred 
to  Grade  of  Member,  582. 

La  MI!.  Lyman  Calvin. — Elected  an 
Associate  ^lember,  400. 

Lami!.   Hicil\rd.— Discussion  by,  310. 

Lamhkrt.  1"]i)ward  Allyn. — Elected 
an  Associate  Member,  397. 

Lank,  E.  W.— Discussion  by,  529. 

Lansdale,  John. — Elected  an  Asso- 
ciate ifember,  581. 

LaRoche,  Arthur  Lewis. — Elected 
an  Associate  Member,  397. 

Larson,  Morgan  Foster. — Elected  an 
Associate   Member,   397. 

LaRue,  Harry  Anderson. — Elected 
an  Associate  Member,  756. 

Latey,  Henry  N.  —  Appointed  to 
Represent  Society  at  Joint  Con- 
ference on  American  Engineering 
Standards,  74. 

Lauchli,   E. — Discussion  by,   70. 

Laverty,  Samuel  Perry. — Elected  a 
Junior,  757. 

La\\t!ence,  Frank  E  l  m  a  k  e  r.  — 
Elected  an  Associate  Member, 
756. 

Lawrie,  James  Albro. — Elected  an 
Associate  Member,  581. 

Lawrie   Prize. — Award  of,   66,   79. 

Layfield,  E.  N. — On  Committee  on 
Employment  Bureau,   314. 

Leal.  Henry  Way'. — Elected  an  As- 
sociate   Member,    635. 

Leavitt,  Thomas  Sylvester.  — 
Elected  an  Associat<»  Member, 
71. 

Ledoux,   J.    W. — Discussion    by,    246. 

Lee,  Charles  H. — Discussion  bv, 
634. 

LeFever.  Kenneth  W  i  n  a  n  s  .  — 
Elected   a   Junior,  582. 

Leon,  Harry  McConnell. — Elected 
an  As.sociate  Member,  756. 

Levy.  Joseph  Irwin. — Elected  a 
Junior,  757. 

Lewald,  Alfred. — Elected  an  Asso- 
(fiate  Member,  756. 

Lewis.  Chester  Brooks. — Trans- 
ferred to  Grade  of  Associate 
Ttlember,  248. 
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LEWIS. 


LOCKE. 


Lewis,  Eugene  Castner. — Death  an- 
nounced, 199. 

Lewis,  N.  P.- — Presents  Final  Re- 
port of  Special  Committee  to 
Investigate  the  Conditions  of 
Employment  of,  and  Compensa- 
tion of,  Civil  Engineers,  67,  91; 
Nominated  as  Vice-President, 
603. 

Library. — Accessions  to  the,  24,  153, 
210.  263,  354,  436,  541,  612,  692, 
771;  Pteport  of  Secretary  Rela- 
tive to  the  Removal  of,  312; 
Resolution  of  Board  of  Direction 
Relative  to  Transfer  of  Owner- 
ship of,  312;  Report  of  Commit- 
tee on  Disposal  of  Duplicates 
in,  640. 

Library  Committee.  —  Appointment 
of,  76;  New  Chairman  Appointed, 
312;   Report  of,  642,  671. 

Licensing  of  Architects. — Letter  from, 
and  Resolution  by,  San  Diego 
Association  Relative  to  Proposed 
Bill  for.  In  California,  313,  341; 
Text  of  Proposed  Bill  for,  In 
California,   334. 

Licensing  of  Engineers. — Text  of 
Bill  for  the.  Adopted  by  the 
State  Legislature  of  Florida,  408. 

LiNDENTHAL,  GusTAV.  —  Discussion 
by,   753. 

Little,  Walter  Colton,  Jr.- — Elected 
an  Associate  Member,  247. 

Lloyd,  Henry. — Elected  an  Associate 
Member,  400.    - 

Local  Associations.  —  Abstract  of 
Minutes  of  Meetings  of,  7,  142, 
143,  144,  145,  147,  149,  202,  203, 
204,  205,  207,  254,  256,  258,  347. 
348,  350,  420,  421,  422,  424,  426, 
427,  428,  533,  534.  535,  538,  606, 
608,  682,  684,  685,  686,  687, 
764,  765,  766,  767;  Constitution 
of  Nebraska  Association  Ap- 
proved, 75 ;  Letters  from.  Regard- 
ing Proper  Relations  of.  To  So- 
ciety, etc.,  75 ;  Appointment  of 
Committee  on  Relations  of.  To 
Society,  etc.,  75  ;  Statement  Rela- 
tive to  Technical  and  Non-Tech- 
nical Committees  of  the  Colorado 
Association,  136;  Report  of  Com- 
mittee on  Proper  Relations  of,  To 
Society,    etc.,    312,    327;    Revised 


Constitution  of  Baltimore  Asso- 
ciation Approved,  313:  Letter 
from,  and  Resolution  by,  San 
Diego  Association  Relative  to 
Pro])osed  Bill  for  Licensing  of 
Arcliitects  in  California,  etc., 
313,  341 ;  Constitution  of  Duluth 
Association  Approved,  313;  Dis- 
cussion on  Report  of  Committee 
on  Proper  Relations  of.  To  So- 
ciety, etc.,  584;  Letter  from  Sec- 
retary of  District  of  Columbia 
Association  Relative  to  Publica- 
tion of  Correspondence  in  Regard 
to  Report  of  Committee  on  Re- 
vision of  the  Constitution,  640; 
Presentation  to  Cleveland  Asso- 
ciation of  Duplicates  in  Library, 
640. 

Locke,  Franklin  Buchanan.  — 
Death  announced,  399. 

Lockhardt,  William  Francis.  — 
Elected  a  Junior,  635. 

LocKwoon,  Richard  John. — Trans- 
ferred to  Grade  of  Member,  582. 

LoEWEXSTEiN,  Jacob.  —  Transferred 
to  Grade  of  Member,  248. 

Logan,  Vernon  Lemley. — Elected  a 
Junior,   757. 

Lohr,  William  Shannon. — Elected 
an  Associate  Member,  635. 

Lord,  Arthur  Russell. — Elected  an 
Associate  Member,   247. 

Love,  William  Lewis. — Elected  an 
Associate   Member,   756. 

Lucas,  George  Latimore. — Trans- 
ferred to  Grade  of  Member,  72. 

Lucchetti-Otero,  Antonio  Sebas- 
tian.— Transferred  to  Grade  of 
Associate  Member,  248. 

Ludlow,  Justin  Wyman. — Trans- 
ferred to  Grade  of  Member,  72. 

LuEDKE,  Arthur  Lewis. — Elected  an 
Associate  Member,  247. 

LuMSDEN,  Hugh  John. — Elected  an 
Associate   Member,   635. 

Lund,  Alfred  Majendie.  —  Trans- 
ferred to  Grade  of  Member,  309. 

Luzz.\tto,  Joseph  Giovanni.  — 
Elected  an  Associate  Member, 
247. 

Ly^ndon,  Lamar. — Elected  a  Mem- 
ber. 396. 

Lytel,  .James  Leonard. — Transferred 
to  Grade  of  Member,  582. 


XXV 


Charles       Edward.  — 
ail     Associate     Member, 


Percival 

Associate 


Joiix.  — 
Member, 


Piiii.ip     Olterrridge. — 
an     Associate    Member, 


isrAcARTRrn. 

MacArtiiur.  John  R. — Address  by, 
•240. 

jrAcCAi.i.rM.  Ai  KXANDER  Wir.i.rA>r. — 
Deatb  announced.   109. 

MacCJregor,  K.  a. — Discussion  by, 
70. 

Machex.  Henry  B. — Appointed  Teller 
to  Canyass  Ballot  for  OfTieers, 
65,  78;   Discussion  by,  395. 

]\rACKAi.r.,  John  Nathaniel. — Trans- 
ferred to  Grade  of  Member,  308. 

Mackenzie,  Kenneth  Kino.  — 
Elected  an  Associate  ^lember, 
581. 

AfACLEAN. 

Elected 

400. 
MacXaughton, 

Elected     an 

397. 
Macqi'een, 

Elected 

756. 
McClintock,  J.  R. — Discussion  by,  2. 
McClung,    David    Arthur. — Elected 

a  Junior,  582. 
McClure,    Hunter. — Transferred     to 

Grade      of      Associate      TNIember, 

637. 
McCi.usky. 

Elected 

307. 
McC'OLLOM.     Thomas     Chalmers. — 

Death   announced,  73. 
McC'onnell,     E;d\vard     Herbert.  — 

Elected     an     Associate     Member, 

247. 
McCooL,    Daniel. — Deatli    announced, 

2. 
McCooL,    Harry    England. — Elected 

an  Associate  Member,  635. 
McCrea,    Charle.s    Harold. — Elected 

a  Junior,  757. 
McCuLLOUGH,     George    Seymour.  — 

Elected  a  Junior,  397. 
McDonald,  Hunter. — On   Committee 

to  Report  on  Proper  Relations  of 

Local     Associations     to     Society, 

etc.,   75;    Resolution  by,  Relatiye 

to  Proposed  Revised  Constitution, 

647. 
^IcDoNALD,     William     Frederick. — 

Elected     an     Associate     ^lember, 

635. 


William    Oliver,    Jr. — 
an     Associate    Member, 


McDOKNELL. 

McDonnell,       Francis       Regis.  — 

Elected    an    Associate    Member, 

581. 
^IcGlashan,        Harry        Deyoe.    — 

Transferred    to    Giade    of    Mem- 
ber,  582. 
McIntyre,   William   John. — Elected 

a  Junior,  757. 
McKercher,  Charles  William  Hos- 

KiNS.— Elected       an       Associate 

3Ieml)er,   756. 
McKiM,     Alexander     Rice.  —  Dis- 
cussion by,  633. 
McKinnell,     Frederic     Berkly.  — 

Elected     a|n     Associate     Member, 

581. 
McLane,    Glenwood    Lyle. — Elected 

a  Member,  308. 
McMillan,  Franklin  R. — Elected  an 

Associate   Member,   581. 
McMullen,     Ray     Webb.  —  Trans- 
ferred    to     Grade     of     Associate 

Member,  583. 
McWhorter,       Roger       Barton.  — 

Elected     an    Associate     Member, 

247. 
McWilliams,  Samuel  Alexander. — 

Transferred  to  Grade  of  Associate 

Member,  248. 
Maddox,       Luther       Robinson.   — 

Elected     an    As.sociate     Member, 

247. 
Mahnken,  Alfred  John. — Elected  a 

Junior,   401. 
Maier,    H.    L. — Discussion    by,    70. 
Mailey,    John    Bruce. — Transferred 

to    Grade   of    Associate   Member, 

398. 
Malloy,  John  Michael. — Elected  an 

Associate  Member,  756. 
Mandelzweig,     Hyman      Harry.   — 

Elected     an     Associate     Member, 

397. 
Mann,   C.   R.— Address  by,  66,  82. 
Mansfield,       Newton. — Elected       a 

Member,  580. 
Mansfield,      Royal     John. — Trans- 
ferred to  Grade  of  Member,  757. 
Manzanilla     y     Carbonell,     Jos6 

JusTO. — Transferred   to  Grade  of 

Associate  Member,   402. 
Marker,       William       Maxwell.  — 

Elected  a  Junior,  637. 
Marr,      William      Walter. — Death 

announced.  637. 
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MARSH. 


METCALFE. 


Marsh,  Robert,  Jr. — Elected  an  As- 
sociate Member,  581. 

Marston.  Frank  Alwyn. — Trans- 
ferred to  Grade  of  Associate 
Member.  583. 

INJartin,  Lewis  M. — Transferred  to 
Grade  of  Member,  582. 

Maslen,  Harold  Carpenter.  — 
Elected  a  Junior,   72. 

Massei,  Caesar. — Transferred  to 
Grade  of  Associate  Member,  583. 

Matthews,  Albert  Clark,  Jr. — 
Elected  a  Junior,  636. 

Mattimore,  H.  S. — Discussion  by. 
69,  70. 

Maul,  Theodore  Russell.- — Elected 
an  Associate  Member,  247. 

May,  Charles  Culbertson. — Elected 
an  Associate  Member,  58L 

jNIayo,  Franklin  F. — Discussion  by, 
1. 

Maxim,  Sir  Hiram  Stevens. — Death 
annoimced,  73. 

Mead,  Royal  Lee. — Elected  an  As- 
sociate  Member,    756. 

Mead,  William  Henry. — Elected  an 
sociate  Member.  756. 

Medine,  Simon. — Elected  a  Junior, 
72. 

Meeker,  R.  A. — Discussion  by,  70. 

Melin,  Reynold  Ferdinand.  — 
Elected  an  Associate  Member, 
756. 

Meltzer,  Joseph. — Elected  an  Asso- 
ciate Member,  308. 

Membership. — Additions,  27,  L56, 
213,  267,  356,  453,  546,  618,  720, 
806;  Changes  of  Address.  214, 
271,  359,  465.  546,  623,  725;  810; 
Reinstatements,  160,  367,  485; 
Resignations,  31,  160,  367,  486, 
736  r  Deaths,  32,  160,  220,  278, 
367,  486,  554,  631,  736,  817. 

Mercier,  Paul  Emile.— Elected  a 
Member,  754. 

Merckel.  Frederick  George.  — 
Elected  a   Junior.   309. 

Merriam,  Charles  Allen. — Elected 
an   Associate   Member.   400. 

Merrill,  Robert  Hall. — Transferred 
to  Grade  of  Member,  582. 

Merriman,  Mansfield. — Discussion 
by,  529. 

Metcai.f,  Leonard. — Letter  from. 
Relative  to  Proposed  Revised 
Constitution.    647. 


Metcalfe,  Alfred  Harold. — Elected 
an  Associate   Meml)er.   247. 

Metric  Equivalents  in  Publications  of 
Society. — Report  of  Publication 
Committee  on  Use  of,  642. 

^letric  System,  Joint  Committee  on 
Adoption  of  the. — Resolution  of 
Board  of  Direction  on  Enlarge- 
ment of,   641. 

Meyer,  A.  F. — On  Committee  of  Ar- 
rangements for  Annual  Conven- 
tion,  252. 

]Meyer,  Charles  Louis. — Elected  an 
Associate  Member,  247. 

Mickey,  Clark  Edwin.— Discussion 
by,  69,  70;  Transferred  to  Grade 
of   Associate    Member,    636. 

MiLHAN,  David  Nelson. — -Elected  a 
Junior,  72. 

Military  Census  and  Inventory,  State. 
— Letters  of  Thanks  for  Assist- 
ance Given  bv  Society  in  Work 
of  Taking,  645. 

Military  Engineering  Committee  of 
New  Yoik.— Correspondence  by, 
Relative  to  Request  for  Co- 
operation, 313;  Letter  from.  Rel- 
ative to  Request  of  Ordnance  De- 
partment for  ]\Ien  of  Mechanical 
Trades  for  W'ar  Service,  754. 

Military  Training  and  Service. — 
Resolutions  of  Board  of  Direc- 
tion Relative  to  Universal,  308, 
314,  331;  Report  on  Replies  Re- 
ceived Relative   to,   640. 

Miller.  Harvey  Cooper. — Death  an- 
nounced,  758. 

Miller,  Lora  Walter. — Death  an- 
nounced,  197. 

Miller,  Melville  Sampson.  — 
Elected  an  iVssociate  Member,  635. 

Miller,  Richard  Levl — Elected  a 
Member,  246. 

Miller,  Robert  Patchen. — Elected 
an  Associate   ilember.  756. 

Miller,  Stanley  Alfred. — Death 
announced,  399;  Resolution  Au- 
thorizing Appointment  of  Com- 
mittee to  Communicate  with 
State  Department  Relative  to  In-' 
demnity  for  Death  of,  530. 

Miller,  William  Christian.  — 
Elected  an  Associate  Member,  397. 

Mills,  Charles  Philip. — Elected  a 
Junior,  757. 
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MILLS. 


MOKIAin'Y. 


Mii.i.s.       Ciuv      CJ. — Trausfoned       to 
Grade  of  Associate  Member,  310. 
Minutes     of     IMeotinfj     of     Executive 
Committee    of    Board    of    Direc- 
tion. G39. 
Minutes  of  Meetings  of  Special  Com- 
mittees.   150.  207.  260,   429,  431, 
432.  GOO,   088,  689. 
Minutes  of  Meetings  of  the  Board  of 
Direction,    73,    75,    76,   249.   311, 
314,  402.  638.  641,  642,  647,  758. 
Minutes  of   Meetings  of   the   Society, 
I,  2.  65,  69,  70.  77,  197,  198,  245, 
246,  249,  307,  310,  395,  399,  529, 
579,  583,  633,  637,  753,  754. 
MiTCHKL,     John     Plkroy.  —  Letter 
from.      Relative      to      Assistance 
Given    by    Society    in    Work    of 
Taking    State    Military    Census, 
645. 
Moiu'.KKi.v.    He.vry    Peyton. — Trans- 
ferred to  Grade  of  Member,  248. 
".Xfodern     Practice     in     Wood     Stave 
Pipe  Design,  and  Suggestions  for 
Standard      Specifications,"      pre- 
sented and  discussed,  395. 
MoELLER.  Henry  Lewis.— Elected  an 

Associate  Member,  755. 
MoFFETT,  John  William. — Elected  an 

Associate  Member,   58  L 
MoisSEiFF,  L.  S. — Discussion  by,  753. 
MoLLER,   Irving    Clark. — Elected   an 

Associate   ^Member,   247. 
Monk,  Percy  Shelley. — Transferred 
to    Grade    of   Associate   Member, 
248. 
Monthlv  List  of  Engineering  Articles 
of 'interest.    34.    162.    221.    279, 
368,   487,   555,   631,   737,   818. 
jMoore.     Clifford     B.  —  Appointed 
Teller     to     Canvass     Ballnt     for 
Oflicers.  65,  78. 
Moore.   Fred  F. — Discussion  by.  246. 
Moore,    Stanley    Wailace. — Trans- 
ferred    to     Grade     of     Associate 
^Member,  583. 
MoRELOcK.   John   Earl. — Elected    an 

Associate  Member.  400. 
MoBEY,     Edward     Fr.\ncls. — Elected 

an  Associate  Member.  581. 
Morgan.   Arthur  E. — Discussion  bv, 

633.  637. 
Morgan.   'I'iionjas    Charles. — Elected 
a  Junior.  397. 


MoiUAUTY,  (  i.AHKNCE. — Elected  an 
Associate  Member,  247. 

Morrison,  Gilukut. — Elected  an  As- 
sociate Member,  756. 

Morrison,  Kogeh  Leroy.  —  Trans- 
ferred to  Grade  of  Associate 
Member,   583. 

Moss.  Jerome  Aaron. — Elected  an 
AssDiiato  iMember,  581. 

Mould,  Gkorge  Alexander  Hutch- 
INGS. — Deatli    announced,    73. 

Moulton,  Herbert  George. — Elected 
a  Member.  246;  Discussion  bv, 
308. 

MuKNSTER.  Roland  August. — Elected 
a   Junior.  248. 

Mui.holland.  William. — Discussion 
by,  634. 

Mullen,  Charles  Augustine.  — 
Elected  an  Associate  Member, 
756. 

Mullen.  Charles  Ward. — Elected 
a   Member,  580. 

'"Multiple-Arch  Dams  on  Rush  Creek, 
California."  presented  and  dis- 
cussed, 307. 

^luRDOCH,  Russell  Alger. — Elected 
an  Associate  Member,  581. 

.Murphy,  Alvin  Rush. — Transferred 
to  Grade  of  Associate  Member, 
583. 

iluRPHY,  Kendall  Tuttle. — Elected 
an  Associate  Jleniber,  635. 

]\IuuRAY,      Clifford     Eaton. — Trans- 
ferred    to     Grade     of     Associate 
Member,  398. 
Murray,  James  Lee. — Elected  an  As- 
.sociate  Member,  635. 

Nadgw.  David. — Elected  a  Junior, 
397. 

Nagler,  Fi  OYD  A. — Paper  by,  529. 

Nance,  Archibald  Whitfield.  — 
Elected  an  Associate  Member, 
581. 

National  Water  Law.  Special  Com- 
mittee on. — Progress  Report  of, 
86;  Report  of  Committee  on 
Special  Committees  on  Work  of, 
and  Appropriation  for.  127: 
Change  of  Name  of,  Suggested 
and   Adopted.   73.    127. 

Nebraska  Association. — Constitution 
Approved.  75;  Abstract  of  Min- 
utes "<■  Meetings  of,  145,  350. 
424.  765. 
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NEEDHAM. 


OBERMEYER. 


Neediiam,  Egbert  Stephen.  — 
Elected  an  Associate  Member, 
756. 

Neibert,  James  Shively. — Elected 
an  Associate  Member,   397. 

Neinken,  Mortimer  Louis. — Elected 
a  Junior,  636. 

Nei.son,  Ernest  Benjamin. — Trans- 
ferred to  Grade  of  Associate 
Member,  308. 

Newell,  F.  PI. — On  Committee  on 
Employment  Bureau,  314;  On 
Engineering   Council,   64-i. 

Newkirk,  Samuel  Frank. — Trans- 
ferred to  Grade  of  Associate 
Member,  758. 

Nichols,  Arthur  Clough. — Elected 
a   Junior,   401. 

Nicholson,  George  Frances.  — 
Elected  an  Associate  Member,  397. 

Noble,  Frederick  C. — Elected  a 
Director,  73 ;  On  Publication 
Committee,  76;  On  Committee 
to  Expunge  Correspondence  in 
Regard  to  Report  of  Committee 
on  Revision  of  tlie  Constitution, 
638. 

Noble  Memorial. — Statement  of  Work 
of  Committee  on,  70,  137;  Pro- 
gress Report  of  Committee  on, 
312,  645,  648;  Appointment  of 
Member  of  Committee  on,  313. 

Nominations,  Committee  on. — Report 
of  Tellers  Appointed  to  Canvass 
Suggestions  for,  66,  79 ;  Presents 
List  of  Nominees,  603 ;  Report 
of,  642;  Appointment  of  Com- 
mittee of  Board  of  Direction  to 
Canvass  Preliminary  Suggestions 
for  Members  of.  Authorized,  645 ; 
Dates  Fixed  for  Mailing  Form 
for,  and  Canvassing  of.  Final 
Suggestions  for  Members  of,  645. 

Norman  Medal. — Award  of,  66,  79. 

NoRRis,  Claire  Green. — Elected  an 
Associate  Member,  756. 

Norris,  Robert. — Elected  an  Asso- 
ciate Member,  756. 

Norton,  John  Evered. — Elected  an 
Associate   Member,   581. 

NoYES,  Edward  Newton. — Trans- 
ferred to  Grade  of  Member,  72. 

Numata.  Hisanori. — Elected  a  Mem- 
ber, 396. 


Obebmeyer,  Walter  Scott. — Trans- 
ferred to  Grade  of  Associate 
Member,  310. 

"Obstruction  of  Bridge  Piers  to  the 
Flow  of  Water,"  presented  and 
discussed,   529. 

Officers  of  the  Society. — -Authoriza- 
tion by  Board  of  Direction  of 
Explanatory  Foot-Note  Relative 
to  Salaries  of,  75;  Resolution  of 
Board  of  Direction  Relative  to 
Recommendations  to  Office  or 
Position  by,   313. 

Okey,  Charles  W. — Paper  by,  637. 

Olds,  Albi:rt  Roy. — Elected  an  As- 
sociate Member,  397. 

O'Neill,  Owen  Hugh. — Elected  an 
Associate   Member,   756. 

O'Rourke,  Frank  Hugh. — Elected 
an  Associate  Member,  397. 

OsBORN,  Frank  C. — Resigns  as  Mem- 
ber of  Special  Committee  on  Steel 
Columns   and   Struts,   313. 

Oxer,  George  Carrol. — Elected  an 
Associate  Member,  756. 


Paine,  Allen  Thatcher. — Elected  an 

*       Associate   Member,    581. 

Parker,  Harold. — Death  announced, 
2. 

Parker,  James. — Elected  a  Junior. 
636. 

Parker,  Kingsbury  Eastman.  — 
Transferred  to  Grade  of  Asso- 
ciate Member,   398. 

Parsons,  W^illiam  Barclay. — Paper 
by,   583. 

Partridge,  J.   F. — Paper  by,  395. 

Patterson,  Charles  Scott. — Trans- 
ferred to  Grade  of  Associate 
Member,    73. 

Paxton,  Thomas  Preston. — Elected 
an  Associate  Member,  400. 

Peabody,  Alonzo  Orran. — Elected 
an  Associate   Member,   308. 

Pearl,  Walter. — Discussion  by,  308. 

Pearson,  Harry  Brownley,  Jr.  — ■ 
Transferred  to  Grade  of  Asso- 
ciate Member,  758. 

Pegram,  George  H. — Elected  Presi- 
dent, 69,  111;  Address  by,  69, 
112;  Presides  at  Meeting,  197, 
198,  249,  395,  399,  529,  637,  754; 
Resolution  of  Board  of  Direction 
Relative    to    Annual    Address    as 
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PKXTCK. 


IMKllCK. 


I'lfsidciit.  t;H;  On  .loliii  Fritz 
Medal    Board    of   Award,   1)45. 

Pemck,  Dixon  Browx. — EleL-tfd  an 
Associate  Member,  71. 

Penn,  \Yii.i.iAisr  Clay. — Elected  an 
Associate  ^[einber,  400. 

Peottkr,  Reuben  Sylvester. — Trans- 
ferred to  Grade  of  Member,  636. 

Pereika,  Armando  pe  Arruda. — 
Elected   a   Junior,   72. 

Perkins,  Alva  Harold. — Elected  an 
Associate  Member,  635. 

Perkins,  Seth. — Elected  a  Mendjer, 
580. 

Perkins,  Seth,  Jr.- — Elected  an  As- 
sociate ]\Iember,   756. 

Perkins,  W.  C.  W. — Discussion  by,  70. 

Perrine.  Harold. — 'J'ransferred  to 
Grade  of  Associate  JNIember,  240. 

PERI5INE.  Harold,  and  George  E. 
Strehan. — Awarded  the  Collinj^- 
wood    Prize,   66,   79. 

Perry,  Arthlr  Franklin,  Jr.  — 
Elected  a  Junior,  757. 

Persons,  Victor  Smith. — Elected  an 
Associate   Member,    400. 

Peters,  Aldert  Aver. — Elected  an 
As.sociate  Member,  7l. 

Peters.  William  Frederick.  — 
Elected  an  Associate  Member,  309. 

Petry',  Charles  Ai.oysius. — Elected 
an  Associate  Member,  756. 

Phalan,  John  Joseph  Francis.  — 
Transferred  to  Grade  of  Asso- 
ciate   :Member,    398. 

Phakis,  LeRoy  Masters. — Elected 
an  Associate  ^Member,  309. 

Pheli's,  Howard  Eastwood. — Trans- 
ferred  to  Grade  of  Member,  72. 

Philailelphia  Association.  —  Minutes 
of   fleeting   of,   766. 

PiiiLLii's,  William  Hale. — Trans- 
ferred to  Grade  of  Member,  398. 

Pickett,  Frank  Hurd. — Elected  an 
Associate  Member,  635. 

Pickett,  William  Douglas.— Death 
announced,   249. 

PiCKUS,  Joseph. — Elected  a  Junior, 
72. 

Piepmeier,  Bion  Harman. — Trans- 
ferred to  Grade  of  Member,  636. 

Pierce,  Charles  Henry. — Trans- 
ferred to  Grade  of  Member,  582. 

Pierce.  Charles  Willia.m. — Elected 
a  Junior,  309. 


riKK(  K.  I'AiT.  LiiON.^Transferred  to 
(irade  of  Member,  636. 

Pitcher,  Floyd  Jacob. — Elected  an 
Associate  Member,  756. 

Plank.  David  Harlan.— Elected  an 
Associate    Member,    581. 

PocKELs,  William  Henri  Francais 
August. — Elected  a  Junior.  398. 

Polk,  A.  C,  and  E.  L.  Sayers. — 
Awarded  the  Thomas  Fitch  How- 
laud   Prize,   66,    79. 

Pollock,  C.  D. — Discussion  bv,  09, 
70. 

PoMEROY,  Lewis  Roberts. — Death  an- 
nounced, 399. 

Popert.  Willi  a  iM  Hope. — Transferred 
to  Grade  of  .Member,  309. 

Porter.  Arthur  ]\1ii.ler. — Elected  an 
Assoc  ate    Member,   247. 

PosKE,  Harry  Christian. — -Elected 
an  Asscjciate  Member,  71. 

Potter,  Alexander. — Discussion  bv, 
197. 

Powell,  Charles  Underhill.  — 
Elected  a   Member,   246. 

Powell,  Herbert  James  Bingham. 
— Elected  a  Member,  580;  Dis- 
cussion by,  754. 

Pratt,  Edmund  Addison. — Elected 
an  Associate  Member,  397. 

Pratt,  Henry'  Blanchard. — Trans- 
ferred to  Grade  of  Member,  72. 

President  of  the  United  States. — 
Telegram  to.  From  National  En- 
gineering Societies  and  United 
Engineering  Society,  Supporting 
International  Policy  and  Offer- 
ing Assistance  toward  Organiza- 
tion of  Engineers  for  Service, 
135;  Letter  from,  In  Reply  to 
Cablegram  from  Central  Board, 
Engineers  Ways  of  Communica- 
tions of  Russia,  645. 

I'richett,  Frederic  Borradaile. — 
Elected  a  .Junior,  398. 

Pride.  Harold  Ellwood. — Elected  a 
Junior,  757. 

Prizes,  Committee  to  Recommend  the 
Award  of. — Report  of,  66,  74,  79 ; 
Appointment  of,  Authorized,  640; 
Ajipoiutuient  of,   645. 

Public  Utilities,  Special  Committee 
on  \'aluation  of. — Final  Report 
of,  67,  97;  Discussion  Relative  to 
Discharge  of,  67,  98;  Report  of 
Committee  on  Special  Committees 
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PUBLICATION. 

on  Work   of,   and   Appropriation 

for,   126. 
Publication     Committee.  —  A])point- 

ment  of,  76;   Report  of.  On  Use 

of  Metric  Equivalents  in  Society 

Publications,  642. 
"Pulsations  in  Pipe  Lines,  as  Shown 

by  Some  Recent  Tests,"  presented 

and  discussed,   637. 
PuRVER,  George  Moses. — Transferred 

to  Grade  of  Member,  636. 
Pyle,  Clyde  Beethoven. — Elected  an 

Associate  Member,  309. 


Quarles,  Ben  1'arver. — Elected  an 
Associate  Member,   756. 

QuiMBY',  H.  H. — Discussion  by,  753. 

QuiNLAN,  George  Austin. — Trans- 
ferred  to   Grade   of   Member,   72. 

Quinn,  Maurice  James. — Elected  an 
Associate  Member,  397. 

Quinn,  Thomas  Francis. — Elected 
an  Associate  Member,  581. 


Rader,  Franklin  Kearns. — Elected 
an  Associate  Member,  309. 

Rader,  James  Wilson. — Elected  a 
Junior,  309. 

Rakestraw,  Charles  Lysander. — 
Transferred  to  Grade  of  Asso- 
ciate Member,   398. 

Ramser,  Charles  Ernest. — Trans- 
ferred to  Grade  of  Associate 
Member,  402. 

Ramsey,  Joseph. — Death  announced, 
2. 

Rand,  Charles  F. — Address  by,  65, 
77 ;  Letter  from.  Relative  to  In- 
creased Cost  of  Addition  to 
United  Engineering  Building,  74; 
Extracts  from  Annual  Report  of. 
As  President  of  United  Engi- 
neering Society,  250. 

Randall,  Frank  Alfred. — Trans- 
ferred to  Grade  of  Member,  310. 

Randell,  Ralph  Reginald. — Trans- 
ferred to  Grade  of  Associate 
Member,  249. 

Randlett,  F.  M. — Discussion  bv, 
308. 

Randolph,  Orrin. — Discussion  bv, 
637. 

Randolph,  Richard  Wood. — Trans- 
ferred to  Grade  of  Member,  401. 


RANKIN. 

Rankin,  Edward  S. — Discussion  by, 
1. 

Ranney,  Alfred  Gardner. — Elected 
a  Junior,  582. 

Ranney,  Willis. — Transferred  to 
Grade  of  Member,  401. 

Ransome,  Ernest  Leslie. — Death 
announced,   199. 

llAY',  Robert  Bright. — Elected  an  As- 
sociate Member,  309. 

Rayburn,  John  Matthew. — Elected 
a  Member.  308. 

Kaymond,  Herbert  Dwight.  — 
Elected  an  Associate  Member, 
581. 

Reaney',  Charles  Franklin.  — 
Transferred  to  Grade  of  Asso- 
ciate Member,  73. 

"Reconstruction  of  the  Norfolk  and 
Western  Railway  Company's 
Bridge  Over  the  Ohio  River  at 
Kenova.  West  Virginia,"  Awarded 
the  James  Laurie  Prize,  66,  79. 

Reding,  James  Handyside. — Elected 
an   Associate   Member,   635. 

Reed,  Percy  Lawrence. — Elected  an 
Associate  Member,   400. 

Rees,  Bird  LeGrand. — Elected  an 
Associate  Member,  581. 

Reese,  Raymond  Castle. — Elected  a 
Junior,  757. 

Reeve,  Leroy'  Norman. — Transferred 
to  Grade  of  Member,  636. 

Renshaw,  Alfred. — Elected  a  Jun- 
ior, 636. 

Repko,  George  Anton. — Elected  a 
Junior,   401. 

Report  of  Board  of  Direction,  13,  66, 
78. 

Report  of  Committee  of  Baltimore 
Association  on  Relations  of  Local 
Associations  to  the  Society,  etc., 
584. 

Report  of  Committee  of  Board  of  Di- 
rection on  Relations  of  Local  As- 
sociations to  the  Society,  etc., 
312,  327;  Discussion  on,  584. 

Report  of  Committee  of  Seattle  As- 
sociation on  Relations  of  Local 
Associations  to  the  Societv,  etc., 
587. 

Report  of  Committee  on  A  National 
Water  Law,  86. 

Report  of  Committee  on  Alfred  Noble 
Memorial,   312.   645,   648. 
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EEPORT. 

Rpport  of  Committee  on  Concrete  and 
Ucinforced  Concrete,  07,  Sti. 

IJt'port  of  Committee  on  Disposiil  of 
Duplicates   in    l.il)rary.  040. 

JJi'l)()rt  of  Committee  on  Employment 
l^>ureau.  314,  330;  Resolution  of 
Hoard  of  Direction  Relative  to, 
314. 

Report  of  Committee  on  Engineering 
Education.  00.  80. 

Report  of  Committee  on  ^laterials 
for  Road  Construction.  07.  84; 
^liiuites  of  Special  Meetings  for 
Discussion  of,  0!);  Discussion  of, 
09.  70. 

Report  of  Committee  on  Nominations, 
642. 

Report  of  Committee  on  Publications 
on  I'se  of  Metric  Equivalents  in 
Society  Publications,   642. 

Report  of  Committee  on  Revision  of 
the  Constitution,  311,  315;  Reso- 
lutions of  Board  of  Direction 
Relative  to  Correspondence  in 
Regard  to,  311,  638;  Appoint- 
ment of  Committee  of  Board  of 
Direction  to  Expunge  Corre- 
spondence in  Regard  to.  638 ; 
Letter  Relative  to  Publication  of 
Correspondence  in  Regard  to. 
640:  Report  of  Committee  of 
Board  of  Direction  Appointed  to 
Expunge  Correspondence  in  Re- 
gard to.  040. 

Refjort  of  Committee  on  Sppcial  Com- 
mittees. 73,  124,  404,  638. 

Report  of  Committee  on  Steel  Col- 
umns and  Struts,  67,  80. 

Report  of  Committee  on  Stresses  in 
Railroad  Track,  67,  100. 

Report  of  Committee  on  Valuation  of 
Public  Utilities.  67,  97. 

Report  of  Committee  to  Codify  Pres- 
ent Practice  on  tlie  Bearing  Value 
of  Soils  for  Foundations,  67,  99. 

Report  of  Committee  to  Investigate 
the  Conditions  of  Employment  of, 
and  Compensation  of.  Civil  Engi- 
neers, 67,  91  ;   Discussion  of,  92. 

Report  of  Committee  to  Recommend 
the  Award  of  Prizes,  66,  74,  79. 

Report  of  Delegates  to  Conference  on 
, Engineering    Co-Operation,    313. 

Report  of  Executive  Committee  of 
Board  of  Direction  on  Sale  or 
Lease  of  Societv  House,  039. 


REPORT. 

Report  of  Joint  Committee  on  Organ- 
ization of  an  American  Engineer- 
ing Standards  Committee,  414. 

Report  of  Library  Committee,  642, 
671. 

Report  of  Secretary,  20,  66,  78. 

Report  of  Secretary  of  Engineering 
Foundation  Board,   673. 

Re])ort  of  Secretary  on  Societv's  New 
Headquarters.' 644,   607. 

l\eport  of  Secretary  Relative  to  Cost 
of  Paneling  Rooms  in  New  So- 
ciety  Headquarters.  0;}9. 

Report  of  Secretary  Relative  to  Re- 
moval of  Library,  312. 

Report  of  Tellers  Appointed  to  Can- 
vass Ballot  for  Officers,   08,   110. 

Report  of  Tellers  Appointed  to  Can- 
vass Suggestions  for  Nominating 
Committee,    60,   79. 

Report  of  Treasurer,  23,  00,  78. 

Resolution  Authorizing  Appointment 
of  Committee  to  Communicate 
with  State  Department  Relative 
to  Indemnity  for  Death  of  Stan- 
ley Alfred  Miller,  530. 

Resolution  of  Board  of  Direction 
Relative  to  Appointment  of  Sec- 
retary by  Representatives  of  So- 
ciety on  Engineering  Council, 
040' 

Resolution  ot  Board  of  Direction 
Relative  to  Co-operation  with 
Council  of  National  Defense  in 
Consideration  of  Engineering 
Education,  042. 

Resolution  of  Board  of  Direction 
Relative  to  Discharge  of  General 
Conference  Committee  of  tlie  Na- 
tional Engineering  Societies,  640. 

Resolution  of  Board  of  Direction 
Relative  to  Enlargement  of  Joint 
Committee  on  the  Adoption  of 
the  Metric   System,   041. 

Resolution  of  Board  of  Direction 
Relative  to  Establishment  of 
Closer  Relations  witli  Canadian 
Society  of   Civil   Engineers,   642. 

Resolution  of  Board  of  Direction 
Relative  to  1917  Annual  Address 
of  President,  641. 

Resolution  of  Board  of  Direction 
Relative  to  Powers  of  Executive 
Committee,   314. 

Resolution  of  Board  of  Direction 
Relative  to  Recommendations  to 
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RESOLUTION. 


REVELL. 


Office   or   Position  bv   Officers   of 
Society,  313. 

Resolution  of  Board  of  Direction 
Relative  to  Report  of  Committee 
on  Emi)loyment  Bureau,   314. 

Resolution  of  Board  of  Direction 
Relative  to  Transfer  of  Owner- 
sliip  of  Library,  312. 

Resolution  of  Executive  Committee 
of  Board  of  Direction  Relative 
to  Remittance  of  Dues  of  Mem- 
bers during  Military  Service,  639, 
673. 

Resolution  of  San  Diego  Association 
Relative  to  Proposed  Bill  for 
Licensing  of  Architects  in  Cali- 
fornia, 313,  341. 

Resolution  of  Thanks  Extended  to 
\\'illiam  P.  Creager  for  Presen- 
tation of  Paper,  308. 

Resolution  Relative  to  Appointment 
of  Employment  Bureau,  68,  105. 

Resolution  Relative  to  Dr.  Hunt's  Ad- 
dress on  Activities  of  the  Society, 
754. 

Resolution  Relative  to  Establishment 
of  Student  Branches  of  the  So- 
ciety, 68,  103. 

Resolution  Relative  to  Proposed  Re- 
vised Constitution,  647. 

Resolution  Relative  to  Severance  of 
Relations  with  Germany,   198. 

Resolutions  of  Board  of  Direction 
Relative  to  Correspondence  in 
Regard  to  Report  of  Committee 
on  Revision  of  the  Constitution, 
311,  638. 

Resolutions  of  Board  of  Direction 
Relative  to  Representation  of 
V.  E.  S.,  etc.,  on  Engineering 
Council,  312. 

Resolutions  of  Board  of  Direction 
Relative  to  Universal  Military 
Training  and  Service,  308,  314, 
331;  Report  on  Replies  Received 
Relative  to,   640. 

Resolutions  of  Executive  Committee 
of  Board  of  Direction  Relative 
to  Drafting  or  Enlistment  of  En- 
gineering Students  for  War  Ser- 
vice,  759. 

Resolutions  of  Executive  Committee 
of  Board  of  Direction  Relative 
to  War  Revenue  Act,  672. 

Resolutions  of  Thanks  Adopted  at 
Annual  Meeting,  68,   110. 


Revell,  John. — Elected  an  Associate 
Member,  756. 

Reynolds,  Leo  Francis. — Elected  a 
Junior,  401. 

Rhodes,  Hakry  Willet. — Elected  a 
jNIember.   70. 

RiBLET,  Hakky  Gaillard. — Trans- 
ferred to  Grade  of  Associate 
Member,   637. 

Rice,  John  Marie  Thomas. — Trans- 
ferred to  Grade  of  Member,  401. 

Rice,  John  Turner. — Elected  an  As- 
sociate  Member,   756. 

Rice,  Roger  Gushing. — Transferred 
to  Grade  of  Associate  JNIember, 
037. 

Richardson,  Clifford.  —  Discussion 
by,   69,   70. 

Richmond,  W.   S. — Letter  from,  Rel- 
ative  to   Proposed   Revised    Con- 
■      stitution,    647. 

Riddle,  William  Cathcart.  — 
Elected  an  Associate  Member, 
400. 

RiDGWAY,  Arthur  0. — On  Nominat- 
ing  Conmiittee,   66,   80. 

RiDGWAY.  Robert. — Discussion  by,  2; 
On  General  Conference  Commit- 
tee of  the  National  Engineering 
Societies,    640. 

Riexinger,  Henry  Edward. — Elected 
an    Associate    Member,    247. 

Rights,  L.  D. — Presents  Progress  Re- 
port .  of  Special  Committee  on 
Steel  Columns  and  Struts,  67, 
86;  Elected  a  Director,  69,  111; 
Presides  at  Meeting,  70,  633, 
753 ;  On  Publication  Committee, 
76;    On   Library   Committee,   76. 

RiNEHART,  Charles  Ramsay.  — 
Elected  an  Associate  Member, 
397. 

Ripley,  T.  M. — Discussion  by,  69. 

RiTow,  Herman. — Elected  a  Junior, 
636. 

Road  Construction,  Special  Commit- 
tee on  Materials  for. — Progress 
Report  of,  67,  84;  Minutes  of 
Special  IMeetings  for  Discussion 
of  Report  of,  69;  Discussion  of 
Report  of,  69,  70;  Report  of  Com- 
mittee on  Special  Committeas  on 
Work  of,  and  Appropriation  for, 
125;  Minutes  of  Meetings  of,  207, 
431,  609,  688,  689. 
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ROAKK. 

ROAKK.     Stkimikn     Ai.lkn.  —  Trans- 
ferred io  Grade  of  Member,  248. 
RoiUiiNs.   F.   M. — Discussion   by,   305. 
RoBKRTs,      Li;o      RoM). — Elected      an 

Associate   Member,    756. 
RonKiiTs.       Tni:oi)OKi^       Charles.  — 

Klecled  a  IMember,  580. 
R()i!i:inso.\.  Fo.nziI';  Eugene. — Elected 

a   Jnnior,  401. 
RoBi.N.soN,  E.  F. — Address  by,  390. 
RoiiiNsoN,  John  Hakvey. — Elected  an 

Associate  Member,  71. 
Robinson,    Russei.i,    Moore. — Trans- 
ferred    to     Grade     of     Associate 

Member,  583. 
Rockwell,     Harlow     Loveiudge.  — 

P-lected     an     Associate     Member, 

635. 
Rodman,    George    Edward. — Elected 

a  Member.  755. 
RoHRER,     Grant. — Death     announced, 

2. 
Roll  of  Honor. — Action  by   Board  of 

Direction       Relative       to,       645; 

^fembers   on,   698.   776. 
RoscHE,      WiLBERT      RoBiN. — Elected 

an   Associate   ^Member,   397. 
Rose.    Alston    Orange. — Transferred 

to    Grade    of    Associate    Member, 

637. 

ROSENBAL'M,        RAYMOND       VlCTOR.    — - 

Elected     an     Associate     Member, 

581. 
RosEWAiER,    \Y.    M. — Discussion    by, 

579. 
Ross,  Andrew  Francis. — Elected  an 

Associate  Member,  400. 
Ross,     Blair     Arthur. — Elected     a 

Junior,  248. 
Rowland  Prize. — Award  of,  66,  70. 
Rudolph,  William   Edward. — Trans- 
ferred    to     Grade     of     Associate 

Member,  583. 
RuGGLES.   Glenn  A. — Elected  an  As- 
sociate  Member,   756. 
RuHLiNG,  George  Hutze. — Elected  a 

Junior.    248. 
Russell,     William     Hepbourne.  — 

Elected  a  Junior,  757. 
Russia,     Central      Board,     Engineers 

Ways    of    C'omnumications    of. — 

Cablegram   from,  645. 
Rust,  Henry  P. — Discussion  by,  395. 
Rutenberg,     p.     p. — Discussion     by, 

246. 


RYLAND. 

Ryland,  Reis  Joseph. — Elected  a 
Junior,   72. 

St.  Louis  Association. — Abstract  of 
Minutes  of  Meetings  of,  205,  685, 
686,  767. 

Salaries  of  Officers. — Authorization 
by  Board  of  Direction  of  Ex- 
planatory Foot-Note  Relative  to, 
75. 

Salle,  George  Viall. — Elected  an 
Associate  Member,   635. 

Sammelman,  Charles  William  Syl- 
vi;inus. — Elected  an  Associate 
Member,  635. 

Sanborn,  Jajies  F. — Discussion  by, 
70;  On  Committee  of  Arrange- 
ments  for   Annual   ^Meeting,    761. 

San  Diego  Association. — Abstract  of 
Minutes  of  Meetings  of,  9;  Let- 
ter from,  and  Resolution  by.  Re- 
lative to  Proposed  Bill  for 
Licensing  of  Architects  in  Cali- 
fornia, 313.  341. 

San  Francisco  Association. — Abstract 
of  Minutes  of  Meetings  of,  142, 
254,  420.  421,  533.  682. 

Sargent,  Arthur  Winthrop.  — 
Transferred  to  Grade  of  Mem- 
ber,  248. 

Sartz.  Jacob  Peter. — Elected  an  As- 
sociate  Member,   581. 

Sayers,  E.  L.,  and  a.  C.  Polk. — 
Awarded  the  Thomas  Fitch  Row- 
land Prize,  66.  79. 

Scharpenberg,  Charles  Christian. 
— Elected  an  Associate  Member, 
397. 

Scheidenhelm,  F.  W. — Paper  by, 
246;    Discussion  by,   307. 

Schmucker,  Beale  IMelancthon. — 
Elected  an  Associate  Member, 
635. 

SCHOENBERGER.    GeORGE    CHRISTIAN. 

Elected     an     Associate     Member, 

756. 
SCHOLTZ,   II.    F. — Discussion  by,   310. 
ScHULTz,   Harold  August  Hastrup. 

— Transferred    to    Grade    of    As 

sociate  Member,  398. 
Scott,     Lewis     Pelot. — Elected     an 

Associate  Member,  400. 
Scudder,  Henry  Darcy.  Jr. — Elected 

an  Associate  IMember.   756. 
Seaman.    Henry    B. — Discussion    by, 

754. 
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SEATTLE. 


SHIELDS. 


Seattle  Association.  —  Abstract  of 
INIinutes  of  Meetings  of,  147,  205. 
258,  426,  427,  608;  Report  of 
Committee  of,  On  Relations  of 
Local  Associations  to  the  Society, 
etc.,  587. 

Secrest,  Thomas  William.— Elected 
an  Associate  Member,  309. 

Secretary.— Report  of,  20,  66,  78; 
Election  of,  76;  Report  of,  Re- 
lative to  Removal  of  Library, 
312;  Report  of,  Relative  to  Cost 
of  Paneling  Rooms  in  Society's 
New  Headquarters,  639 ;  Report 
of.  On  Society's  New  Headquar- 
ters, 644,  667". 

Segura,  Valeriano.— Transferred  to 
Grade  of  Associate  Member,  398. 

Seib,  Charles  Bach. — Transferred 
to  Grade  of  Associate  Member, 
310. 

Sell,  William  Osborne. — Elected  a 
Junior,    72. 

Sessler,  Grover  Cleveland.  — 
Elected  an  Associate  Member,  71. 

Seward,  Harold  Clinton. — Elected 
a  Junior,  72. 

Sexton,  George  Francis. — Elected  a 
Junior,   398. 

Se.kton,  John  Roderick. — Elected  an 
Associate  Member,   247.    . 

Shaffer,  Ivan  Oscar. — Elected  an 
Associate  Member,   635. 

Shailer.  R.  a. — Discussion  by,  70. 

Sharp,  Herbert  Moore.— Elected  an 
Associate  Member,  581. 

Sharp.  Homer  J. — Transferred  to 
Grade  of  Associate  Member,  583. 

Sharples,    p.    p.— Discussion    by,   69. 

Shaw,  Clark  H. — Paper  by,  307. 

Shaw,  Percy  Augusti's. — Trans- 
ferred to  Grade  of  Member,  401. 

Shea,  William  Edward. — Elected  a 
Junior,  398. 

Shenehon,  F.  C. — On  Committee  of 
Arrangements  for  Annual  Con- 
vention,  252. 

SiiEPARD,  George  Wilson. — Elected 
an   Associate  Member,   400. 

SiiEPPERD,  Thomas  Shackelford. — 
Transferred  to  Grade  of  Member, 
401. 

Sherman,  James  Hilton. — Elected 
an  Associate  Member,  397. 

Shibley,  Kenneth. — Elected  an  As- 
sociate Member,  635. 


Shields,  James  Ralph.  —  Trans- 
ferred to  Grade  of  Associate 
:\Iember,   249. 

Shikles.  James  Wallace. — Elected 
a  Member,  580. 

Shimer,  Harry  Woodworth.  — 
Elected  an  Associate  Member, 
581. 

Shipley,  Robert  Earle. — Elected  an 
Associate  Member,  635. 

Sigler,  Elmer. — Elected  an  Asso- 
ciate  Member,   397. 

Silagi,  Eugene  Adalbert. — Elected 
an  Associate  Member,  400. 

SiMsoN,  David. — Death  announced, 
399. 

SissoEFF,  Sergei  Nicolaevitch. — 
Elected   a  Member,  246. 

Slaymaker,  Charles  Monroe.  — 
Elected  an  Associate  Member, 
309. 

Sloane,  Fred  Mathews. — Elected  an 
Associate  Member,  71. 

Smallman,  Ralph  Alcorn. — Trans- 
ferred to  Grade  of  Associate 
iMember,  249. 

Smith,  C.  E. — Awarded  the  J.  James 
R.  Croes  Medal,  66,  79. 

Smith,  Donald  Abram. — Elected  a 
Junior,  757. 

Smith,  Earl  Audie. — Transferred  to 
Grade  of  Associate  Member,  583. 

Smith,  Elroy  George. — Transferred 
to  Grade  of  Associate  Member, 
310. 

Smith,  James  Leo. — Elected  a 
Junior,  72. 

Smith,  Maxwell  Waide. — Elected 
an  Associate  Member,  309. 

Smith,  Ralph  Robert. — Elected  a 
Junior,  757. 

Smith,  Robert  Alexander  Chi- 
QUENO. — Elected  an  Associate, 
581. 

Smith,  Roy  Elmer. — Transferred  to 
Grade  of  Associate  Alember,  310. 

Smith,  Victor  Charles. — Elected 
an   Associate   Member,   247. 

S^[ITH,   W.   F." — Discussion   by,    2. 

Smith,  Walter  Grover. — Elected  an 
Associate  Member,  581. 

Smith,  Willi.-^m  Stuart. — Death  an- 
nounced, 73. 

Smyth,  Arthur  Porter.  —  Trans- 
ferred to  Grade  of  Associate 
Member,  73. 
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SXEEDEK. 


STAEHLE. 


Sneeukn.  .Ikan-Baptiste  Octave. — 
Eloc'tod  !i  .lunior.  757. 

Society  IK'udtniartors. — Report  of 
Secretary  Relative  to  Cost  of 
l*aii(>lin<j  Rooms  in.  (i.S!);  Report 
of  Secretary  on,  644,  G67. 

Society  House. — Report  of  Executive 
Committee  of  Board  of  Direction 
on  Sale  or  Lease  of.  G;^9. 

Societv  Items  of  Intirest.  3,  124, 
250,  315,  403,  584.  048,   75!). 

Society.  Olficers  of  the. — Authoriza- 
tion by  Board  of  Direction  of 
Explanatory  Foot-Note  Relative 
to  Salaries  of,  75;  Resolution  of 
Board  of  Direction  [Relative  to 
Recommendations  to  OlHce  or 
Position  by,  313. 

Society,  Student  Branches  of  the. — 
Resolution  Relative  to  the,  68, 
103. 

Soils  for  Foundations,  etc.,  Special 
Committee  to  Codify  Present 
Practice  on  the  Bearing  Value 
of. — Progress  Report  of.  67,  99; 
Report  of  Committee  on  S])ecial 
Committees  on  Work  of,  and  Ap- 
propriation for,  126;  Minutes  of 
Meetings  of,  429. 

SoxDERfXGER,  A.  L. — Paper  by,   634. 

Southern  California  Association. — 
Abstract  of  Minutes  of  Meetings 
of,   9,   538,   687. 

Si'ALDiXG.  Walter  James. — Trans- 
ferred to  Grade  of  Member,  401. 

Speakmax.  Richard  Edward. — Death 
announced,   583. 

Spear,  Roy  Elbert. — Elected  an  As- 
sociate Member,  247. 

Spear,  W.  E. — Discussion  by,    197. 

Spexce.  David  Wexdel. — Deatli  an- 
nounced, 530. 

Spe.xckk,  Herbert. — Discussion  bv. 
69. 

SpERRY,  Al'stix  Russell  Willard. — 
Transferred  to  Grade  of  Asso- 
ciate Member,  73. 

Spokane  As.sociation. — Abstract  of 
Minutes  of  Meetings  of,  149,  207, 
428. 

Sprague,  Hugh  Max. — Elected  an 
Associate   Member,   581. 

Spilsbury,  E.  Gyrbox. — Address  by, 
754. 

Stabler.  Hermax.  —  Transferred  to 
Grade  of  Member.  757. 


Staehle,  Gilbert  Cobb.  —  Trans- 
ferred to  Grade  of  Associate 
Member,  758. 

Standards,  American  Engineering. — 
Ajipointment  of  Representatives 
of  Society  at  Joint  Conference  on, 
74;  Report  of  Joint  Conimittee 
on  Organization  of  Committee 
on,  414. 

Staxdlsu,  Seymour. — Elected  an  As- 
sociate  Member,   309. 

Staxieori),  Charles  W. — Paper  bv, 
199. 

Staxton,  Ciiaui.es  Beeciier.  — 
Elected  a    Member,   70. 

Staxtox,  \\'illiam  Lewis. — Elected 
a  Junior,  401. 

Starkweather,  Alkred  Kexneth. — 
Transferred  to  Grade  of  Asso- 
ciate  Member,   583. 

Starr,  Rex  Cameron. — Transferred 
to  Grade  of  Member,  398. 

Stava,  William.  —  Transferred  to 
Grade  of  Associate  Member,  637. 

Stearns,  Frederic  P. — Presents  Final 
Report  of  Special  Committee  on 
Valuation  of  Public  Utilities.  67, 
97. 

Steel  Columns  and  Struts,  Special 
Committee  on. — Progress  Report 
of,  67,  86;  Report  of  Committee 
on  Special  Committees  on  Work 
of,  and  Appropriation  for,  125; 
Minutes  of  Meetings  of,  150.  432, 
689 ;  Resignation  of  Member  of. 
Accepted  313;  Appropriation  for 
Work  of,  639. 

Steele,  Isaac  Cleveland. — Elected 
an  Associate  Member,  397. 

Steinhauser,  Harry  Herman.  — 
Transferred  to  Grade  of  Asso- 
ciate  Member,   249. 

Steinman,  D.  B. — Paper  by.  753. 

Stem,  Clifford  Hoey. — Elected  a 
Junior,  309. 

Stephens,  Uel. — Elected  a  Junior, 
72. 

Sterlixg.  Guy. — Elected  a  Member. 
70. 

Stern,  E.  W. — Discussion  by,  69.  70. 

Stevexs,  E.  a. — Discussion  of,  69, 
70. 

Stevexs,  H.  E. — On  Committee  of 
Arrangements  for  Annual  Con- 
vention, 252. 
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STEVENS. 


SWINTON. 


Stevens,    John    F. — On    Engineering 

Council,  644;    Cable  from,  645. 
Stevens,       Samuel      Spaulding.   — 
Elected     an     Associate     Member, 
635. 

Stevenson,  Markley. — Elected  an 
Associate  Member,  581. 

Stofflet,  Herbert  Miller. — Elected 
an  Associate  Member,  635. 

Stone,  Solon  Jones. — Elected  a 
Member,  755. 

Stott,  Henry  Gordon. — Death  an- 
nounced, 73. 

Strachan,  Norman  Eraser.  — 
Elected  a  Junior,  636. 

Straney,  John  William. — Elected 
an  Associate  Member,  581. 

Strehan,  George  E.,  and  Harold 
Perrine. — Awarded  the  Colling- 
wood   Prize,   66,   79. 

"Stress  Measurements  on  the  Hell 
Gate  Arch  Bridge,"  presented 
and   discussed,  753. 

Stresses  in  Railroad  Track,  Special 
Committee  on.  —  Progress  Re- 
port of,  67,  100;  Report  of  Com- 
mittee on  Special  Committees  on 
Work  of,  and  Appropriation  for, 
127;  Minutes  of  Meetings  of, 
260,  689;  Resignation  of  Mem- 
ber of,  Accepted,  313. 

Stuart.  Edward. — Elected  an  Asso- 
ciate Member,  635. 

Stuart,   F.  L. — Discussion  by,   70. 

Student  Branches  of  the  Society; — 
Resolution  Relative  ti  Estab- 
lishment of,  68,  103. 

Students,  Engineering. — Resolutions 
of  Executive  Committee  Relative 
to  Drafting  or  Enlistment  of, 
759. 

Sutton,  David. — Elected  an  Asso- 
ciate Member,  756. 

Sm'ain,  George  F. — On  Engineering 
Council,   644. 

Swanker,  John  Edward. — Death  an- 
nounced, 637. 

SwANSox,  William  Robert.  — 
Elected  a  Junior,  401. 

SwAREN,  John  William. — Elected 
an  Associate  Member,  400. 

SwARTZ,  Leon.  —  Transferred  to 
Grade  of  Associate  Member,  637. 

Sweetser,  Ernest  Osgood. — Elected 
an  Associate  Member,  756. 

SwEM,  Amzi  Raymond. — Elected  an 
Associate   Member,   309. 


SwiNTON,  Roy  Stanley.  —  Trans- 
ferred to  Grade  of  Associate 
Member,  583. 

Syrktt,  Walter  Sutton. — Elected  a 
Member,  580. 


Taber,  Rock  Granite. — Elected  an 
Associate  Member,  400. 

Takahashi,  Seislke. — Elected  an 
Associate  Member,  71. 

Talbot,  Arthur  N. — Presents  Pro- 
gress Report  of  Special  Com- 
mittee on  Stresses  in  Railroad 
Track,  67,  100;  Nominated  as 
President,    603. 

Tamm,  Alfred. — Elected  an  Associate 
Member,  756. 

Tandrow,  Walter  S  t  e  p  h  e  n. — 
Elected  an  Associate  Member,  71. 

Tappan.  Roger. — Death  announced,  2. 

Tate,  Robert  L'Hommedieu. — Trans- 
ferred to  Grade  of  Associate 
Member.  310. 

Taussig,  John  Wright. — Transferred 
to  Grade  of  Associate  Member, 
758. 

Taylor,  Arthur. — Elected  an  Asso- 
ciate  Member,   247. 

Taylor,  George  Blaney. — Trans- 
ferred to  Grade  of  Associate 
Member,   249. 

Taylor,  Harold  Alexander.  — 
Elected  an  Associate  Member, 
309. 

Taylor,  Henry,  and  W^illiaai  G. 
Grove. — Awarded  the  James 
Laurie   Prize,   66,   79. 

Teixeira  De  Mello,  Josii:  Alexandre. 
— Elected  a  Junior,   636. 

Thaxton,  Rufus  Carroll. — Elected 
an  Associate  Member,   581. 

Tellers. — Appointment  of.  To  Canvass 
Ballot  for  Officers,  65,  78;  Re- 
port of,  On  Suggestions  for 
Nominating  Committee,  G6,  79; 
Report  of,  On  Ballot  for  Officers, 
68,   110. 

"Tests  of  Concrete  Specimens  in  Sea 
Water,  at  Boston  Navy  Yard", 
presented  and  discussed,   2. 

"The  Activities  of  the  American  So- 
ciety of  Civil  Engineers  During 
the  Past  Twenty-five  Years,"  pre- 
sented,  754. 

"The  Cape  Cod  Canal",  presented  and 
discussed,    583. 
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THE. 


'ITIOMSON. 


"Tlie  If.-Il  (iatf  Aicli  Uri.lfio  and  Ap- 
pidiiclu^s  of  tlie  New  ^'ork  Con- 
iiectinj;  Kailniad  Over  tlie  East 
River  in  New  Yori<  City,"  pre- 
sented and  discussed,  753. 

"The  Lock  12  Development  of  the 
Alabama  Power  Company,  Coosa 
River,  Alabama."  Awarded  the 
'J'liomas  Fitoh  Rowland  Prize,  G6, 
7i). 

"The  Possibilities  in  Bridge  Construc- 
tion by  the  Use  of  High- Alloy 
Steels,"  awarded  the  Norman 
Medal,   06,    79. 

"The  Present  Situation  of  the  Great 
\^'ar,"  Address  on,  245. 

"The  Reconstruction  of  the  Stony 
River  Dam,"  presented  and  dis- 
cussed, 24(). 

"The  Subsidence  of  ^fuck  and  Peat 
Soils  in  Southern  Louisiana  and 
Florida,"  presented  and  dis- 
cussed, 637. 

"The  Three  Lj-Cubic  Yard  Dipper- 
Dredges,  Gamboa,  Paraiso,  and 
Cascaxlas,  as  Supplied  and  Used 
on  the  Panama  Canal,"  presented 
and  discussed,  57!). 

"The  Valuation  of  Land,"  presented 
and  discussed,   L 

"The  ^^'ater  Supply  of  Parkersburg, 
\V.  Va.",  presented  and  discussed, 
197. 

"The  Work  of  the  22d  N.  Y.  En- 
gineers on  the  Mexican  Border", 
Address  on,   399. 

THOAf,  Neil,  Jr. — Transferred  to 
Grade  of  Associate  Member,  402. 

Thomas,  Charles  Cofran  Hubbard. 
— Elected  an  Associate  ]\lember, 
71. 

Thoma.s,  Charles  Randolph.  — 
Transferred  to  Grade  of  Asso- 
ciate  Jlember,  249. 

Thomas,  R.  D. — On  Committee  of 
Arrangements  for  Annual  Con- 
vention.  252. 

TiiOMP.sox.  Sanfoud  E. — Discussion 
by,  70. 

TnoM.sox.  R.  H. — Elected  a  Director, 
69,   111. 

THOirsox,  Samuel  Forsythe.  — 
Death   announced,   73. 

Thomson,  T.  Kexnard. — Presides  at 
Meeting,  1;  Discussion  by,  2,  70, 
197.  199,  308,  583,  633,  637;  Ad- 
dress by,  754. 


TnoArso.x,  William  Stewart.  — 
P^Iected  a  Member,  246. 

Thornton,  Louis  Earle. — Elected  an 
Associate  Member,  400. 

TiBBETTs,  Frederick  Houace.  — 
Transferred  to  Grade  of  Mem- 
ber, 582 

TiDD,  Harry. — Transferred  to  Grade 
of  Associate  IMember,  583. 

TiLLSON,  George  W. — Presents  Prog- 
ress Report  of  Special  Com- 
mittee on  ^laterials  for  Road 
Construction,  67,  84;  Elected 
Treasurer,  69,  111;  Presides  at 
Meeting,  69;  Discussion  by,  70; 
On  Committee  on  Special  Com- 
mittees, 76;  Nominated  as  Treas- 
urer,   003. 

Tinker,  George  H. — Discussion  by. 
On  Relations  of  Local  Associa- 
tions to  the  Society,  etc.,  585. 

TiNKHAM,  S.  E. — On  Committee  to 
Recommend  the  Award  of  Prizes, 
04.5. 

TiNSLEY,  Robert  Bruce. — Trans- 
ferred to  Grade  of  Member,  636. 

ToLMAN,  Edward  Mayo. — Transferred 
to  Grade  of  Associate  Member, 
583. 

Topping,  Perry.  —  Transferred  to 
Grade  of  Member,  582. 

Torpen,  Bernhardt  E. — Elected  an 
Associate  Member,  309. 

Treasurer. — Report  of,  23,  66,  78. 

Tret'Ten,  Otto  Christian. — Elected 
an    Associate    Member,    397. 

Trost,  Adolpiius  Gustavus. — Trans- 
ferred to  Grade  of  Member,  401. 

Trost,  Paul  Anthony. — Elected  a 
Member,  399. 

Trott,  David  (rooker.— Transferred 
to   Grade  of  Member,  582. 

Trueiieart.  Edward  Garland.  — 
Elected  a  ^Member,  246. 

Tbuesdell,  Stephen  Riggs. — Elected 
a  Junior,  636. 

Tullock,  Hubert  Southwick.  — 
Transferred  to  Grade  of  Mem- 
ber,  401. 

Turner,  Nathaniel  Parker. — Trans- 
ferred to  Grade  of  Member,  582. 

Tuttle,  Arthur  S. — On  Committee 
of  Arrangements  for  Annual 
Meeting,  701. 

Tyson,  William  Claude. — Elected 
an  Associate  Member,   397. 
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UNITED. 

Tnited  Engineering  Building.  — 
Statement  Relative  to  Work  on 
Addition  to,  74;  Letter  Relative 
to  Increased  Cost  of  Addition  to, 
74;  First  Meeting  of  Society  in, 
637. 

I'nited  Engineering  Society. — Ap- 
pointment of  Representative  of 
Society  on  Board  of,  74;  Terms 
of  Representatives  of  Society  on. 
Fixed,  74;  Appointment  of 
Representatives  of  Society  on 
Library  Board  of,  76;  Telegram 
from,  To  President  of  the  United 
States,  Supporting  Intei-national 
Policy  and  Offering  Assistance 
toward  Organization  of  Engi- 
neers for  Service,  135;  Extracts 
from  Annual  Report  of  Presi- 
dent of,  250;  Resolution  Relative 
to  Transfer  of  Ownership  of 
Library  of  Society  to,  312; 
Amendments  to  By-Laws  of, 
Relative  to  Formation  of 
Engineering  Covmcil,  312,  342; 
Resolutions  Relative  to  Represen- 
tation of.  On  Engineering  Coun- 
cil, 312;  Accessions  to  Library 
of.  436,  541,  612,  692,  771. 

United  States  Coast  and  .Geodetic 
Survey. — Letter  from,  Relative 
to  Status  of  Personnel  of,  403. 

United  States  Department  of  Com- 
merce.— Letter  from  Secretary 
of,  Relative  to  Economy  in  Food 
Resources   of    Country,    313,    333. 

United  States  Military  Service.  • — ■ 
Resolution  of  Execiitive  Com- 
mittee of  Board  of  Direction 
Relative  to  Remittance  of  Dues 
of  Mem'bers  in,   639. 

United  States  Ordnance  Department. 
— Request  of.  For  Mechanical 
Draftsmen,  632. 

United  States,  President  of. — Tele- 
gram to.  From  National  Engi- 
neering Societies  and  United 
Engineering  Society,  Supporting 
International  Policy  and  Offering 
Assistance  toward  Organization 
of  Engineers  for  Service,  135; 
Letter  from.  Relative  to  Cable- 
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IMPROVEMENTS 


Bv  F.  W.  Gardiner  and  S.  Joiiannesson, 

Members,  Am.  Soc.  C.  E. 
To  BE  Presented  February  Gtii,  1918. 


Synopsis 

The  work  under  the  Manhattan  Elevated  Railway  Improvements 
was  authorized  in  1913,  and  involved  in  general  the  addition  of  a  single 
continuous  express  track,  with  express  stations,  to  the  Second,  Third, 
and  Ninth  Avenue  elevated  railway  lines  in  the  City  of  New  York, 
operated  by  the  luterborough  Rapid  Transit  Company.  The  work 
included  the  building  of  23  miles  of  single-track  elevated  structure, 
the  erection  of  about  50  000  tons  of  steel,  the  building  of  638  founda- 
tions, and  the  construction  or  reconstruction  of  29  stations,  most  of 
the  work  being  in  city  streets  often  congested  with  traffic.  The  traffic 
on  the  elevated  railway  lines  was  maintained  according  to  the  regular 
schedule  throughout  the  period  of  reconstruction. 

After  giving  a  short  history  of  elevated  railroad  construction  in 
New  York  City,  the  paper  describes  first  the  design  of  the  steel  struc- 
ture, the  details  of  which  were  worked  out,  keeping  in  mind  the 
necessity    of    making    possible    the    erection    without    interruption    of 


Note. — These  papers  are  Issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  numbor  of  I'rocvcdiiifis.  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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traffic.  Next  is  described  the  foundation  work,  which  not  only  included 
the  building  of  foundations  in  new  locations,  but  also  the  removal  and 
reconstruction  of  foundations  under  the  existing  structure  carrying 
traffic.  The  method  of  erection  is  next  described,  involving  in  several 
cases  partial  or  complete  removal  of  the  existing  structure  and  replac- 
ing it  with  a  new  structure,  and  at  all  times  maintaining  traffic.  The 
work  also  involved,  at  certain  places,  raising  the  existing  structure 
and  moving  it  sidewise,  while  trains  were  being  operated,  and  the 
replacement  of  a  three-span  bridge  across  the  Harlem  River  with  a 
new  bridge.  The  paper  also  describes  the  reconstruction  of  the  sta- 
tions, including  the  two  standard  types  of  express  stations  xised:  the 
"hump"  type,  which  required  the  center  track  to  be  raised  above  the 
level  of  the  local  tracks  so  that  the  platforms  for  serving  the  express 
track  could  be  placed  above  the  local  tracks,  and  the  "mezzanine"  type, 
which  had  two  island  platforms  and  a  mezzanine  station  under  the 
level  of  the  tracks.  The  paper  further  describes  the  plant,  the  method 
of  selecting  the  contractors,  and  the  cost  of  the  work;  and,  finally,  an 
account  is  given  of  the  accidents  that  happened  during  the  work. 


History  of  the  Manhattan  Railway  Company's  System. 

Elevated  railroad  construction  in  New  York  City  was  commenced 
on  July  1st,  1867,  when  "The  West  Side  and  Yonkers  Railway  Com- 
pany" started  to  erect  an  experimental  section  on  Greenwich  Street 
between  Battery  Place  and  Cortlandt  Street.  This  section  was  com- 
pleted on  July  2d,  1868,  and  was  a  single-track  railroad.  The  line  was 
extended  as  a  single-track  road  through  Greenwich  Street  and  Ninth 
Avenue  to  30th  Street  during  the  following  2  years,  and  was  opened 
for  traffic  on  February  14th,  1870.  The  structure  was  on  the  east  side 
of  the  street  through  Greenwich  Street  and  on  the  west  side  through 
Ninth  Avenue.  The  trains  were  operated  by  an  endless  chain,  driven 
by  stationary  engines  below  the  surface  of  the  street,  at  Cortlandt, 
Franklin,  Bank,  and  Twenty-second  Streets. 

This  method  of  traction  did  not  prove  successful,  and  traffic  was 
abandoned  in  November,  1870,  but  was  resumed  again  on  April  20th, 
1871,  using  a  dummy  engine,  the  "Pioneer",  weighing  5  tons  and  draw- 
ing three  cars. 
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In  the  fall  of  1871  tlie  bondliolders  of  the  Company  organized  under 
the  General  Railroad  Laws  as  "The  New  York  Elevated  Eailroad 
Company." 

In  October,  1872,  the  company  issued  a  circular,  in  which  it  was 
stated : 

<i*  -x-  *  -^g  jjQ^  take  and  receive  passengers  at  Morris,  Dey, 
Canal,  Twelfth,  and  Twenty-ninth  Streets.  We  run  four  unique, 
elegantly  finished  and  furnished  cars,  made  expressly  for  our  road, 
capable  of  seating  44  passengers  each,  and  we  take  no  more  than  can 
be  seated.  We  are  frequently  compelled  to  refuse  passengers  after  our 
cars  are  full.  We  carry  about  1  300  daily.  *  *  *  We  believe  we 
are  developing  what  will  enhance  the  value  of  real  estate,  solve  the 
problem  of  quick  transit,  relieve  our  over-crowded  streets  and  side- 
walks, be  of  great  public  service,  and  a  successful  paying  enterprise. 

During  the  following  years,  the  line  was  gradually  extended  north- 
ward on  Ninth  Avenue,  in  1873  to  34th  Street,  in  1875  to  42d  Street, 
and  in  1876  to  59th  Street.  In  1877  a  double-track  extension  was  built 
to  South  Ferry,  and  during  1878  a  double  track  was  completed  and 
opened  for  traffic  over  the  whole  line.  At  the  same  time  the  rolling 
stock  was  increased,  consisting,  in  1874,  of  10  cars  and  6  engines  and, 
in  1876,  of  21  cars  and  15  engines. 

The  original  structure  on  the  east  side  of  Greenwich  Street  and  on 
the  west  side  of  Ninth  Avenue  between  Battery  Place  and  59th  Street 
was  torn  down  in  sections  and  replaced  by  a  new  structure,  which  was 
completed  in  May,  1880. 

In  October,  1877,  the  New  York  Elevated  Railroad  Company  com- 
menced the  construction  of  the  Third  Avenue  Line,  and  opened  it  for 
trdffic  on  August  26th,  1878,  between  South  Ferry  and  42d  Street. 
The  line  was  extended  and  opened  for  traffic  to  129th  Street  before 
the  end  of  the  year.  The  42d  Street  branch  to  Grand  Central  Sta- 
tion was  also  opened  in  August,  1878;  the  City  Hall  branch,  from 
Chatham  Square  to  City  Hall,  was  completed  in  March,  1879,  and  the 
34th  Street  branch  to  the  East  River  was  opened  in  July,  1880. 

Another  company,  the  Metropolitan  Railway  Company,  formerly 
called  the  Gilbert  Elevated  Railway  Company,  in  the  spring  of  1876 
commenced  to  construct  what  is  now  called  the  Sixth  Avenue  Line, 
between  Morris  Street  and  59th  Street,  but  became  involved  in  legal 
difficulties,  and  the  road  was  not  opened  until  June,  1878.     The  same 
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company  opened  the  line  through  53d  Street  from  Sixth  to  Ninth  Ave- 
nues and  the  line  in  Xinth  and  Eighth  Avenues  from  59th  to  155th 
Streets  in  1878. 

The  Metropolitan  Elevated  Railway  Company  also  constructed 
an  east-side  line  from  Chatham  Square  through  Division  Street,  Allen 
Street,  and  First  Avenue  to  19th  Street,  which  was  opened  in  Sep- 
tember, 1879;  the  remainder  of  the  line — which  is  now  the  Second 
Avenue  Line — to  129th  Street,  was  opened  in  1880. 

In  May,  1879,  the  New  York  Elevated  Railroad  Company  and 
the  Metropolitan  Elevated  Railway  Company  were  leased  to  the  Man- 
hattan Railway  Company  (first  organized  in  November,  1875),  for 
999  years,  "in  order,  by  means  of  one  management,  to  avoid  dangers  of 
level  crossings  and  also  to  perfect  the  system  of  Rapid  Transit."  This 
was  known  at  the  time  as  the  Tripartite  Agreement  of  May  20th,  1879. 

The  authorized  rates  of  fares  at  that  time  were  10  cents  for  any 
distance  of  less  than  5  miles,  and  not  to  exceed  15  cents  for  a  through 
passage  between  the  Battery  and  the  Harlem  River,  except  on  ''Com- 
mission Trains",  which  ran  between  5.20  and  7.20  a.  m.  and  between 
5  and  7  p.  m.,  when  the  corresponding  rates  were  5  and  7  cents.  The 
5-cent  fare  was  introduced  for  all  hours  on  all  lines  on  November  1st, 
1886.  It  is  interesting  to  note  that  as  early  as  January  20th,  1879, 
the  collection  of  tickets  by  the  conductors  was  abolished,  the  passengers 
on  and  after  that  date  depositing  their  tickets  in  the  ticket  boxes  pro- 
vided at  the  exit  gates,  on  leaving  the  trains.  This  was  changed  on 
June  21st,  1880,  to  the  present  method  of  depositing  the  tickets  in 
canceling  boxes  at  the  entrance.  ^ 

Another  elevated  railroad  company,  the  Suburban  Rapid  Transit 
Company,  was  originally  chartered  in  October,  1880,  but  did  not  com- 
mence construction  until  November,  1883,  when  the  work  on  the  founda- 
tions for  the  Harlem  River  Bridge  at  129th  Street  and  Second  Avenue 
was  started.  The  road  was  opened  for  traffic  between  128th  and  143d 
Streets  in  1886,  extended  to  lG6th  Street  and  Third  Avenue  in  1887, 
to  169th  Street  in  1888,  and  to  l77th  Street  in  1891.  The  line  from 
177th  Street  to  Fordham  Road  was  opened  in  July,  1901,  and  from 
Fordham  Road  to  Bronx  Park  in  May,  1902. 

On  June  4th,  1891,  the  Manhattan  Railway  Company  assumed 
control  of  the  Suburban  Rapid  Transit  Company,  and  from  that  date. 
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therefore,  w:is  in  possession  of  all  the  elevated  lines  in  Manhattan  and 
The  Bronx. 

During  1899  to  1901,  the  whole  system  was  equipped  for  electric 
traction,  and  since  June  25th,  1903,  all  trains  have  been  run  by  elec- 
tric motive  power. 

On  April  1st,  1!H);>,  the  ]\ranhattan  Railway  Company  leased  the 
system  to  the  Interborough  liapid  Transit  Company,  wliieh  since  then 
has  operated  the  lines. 

General  Description. 

Scope  of  ^^orlc. — The  "Manhattan  Elevated  Improvements"  were 
authorized  by  a  certificate,  dated  March  19th,  1913,  issued  by  the  Pub- 
lic Service  Commission  of  the  First  District,  State  of  New  York,  to 
the  Interborough  Rapid  Transit  Company,  and  formed  part  of  a  com- 
prehensive scheme  for  rapid  transit  railroads  in  the  City  of  New  York. 
"Manhattan  Elevated  Improvements"  involved  in  general  the  addition 
of  a  single  continuous  express  track,  with  express  stations,  to  the 
Second,  Third,  and  Ninth  Avenue  Elevated  Lines  of  the  Manhattan 
Railway  Company,  operated  by  the  Interborough  Rapid  Transit  Com- 
pany. 

Before  these  improvements  were  completed,  there  existed  in  certain 
places  on  all  the  lines  a  center-track  construction,  and  partial  express 
service  was  in  operation  on  the  Third  and  Ninth  Avenue  lines;  the 
"Manhattan  Elevated  Improvements"  provided  for  a  continuous  ex- 
press service  during  the  rush  hours,  down,  town  in  the  morning  and 
up  town  in  the  evening.  Two  express  tracks,  of  course,  would  have 
been  better  than  one,  but  the  cost  of  providing  them  would  have  been 
prohibitive,  as  it  would  have  meant  actually  rebuilding  completely  the 
'  existing  lines,  and,  in  addition,  it  is  doubtful  if  a  permit  would  have 
been  granted  for  a  continuous  four-track  structure,  on  account  of  the 
objections  of  property  owners.  The  single  express  track  serves  the 
purposes  for  which  it  was  intended,  namely,  to  carry  the  largest  num- 
ber of  people  speedily  to  and  from  their  places  of  business,  and  to 
relieve  congestion  on  the  existing  tracks.  The  congestion  is  never  due 
to  the  operation  of  trains  on  the  running  track,  but  entirely  to  the 
stopping  at  stations;  the  more  passengers  there  are  to  take  or  leave 
a  train  at  a  platform,  the  longer  the  train  has  to  stop  at  the  station;  if 
the  number  of  passengers  reaches  more  than  a  certain  limit,  the  length 
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of  the  stop  increases  at  a  much  greater  ratio  than  the  number  of  pas- 
sengers. The  single  express  track  relieves  the  condition  of  doubling 
the  platform  capacity  for  train  service  at  the  points,  and  at  the  time, 
of  greatest  congestion.  The  express  trains,  of  course,  return  on  the 
local  tracks,  but,  as  they  return  empty,  in  the  direction  of  light  traffic, 
no  congestion  is  produced  by  them. 

Trade  Changes  at  Junction  Points  and  Terminals. — As  just  stated, 
the  general  purpose  of  the  work  was  to  provide  a  single  continuous 
express  track  in  addition  to  the  existing  local  tracks.  This  work,  how- 
ever, involved  generally  at  junction  points  and  terminals,  extensive 
track  changes,  which  again  necessitated  considerable  changes  in  the 
structure.  This  applies  particularly  to  the  jvmction  points  at  Chatham 
Square,  at  129th  Street  and  Second  Avenue,  at  53d  Street  and  Ninth 
Avenue,  and  to  the  terminals  at  City  Hall  and  at  155th  Street  and 
Eighth  Avenue. 

At  Chatham  Square,  the  Second  and  Third  Avenue  Lines  intersect. 
Before  the  reconstruction,  the  Second  Avei:iue  trains  continued  to 
South  Ferry  and  the  Third  Avenue  trains  either  to  South  Ferry  or 
City  Hall.  There  was  a  station  just  north  of  Chatham  Square,  in  the 
Bowery,  for  all  Third  Avenue  trains,  and  another  at  the  east  side  of 
Chatham  Square  for  all  South  Ferry  trains.  It  was  desired,  as  a  part 
of  the  reconstruction  work,'  to  continue,  in  addition,  the  Second  Avenue 
Line  to  City  Hall.  The  express  tracks,  both  on  the  Second  and  Third 
Avenue  Lines,  stop  just  north  of  Chatham  Square,  but,  nevertheless, 
the  new  track  layout  contains  eight  tracks  through  Chatham  Square, 
two  of  which  were  overliead  in  order  to  avoid  the  dangers  and  delays 
due  to  grade  crossings.  The  new  track  layout  in  this  vicinity  is  shown 
on  Fig.  1.  Commencing  at  City  Hall  Station,  the  Third  Avenue 
tracks  run  on  the  lower  deck  past  a  new  island  platform  at  the  west 
side  of  Chatham  Square.  Just  north  of  this  platform  they  divide  into 
three  tracks — one  for  the  express  trains — and  continue  north  through 
the  Bowery.  The  Second  Avenue  tracks  start  on  the  upper  deck  at 
City  Hall  Station,  but  come  down  to  the  lower  grade  when  reaching 
Chatham  Square,  and  run  past  a  platform  parallel  to  the  Third  Avenue 
City  Hall  platform  into  Division  Street,  where  they  divide  into  three 
tracks — one  for  the  express  trains.  On  the  South  Ferry  Branch,  the 
Second  Avenue  Line  takes  the  old  tracks  past  the  old  station  at  the 
east  side  of  Chatham  Square  and  connects  with  the  Second  Avenue 


Papers.]       MANHATTAN   ELEVATED   RAILWAY    IMPROVEMENTS 


2049 


^    S 


2050  MANHATTAN   ELEVATED   EAILWAY   IMPROVEMENTS      [Papers. 

tracks  from  City  Hall  at  Division  Street.  The  Third  Avenue  tracks 
from  South  Ferry  turn  out  from  the  old  tracks  just  north  of  Franklin 
Square  Station  and,  rising  above  the  grade  of  the  old  tracks,  run  past 
a  new  platform  above  the  platform  of  the  old  east  station  at  Chatham 
Square,  and,  after  crossing  above  the  Second  Avenue  Line,  run  into 
the  Bowery  between  the  local  and  express  tracks  connecting  to  City 
Hall,  and  after  descending  to  the  level  of  these  tracks,  connect  with 
them  just  south  of  Canal  Street  Station. 

Another  junction  of  the  Second  and  Third  Avenue  Lines  occurs 
at  129th  Street  and  Second  Avenue  (see  Plate  XLIV).  At  129th  Street 
there  is  also  a  yard  for  the  Second  and  Third  Avenue  trains.  From 
north  of  125th  Street  Station  on  the  Third  Avenue  Line  to  129th 
Street  there  existed,  before  the  reconstruction,  three  tracks,  the  center 
one  being  the  up-town  main  track  and  the  east  one  a  yard  track.  It 
was  desired  to  retain  these  and  to  add  an  express  track.  The  new 
express  track,  therefore,  starts  to  rise  south  of  125th  Street  Station  and 
continues  above  the  center  track  to  129th  Street  and  through  129th 
Street  above  the  existing  platform  and  tracks  to  a  junction  with  the 
upper  deck.  Second  Avenue  tracks.  In  Second  Avenue  a  three-track 
line  continues  to  the  north  end  of  the  new  125th  Street  Station.  At 
this  point  the  three  tracks  divide  into  four,  the  two  outside  continuing 
on  the  lower  deck  and  connecting  with  the  yard  and  with  the  local 
tracks  of  the  Third  Avenue  Line.  The  two  inside  tracks  rise  above  the 
grade  of  the  lower  deck  and  connect  with  the  express  track  of  the  Third 
Avenue  Line.  This  four-track  line,  at  129th  Street  and  Second  Avenue, 
then  runs  across  the  New  Harlem  River  Bridge,  with  two  of  the  tracks 
on  the  lower  and  two  on  the  upper  deck,  and  continues  thus  as  a  double- 
deck,  four-track  line  to  145th  Street,  where  a  new  two-track  branch 
is  being  built  to  connect  the  two  upper  tracks  with  the  West  Farms 
Branch  of  the  Subway.  The  two  upper-deck  tracks  then  converge  into 
one,  coming  down  to  the  grade  of  the  local  tracks  at  14:7th  Street. 

At  53d  Street  and  Ninth  Avenue,  the  Sixth  Avenue  forms  a  junc- 
tion with  the  Ninth  Avenue  Line.  Formerly,  the  express  track  on  the 
Ninth  Avenue  Line  intersected  the  south-bound  local  track  on  the 
Sixth  Avenue  Line.  This  grade  crossing  was  eliminated  by  raising  the 
express  track  above  the  grade  of  the  local  tracks. 

The  terminal  station  at  City  Hall  served  formerly  only  the  Third 
Avenue  Line.     The  terminal  facilities  consisted  of  two  tracks  with  a 
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center  platform  and  two  side  platforms.  These  facilities  were  dupli- 
cated on  an  upper  level  directly  above  the  existing  terminal  station, 
to  serve  the  Second  Avenue  Line,  and  necessitated  practically  a  com- 
plete rebuilding  of  the  structure  at  this  point. 

The  Ninth  Avenue  Line  terminates  at  159th  Street,  where  there  is  a 
Company  Yard.  The  terminal  station  was  formerly  at  155th  Street, 
and  this  also  formed  the  terminal  of  the  Putnam  Division  of  the 
New  York  Central  Kailioad.  A  connection  of  the  Ninth  Avenue 
Line  with  a  new  rapid  transit  line  in  Jerome  Avenue  is  now  being 
built,  and,  when  it  is  completed,  the  terminal  of  the  Putnam  Divi- 
sion will  be  removed  to  the  other  side  of  the  Harlem  River,  and 
the  Elevated  Railroad  trains  will  run  across  the  Putnam  Bridge. 
The  old  station  at  155th  Street  had  two  side  platforms,  with 
adjacent  tracks  and  a  center  track.  North  of  the  station  two  of  the 
tracks  continued  to  the  yard.  The  new  arrangement  cannot  be  com- 
pleted until  the  Putnam  Terminal  is  abandoned.  There  will  be,  when 
completed,  two  new  island  platforms  between  155th  and  157th  Streets, 
each  platform  having  two  adjacent  tracks,  and  in  addition  a  fifth, 
which  is  a  yard  track,  on  the  west  side  of  the  structure  to  the  south 
end  of  the  station  platforms.  At  present  the  three  westerly  tracks  and 
the  west  platform  are  completed  and  in  operation.  When  all  the  work 
is  completed,  the  west  platform  will  be  used  as  a  terminal  platform  and 
the  east  platform  for  the  through  trains.  In  order  to  carry  the  north- 
bound trains  to  the  terminal  platform  without  a  grade  crossing,  the 
express  track  is  raised  south  of  the  station  and  the  north-bound  local 
track  is  divided  into  two  branches,  one  of  which  runs  under  the  ex- 
press track  to  the  west  side  of  the  structure.  The  express  track  is 
brought  down  to  grade  again  immediately  before  reaching  the  station 
platforms. 

Express  Stations. — Although,  in  a  number  of  cases,  local  conditions 
required  express  stations  of  special  types,  two  standard  types  were  used 
whenever  the  conditions  permitted: 

The  type  which  required  entire  rebuilding  of  the  existing  station, 
has  tw^o  island  platforms,  with  the  express  track  between  the  plat- 
forms, and  a  mezzanine  station  below  the  track  structure,  and  was  used 
when  the  head-room  was  sufficient  to  place  the  mezzanine  station  under 
the  structure.  The  tracks,  which  have  a  standard  spacing  of  12  ft.,  are 
spread  at  the  location  of  the  station  so  as  to  make  room  for  two  plat- 
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forms.  The  west  platform  is  \ised  for  down-town  traffic  only,  the  local 
trains  discharging  and  receiving  passengers  on  the  west  side  of  the 
platform  and  the  express  trains  on  the  east  side.  The  np-town  ex- 
press train  receives  and  discharges  passengers  on  the  west  side  of 
the  east  platform  and  the  up-town  local  trains  on  the  east  side.  Stairs 
provide  connection  between  the  platforms  and  the  mezzanine  station, 
which  occupies  the  space  nnder  the  track  structure  between  two 
adjacent  bents,  and  contains  the  ticket  office,  waiting-rooms,  toilet- 
rooms,  and  heater-rooms.  Stairs  connect  the  mezzanine  station  with 
the  street. 

The  other  standard  type  is  the  "himip"  station,  which  was  used 
when  sufficient  head-room  could  not  be  obtained  to  place  a  mezzanine 
station  under  the  structure.  This  type  of  construction  was  conceived 
by  George  H,  Pegram,  President,  Am.  Soc.  C.  E.,  and  provided  a  simple 
and  efficient  method  of  obtaining  the  necessary  platform  facilities  for 
the  express  service.  Before  the  reconstruction,  such  a  station  had  two 
side  platforms,  one  for  up-town  and  one  for  down-town  local  traffic. 
In  order  to  provide  access  to  and  from  platforms  for  the  express  track, 
the  grade  of  the  center  track  was  raised  above  that  of  the  local  tracks 
so  that  platforms  to  serve  this  track  could  be  built  above  the  local 
tracks.  The  standard  car  clearance  required  is  14  ft.  6  in.  from  the 
base  of  rail;  the  construction  height  of  the  express  platform  deck  was 
made  as  shallow  as  possible,  in  order  to  obtain  the  least  possible  dis- 
tance for  the  passengers  to  ascend.  The  necessary  construction  height 
was  about  1  ft.,  and,  as  the  standard  height  of  the  platform  above  the 
base  of  rail  is  3  ft.  11  in.,  the  grade  of  the  express  track  was  con- 
structed about  11  ft.  6  in.  above  the  local  tracks.  The  grade  of  the  ex- 
press track  was  kept  parallel  to  that  of  the  local  tracks,  and  the 
approaches  were  constructed  with  a  maximum  grade  of  about  3%  and 
with  vertical  curves  changing  the  grade  1%  in  100  ft.,  corresponding 
to  a  curve  of  10  000  ft.  radius.  Two  stairways  generally  connect  each 
platform  with  the  corresponding  local  platforms.  No  additional  sta- 
tion building  rooms  were  required,  as  the  old  buildings  contained  all 
necessary  facilities. 

Work  Divided  into  Sections. 

For  executive  purposes,  the  work  under  "Manhattan  Elevated  Im- 
provements" was  divided  into  a  number  of  sections  as  shown  on  Fig,  2. 
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As  the  type  of  structure  and  the  class  and  condition  of  the  work  varied 
greatly,  the  description,  for  the  sake  of  clearness,  will  be  made  for 
each  section  separately.  The  location  of  each  section  and  the  work 
involved  is  as  follows: 

Section  No.  1. — This  comprised  the  reconstruction  of  the  Third 
Avenue  Line  on  Park  Row  from  the  terminus  at  City  Hall  to  Chatham 
Square,  a  total  length  of  1  960  ft.,  and  on  New  Bowery  from  near 
Franklin  Square  to  near  Division  Street,  a  total  length  of  1  840  ft. 

The  reconstruction  in  Park  Row,  including  the  City  Hall  Station, 
was  practically  a  replacement  of  the  old  two-track  structure  with  a 
new  four-track  structure,  only  some  track  stringers  and  platform  gird- 
ers of  the  old  structure  being  retained.  The  old  station,  just  north  of 
Chatham  Square,  which  served  all  Third  Avenue  trains,  was  removed, 
and  a  new  station  with  two  island  platforms  and  four  tracks  was  built 
in  Chatham  Square  south  of  the  old  location  to  serve  Third  and  Second 
Avenue  trains  to  City  Hall. 

The  work  in  ISTew  Bowery  included  the  addition  of  a  two-track 
structure,  above  the  level  of  the  present  structure,  supported  on  new 
cross-girders  carried  by  the  existing  columns,  and  the  reconstruction 
of  the  South  Ferry  Branch  Station  at  Chatham  Square  to  provide  a 
train  platform  for  the  new  Third  Avenue  Line  upper-grade  tracks, 
while  the  lower-level  tracks  served  the  Second  Avenue  Line. 

The  work  also  included  the  replacing  of  52  existing  column  founda- 
tions with  larger  and  deeper  ones  to  carry  the  additional  weight. 

Section  No.  3- A. — This  comprised  tlie  reconstriiction  of  the  Third 
Avenue  Line  in  the  Bowery  from  Chatham  Square  to  a  point  north 
of  Delancey  Street,  a  total  length  of  2  531  ft.,  and  involved  the  replace- 
ment of  the  existing  structure  with  a  new  five-track  structure  from 
Chatham  Square  to  Canal  Street  and  a  three-track  structure  from 
Canal  Street  to  Delancey  Street.  It  included  the  building,  at  Canal 
and  Grand  Streets,  of  new  express  stations  to  take  the  place  of  old 
ones.  Practically  all  the  old  structure  was  removed,  the  principal 
exception  being  the  retention  of  a  few  of  the  old  track  stringers  south 
of  Canal  Street.  In  addition  to  this  work,  IT  old  column  foundations 
on  this  section  were  replaced  with  new  foundations. 

Section  No.  2-B. — This  comprised  the  complete  replacement  of  the 
old  Third  Avenue  elevated  structure  in  the  Bowery  from  a  point  north 
of  Delancey  Street  to  Fifth  Street,  a  total  length  of  2  728  ft.    The  old 
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structure  consisted  of  two  single-track  lines,  each  supported  on  a 
single  row  of  columns  at  the  curb  lines  of  the  sidewalks.  The  new 
stTUft\u"e.  which  carries  three  tracks,  is  supported  on  a  double  row  of 
colunnis  in  the  roadway.  The  work  in  this  section  also  involved  the 
construction  of  a  new  express  station  to  take  the  place  of  the  old  one 
at  Houston  Street. 

Section  No.  S. — This  comprised  the  work  on  the  Third  Aveinie  Line 
in  Third  Avenue  between  5th  and  llGtli  Streets.  It  included 
the  construction  of  5  104  lin.  ft.  of  track  structure  to  complete  the 
center  track,  a  portion  of  wliich  was  in  existence  prior  to  the  com- 
mencement of  this  work,  and  involved  placing  new  track  stringers, 
replacing  the  existing  cross-braces  with  new  cross-girders,  and  rein- 
forcing the  column  tops.  The  work  also  included  the  construction  of 
new  over-grade  express  stations  at  9th,  23d,  42d,  and  106th  Streets, 
involving  the  replacement  of  35  cross-girders  and  70  columns  under  the 
stations  with  new  and  heavier  material. 

Section  No.  J^-A. — This  comprised  the  completion  of  the  center 
track  on  the  Second  Avenue  Line  from  Chatham  Square  to  116th 
Street.  Portions  of  the  center  track  were  built  before  the  beginning 
of  this  work.  The  new  work  comprised  the  construction  of  23  382  lin, 
ft.  of  new  center-track  structure,  consisting  of  longitudinal  track 
girders  and  bracing,  and  rebuilding  the  stations  at  14th,  42d,  and  86th 
Streets,  to  provide  platforms  for  the  express  service,  and  the  recon- 
struction of  the  92d  Street  Station,  which  had  a  center  platform,  to 
provide  room  for  the  center  track. 

In  this  work  is  not  included  the  reconstruction  work  between  50th 
and  60th  Streets  to  connect  to  the  Queensboro  Bridge,  as  that  does  not 
form  part  of  the  "Manhattan  Elevated  Improvements." 

Section  No.  5-A. — This  comprised  the  work  to  be  done  on  the  Third 
Avenue  Line  from  116th  to  129th  Street,  and  in  129th  Street  between 
Third  and  Second  Avenues.  The  work  involved  the  construction  of  an 
over-grade  track  commencing  near  121st  Street  connecting  with  the 
upper-grade  tracks  of  the  new  Harlem  River  Bridge  near  Second  Ave- 
nue, and  included  the  replacement  of  24  cross-girders  and  48  columns 
with  new  and  heavier  structures,  the  reconstruction  of  the  stations  at 
125th  and  129th  Streets,  and  the  replacement  of  26  column  foundations. 

Section  No.  5-B. — This  comprised  the  work  to  be  done  on  the 
Second    Avenue   Line    in    Second    Avenue   between    116th    and    129th 
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Streets,  and  included  raising  the  whole  structure  for  a  length  of  1  387 
ft,,  the  maximum  rise  being  7.5  ft.;  the  construction  of  a  new  express 
station  at  125th  Street  to  replace  the  existing  station  at  127th  Street, 
which  was  removed,  and  changing  the  three-track  structure  north  of 
126th  Street  to  a  four-track  structure,  with  two  of  the  tracks  connect- 
ing with  the  upper  deck  of  the  new  Harlem  River  Bridge  and  the 
other  two  tracks  connecting  with  the  Company's  Yard  at  128th  Street 
and  the  lower  deck  of  the  new  Harlem  River  Bridge. 

Section  No.  5-C. — This  comprised  the  replacement  of  the  Harlem 
River  Bridge  at  129th  Street  and  Second  Avenue,  consisting  of  two 
approach  spans,  each  about  102  ft.  long,  and  a  center  swing  span,  244 
ft.  long,  carrying  two  tracks,  with  a  new  double-deck  structure,  carrying 
two  tracks  on  each  deck. 

Section  No.  5-D. — This  comprised  the  addition  of  two  upper-grade 
tracks  to  the  structure  from  the  north  end  of  the  Harlem  River  Bridge 
through  the  New  York,  New  Haven  and  Hartford  Railroad  Company's 
Yard  to  132d  Street,  and  through  the  Company's  Yard  and  property 
between  132d  and  133d  Streets.  The  new  tracks  were  supported  on  new 
columns,  which,  in  a  number  of  cases,  necessitated  cutting  the  existing 
cross-girders  of  the  lower-deck  structure. 

Section  No.  6- A. — 'lliis  comprised  the  work  required  on  the  Third 
Avenue  Line  from  133d  Street,  through  the  Company's  private  right 
of  way,  to  145th  Street  and  through  Third  Avenue  to  147th  Street. 
The  work  included  shifting  the  existing  south-bound  track  sidewise 
for  13  ft.  for  a  length  of  2  800  ft. ;  constructing  a  new  two-track  over- 
grade  structure  between  133d  and  143d  Streets;  reconstructing  the 
stations  at  133d,  138th  and  143d  Streets,  and  constructing  an  over- 
grade  center  track  between  143d  and  147th  Streets;  and  involved  the 
building  of  new  piers  and  foundations. 

Section  No.  6-D. — This  comprised  the  work  on  the  Third  Avenue 
Line  between  147th  Street  and  Fordham  Road,  involving  the  com- 
pletion of  the  center  track  structure;  replacing  ten  island- platform 
stations  with  new  side-platform  stations;  reconstructing  three  stations 
as  express  stations ;  and  replacing  all  the  columns  supporting  the  struc- 
ture between  147th  and  177th  Streets  with  new  and  heavier  columns. 

Section  No.  7. — This  comprised  the  work  on  the  Ninth  Avenue  Line 
required  to  reconstruct  the  stations  at  66th,  116th,  125th,  and  145th 
Streets  to  provide  a  continuous  center  track  aiid  express  platforms. 
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Section  No.  S-A. — This  comprised  the  work  on  tlie  Ninth  Avenue 
Line  required  to  construct  a  center  track  in  Greenwich  Street  from 
Cortlandt  to  9th  Street,  and  center  platforms  at  Cortlandt,  Warren, 
Deshrosses,  and  Christopher  Streets,  and  involved  the  construction  of 
10  640  lin.  ft.  of  new  track  structure,  consisting  of  track  stringers  and 
cross-girders;  reinforcement  of  column  tops;  the  replacement  of  154 
columns,  and  of  4  328  lin.  ft.  of  old  longitudinal  girders  with  new 
girders  for  the  existing  south-bound  track. 

Section  No.  S-B. — This  comprised  the  reconstruction  of  the  exist- 
ing stations  on  the  Ninth  Avenue  Line  at  14th  and  34th  Streets  to 
provide  platforms  for  the  express  track. 

Section  No.  S-C. — This  comprised  the  construction  of  over-grade 
crossing  of  the  Ninth  Avenue  express  track  over  the  junction  with 
the  Sixth  Avenue  tracks  at  53d  Street  and  Ninth  Avenue. 

Section  No.  10-B. — This  comprised  the  reconstruction  of  the  ter- 
minal station  of  the  Ninth  Avenue  Line  at  155th  Street  and  Eighth 
Avenue,  and  involved  the  addition  of  an  over-grade  track  between 
150th  and  155th  Streets,  the  construction  of  two  island  platforms  be- 
tween 155th  and  157th  Streets,  and  the  reconstruction  of  the  track 
arrangement  between  154th  Street  and  the  Company's  Yard  at  159th 
Street.  A  portion  of  this  work  cannot  be  completed  until  the  structure 
on  the  east  side  of  Eighth  Avenue  north  of  155th  Street,  which  is 
occupied  by  the  Putnam  Division  of  the  New  York  Central  Railroad, 

is  vacated. 

Design  of  Steel  Structure. 

The  pui-pose  of  the  work  under  the  "Manhattan  Elevated  Improve- 
ments" was  to  improve  the  existing  traffic  facilities.  The  new  track 
arrangement,  therefore,  was  a  matter  of  first  consideration.  When 
that  was  settled,  the  existing  structure  was  surveyed  for  the  purpose 
of  determining  its  strength ;  the  reinforcement  needed,  where  new 
loads  were  added;  the  dimensions  of  the  added  structure,  and  the 
methods  of  connections  between  new  and  old  work.  The  necessity 
of  maintaining  traffic  during  reconstruction  was  the  governing  feature 

in  the  design. 

Specifications  for  Design. 

The  specifications  for  loads  and  unit  stresses  for  the  additions  to 
the  structure  north  of  the  Plarlejn  Eiver  were  different  from  those  for 
the   ndded    structure   in   Manhattan,   because   the   original    structures 
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were  built  under  different  specifications,  and  it  was  desired  to  keep 
the  stresses  in  the  old  and  new  structure  uniform.  The  specifications 
for  the  new  structure  added  to  the  elevated  lines  in  Manhattan  were 
as  follows: 

Dead  Load. — The  dead  load  shall  consist  of  the  estimated  weight 
of  the  entire  suspended  structure,  and  is  estimated  to  be  750  lb.  per 
lin.  ft.  of  track. 

Live  Load. — The  live  load  for  each  track  shall  consist  of  a  train 
of  cars  with  6-ft.  wheel  base,  33  ft.  from  center  to  center  of  trucks, 
and  15  ft.  from  center  to  center  of  adjacent  cars,  the  cars  having  20  000 
lb.  on  each  axle  of  the  north  truck  and  15  000  lb.  on  each  axle  of  the 
south  truck. 

The  live  load  for  canopy  roofs  shall  be  30  lb.  per  sq.  ft.,  and  for 
station  platforms,  80  lb.  per  sq.  ft. 

Lateral  Load. — Transverse  bents  shall  be  designed  for  a  force  of 
30  lb.  per  sq.  ft.  on  the  exposed  surface  of  all  trusses  and  the  floor,  as 
seen  in  elevation,  and  on  the  side  of  a  train  10  ft.  high,  beginning  3 
ft.  above  the  base  of  rail. 

Longitudinal  Force. — Transverse  bents  and  similar  structures  shall 
be  designed  for  a  longitudinal  force  of  10%  of  the  live  load  applied  to 
the  rail. 

Structures  on  curves  shall  be  designed  for  the  centrifugal  force 
of  the  live  load  acting  at  a  height  of  5  ft.  above  the  rail,  proper 
account  being  taken  of  the  super-elevation,  to  be  determined  by  the 
Engineer  for  each  case. 

The  centrifu2ral  force  is  /  = . 

g  r 

in  which  /=^  pounds, 

V  =  velocity,    in    feet   per    second, 
w  =  weight,  in  pounds,  and 
r  =  radius,  in  feet. 

Unit  Stresses. — All  structures  designed  for  additional  tracks  or 
stations  on  existing  elevated  railroad  structures  in  Manhattan  shall 
be  proportioned  so  that  the  maximum  stress  in  axial  tension  on  the 
net  section  shall  not  exceed  9  000  lb.  per  sq.  in. 

The  axial  compression  on  the  gross  section  is  9  000  —  iO 

r 
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in  which  I  is  tlie  length  of  the  menibor,  in  inches,  iind  r  is  the  least 
radius  of  gyration,  in  inches. 

No  column  smaller  than  12  in.  shall  be  used. 

Bending. — On  extreme  fibers  of  rolled  shapes,  built  sections,  and 
girders,  net  section,  9  000  lb.  Roof  work  shall  be  designed  for  a  fiber 
stress  of  12  000  lb.  per  sq.  in. 

Shearing.— Rivets    7  500  lb. 

Plate  girder  webs  (gross  section)  ...   7  500  " 
Bearing   15  000  " 

For  stiffeners,  ground  to  bear,  deduct  area  lost  by  grinding  for 
fillet,  in  calculating  effective  area  of  stiffeners. 

Bearing  on  Base  Plates.— For  direct  loads,  base  plates  of  columns 
shall  be  proportioned  for  a  pressure  of  300  lb.  per  sq.  in.  on  concrete 
(1:2^:5),  adding  50%  to  this  pressure  for  combined  direct  and  bending 
stresses. 

Bending. — On  extreme  fibers  of  rivets  and  pins,  15  000  lb. 

!Members  subject  to  alternate  strains  of  tension  and  compression 
shall  be  proportioned  for  the  strain  giving  the  largest  section.  If  the 
alternate  strains  occur  in  succession  during  the  passage  of  one  train, 
as  in  stiff  counters,  each  strain  shall  be  increased  by  50%  of  the  smaller. 

Whenever  the  live  and  dead-load  strains  are  of  opposite  character, 
only  70%  of  the  dead-load  strain  shall  be  considered  as  effective  in 
counteracting  the  live-load  strain. 

Members  subject  to  both  axial  and  bending  strains  may  be  propor- 
tioned to  a  combined  fiber  strain  25%  in  excess  of  the  allowed  axial 
strain. 

For  strains  produced  by  longitudinal  and  lateral  or  wind  forces, 
combined  with  those  from  live  and  dead  load  and  centrifugal  forces, 
the  unit  strain  may  be  increased  50%  over  the  allowed  axial  strain. 
The  section,  however,  shall  not  be  less  than  that  required  if  the  longi- 
tudinal and  lateral  or  wind  forces  are  neglected. 

Plate  girders  shall  be  proportioned  either  by  the  moment  of  inertia 
of  their  net  section,  or  by  assuming  that  the  flanges  are  concentrated 
at  their  centers  of  gravity,  in  which  case  one-eighth  of  the  gross  section 
of  the  web,  if  properly  spliced,  may  be  used  as  the  flange  section. 

The  gross  section  of  the  compression  flange  of  the  plate  girders 
shall  not  be  less  than  the  gross  section  of  the  tension  flanges,  nor  shall 
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the  strain  per  square  inch  in  the  compression  flange  of  any  beam  or 

L 
girder  exceed  12  000  —  200  — — ,   in  which  L    =   the    unsupported   dis- 
tance, and  6  =  the  width  of  the  flange. 

The  flanges  of  plate  girders  shall  be  connected  to  the  web  with  a 
sufficient  number  of  rivets  to  transfer  the  total  shear  at  any  point  in  a 
distance  equal  to  the  effective  depth  of  the  girder  at  that  point  com- 
bined with  any  load  that  is  applied  directly  to  the  flange.  The 
wheel  load,  where  the  ties  rest  on  the  flanges,  will  be  assumed  to  be 
distributed  over  three  ties. 

Trusses  shall  preferably  have  a  depth  of  not  less  than  one-tenth 
of  the  span.  Plate  girders  and  rolled  beams,  used  as  girders,  shall 
preferably  have  a  depth  of  not  less  than  one-twelfth  of  the  span,  and 
if  shallower  trusses,  girders,  or  beams  are  used,  the  section  shall  be 
increased  so  that  the  maximum  deflection  will  not  be  greater  than  if 
the  above  limiting  ratio  had  not  been  exceeded. 

The  specifications  for  the  structure  north  of  the  Harlem  River 
varied  from  the  foregoing  as  follows: 

Dead  Load. — The  dead  load  shall  consist  of  the  estimated  weight 
of  the  entire  suspended  structure,  and  is  estimated  to  be  750  lb.  per 
lin.  ft.  of  track. 

Live  Load.— The  live  load  for  each  track  shall  consist  of  a  train  of 
ears,  the  cars  being  46  ft.  long,  32  ft.  from  center  to  center  of  trucks, 
14  ft.  from  center  to  center  of  trucks  of  adjacent  cars,  5  ft.  from  center 
to  center  of  wheels  of  the  same  truck,  having  25  000  lb.  on  each  of  the 
four   axles. 

The  live  load  for  canopy  roofs  shall  be  30  lb.  per  sq.  ft.,  and  for 
station  platforms,  80  lb.  per  sq.  ft. 

Unit  Stresses. — All  new  structures  shall  be  proportioned  so  that  the 
maximixm  stress  in  axial  tension  on  the  net  section  shall  not  exceed: 

In  longitudinal  girders,  10  000  lb.  per  sq.  in. 

In  cross-girders.  12  500    •'     ''     ''     "• 

Axial  compressions  in  colunnis 10  000-10 


longitudinal  girders  ..11  000-10 
cross-ofirders 12  500-40 
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in  which  L  is  the  length  of  the  member,  and  r  is  the  least  radius  of 
gyration,  in  inches. 

No  column  smaller  than  12  in.  shall  be  used. 

Bending. — On  extreme  fibers  of  rolled  shapes,  built  sections,  and 
girders,  net  section: 

Longitudinal  girders 11  000  lb. 

Cross-girders 12  500  lb. 

Standards,  for  Designs. — The  standard  overhead  clearance  is  14  ft. 
0  in.  above  the  top  of  rail,  and  the  side  clearance,  6  ft.  0  in.  from 
center  of  track,  except  at  platforms,  where  it  is  4  ft.  1i  in. 

The  standard  Manhattan  car  is  12  ft.  lOi  in.  high  and  8  ft.  l)i  in. 
wide.    The  track  gauge  is  4  ft.  8^  in. 

Bending  Moments  in  Statically  Indeterminate  Bents. — All  cross- 
bcuts,  except  in  special  cases,  where  tower 


k- 


—b- 

FlG. 


construction  could  be  obtained  were  gener-  ^^^^ 
ally  designed  to  resist  moments  both  at  the 
top  and  bottom  of  columns.  In  the  course 
of  the  design,  one,  two  and  three-story  bents 
were  encountered,  and  for  each  type  for- 
mulas for  the  moments  at  the  top  and  bot- 
tom of  columns  were  worked  out.  As  the 
results  may  be  of  general  interest,  they  are 
noted  here  for  each  type  considered. 

Tiipe  I. — Single-Story  Bent;  Both  Columns  Alike. 

==  height  of  column,  measured   from   bottom   of   colunin   to 
center  of  cross-girder ; 

=  distance  between  centers  of  columns  ; 

=  moment  of  inertia  of  cross-girder: 

=         ''         "       "        "  culumn  ; 

=  horizontal  force  applied  at  center  of  cross-girder  ; 
Jfg  =  moment  at  top  of  column  ; 
itf  J  =  moment  at  bottom  of  column. 


Let  h 
h 

h 
P 


Then 


and 


3f„  =  — 


3f,=  + 


3  7i  P  h^ 
2(bl^+  6  1,  h) 

6  Zg  -f  8  h  /, 

2  (6  Jj  +  6  /,  h) 


P  h 
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Type  Il.—Unsjjmmetrical  One-Story  Bent. 

Let  h    =  height  of   column,   measured   from    bottom   of  column   to 

center  of  cross-girder  ; 
h    =  distance  between  centers  of  columns  ; 
/^  =  moment  of  inertia  of  one  column  ; 
J^  =        ''  ''        "•       "  other  column  ; 

7g  =         "  ''         '•'•        "  cross-girder  ; 

moment  at  bottom  of  column  Jj  ;  * 


3fo 


"  top 


'•  bottom 


^2; 


^3=         '    . 

P    =:  horizontal  force  applied  at  center  of  cross-girder  ; 


and  let 


X.=P 


«"'('  +  "  (t  +  x)) 


K 


^1 


X,  = 


2  /, 


^1 


+  h 


(t+0 


Then 


-  X,  {h  -  X.^  + 

-  X,  (h  -  X,) 
X,  X, 

p  I,  h 


P  I^  h 


=  X.  X.,  — 


h  +  h 

Type  III.— Two-Story  Bent;  Both  Stories  Same  Width;  All  Columns 

Alike. 
Let  /(-I  =  distance  from  center  to  center  of  cross-girders  ; 

/(.2  =  distance  from  center  of  lower  girder  to  bottom  of  column  ; 
b    =  distance  between  centers  of  columns  ; 
Jj  =  moment  of  inertia  of  upper  cross-girders  ; 
/^  =         "         "       "         "        "      column  ; 
/^  =         "         "        "  "  lower  cross-girders  ; 

I,  =         "         "        "  "       "     column  ; 

M    =  moment  at  top  of  upper  column  ; 
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Mf^  =  moment  at  bottom  of  upper  column  ; 
M^  —  "        ••   top  "  lower         '' 

M^j  =  '•        ••    bottom  "       >•  " 

Pj  =^  liori/ontal  force  applied  at  center  of  upper  cross-girder  ; 


Further,  let 


"    lower 


A  = 


4/, 


B  = 


I\  hj  +  2  1\  h,  h,  +  P.,  h./ 
4/. 


^  h^  h  h,  h  h 


2  1. 


12  1,     '     2  1,         21, 


E 


bh 


r, 


I  i 


M, 


Ma 


P, 


12/3   +    27, 


and 


■b ^ 


Fig.  5. 


ho 


--_i_- 


(A  +  B)  E  —  B  D 
C  E  —  D^ 

B  C  —  {A  +  B)  D 
C  E  —  n^ 


Then 


^^a  =  -  Y  A'. 


M,  =  -P,  h,  -  -  A', 


^d  =  +  ^1  Oh  +  ^'2)  +  P-z  h  -  I  (X,  +  A',) 

Type  IV. — Two-Story  Bent;  Upper  Story  Narrower  than  Lower  Story; 

SymmetHcal. 
Let     hy  =  distance  from  center  to  center  of  cross-girders; 

/(.,  =         "  "         '•        of  lower   cross-girder  to   bottom  of 

column; 
h    =  distance  between  centers  of  cohimu.s  of  upper  bout; 
g   -_         u  u  u         tt         ^i  -<■  lower      " 

d    =  '•        from  center  of  column  of  upper  bent  to  center  of 

column  of  lower  bent; 
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/i  =  moment  of  inertia  of  upper  cross-girder; 
/.,  =        "         ''       '^       "        •'      column; 
1^  r=        •'         "       •'       "'    lower  cross-girder; 
/^  =        •'•         "       "       "       "      column; 
Pj  =  horizontal  force  applied  at  center  of  upper  cross-girder; 


Further,  let 


lower 


8  J, 


2L 


C   =  ^rr-^  +T^  + 


D 


24  J,       4J2 

^TtT'^  477 


24  1, 


41. 


'3 


.3 


_  c"  c^  h.. 


F  = 


and  let 


24/3        41, 
P,  h,  (c'  -  h') 


Ma 

u 

^1 

A 

I'i 

\er--d  -^< b >|#--d-->| 

fl 

M, 

p- 

/;, 

M, 

li 

{'2 

M^ 

■1- 

'W///, 

V/// 

%i^ 

U. 

L- 

» 

16/, 


Fig.  6. 


X,  = 


( JL  +  P)  ^  —  (i^  +  P)  J> 

C  E  —  D'^ 
(■F  +  g)  0  —  (^  +  -B)  J> 


Then 


If    — Y 


Jlf. 


^c  =  -i7(A^i+A^2)  + 


PjA, 


Tif/pe  V. — Three-Storij  Pin-Connected  Bent. 
Let  h^  =  height  of  upper  story: 
h2  =       "        "  middle    " 
h.^  =       "       ''  lower       " 
?)    =  distance  between  centers  of  columns; 
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3/,  =  moment  at  bottom  of  iijiiht 

/' 

column; 

"^--^ 

y 

3/2  :=  moment  at  bottom  of  middle 

column; 
.]/".(  =  moment  at  bottom  of  lower 

.V, 

\. 

''I 

Y 

^^ 

column; 

.u.. 

::^ 

i- 

P  =  horizontal    force   applied    at 

-*— 

top  of  bent; 

h. 

and  let 

1  3 

1 

K_  /ij  (4  /i,  -f  3  /i,)  +  t)  /'/  Oh  +  '>■>) 

M, 

1 

^'  ~  //,  (4  //,  +  :5  h^)  +  12  /i,  (A,  +  /;.,) 

''yy/z/y. 

wy 

u 

y//////y//y 

1} 

Fig 

7. 

• 

x-p  (i                          ^''^V 

\ 

V          //,,  (4  /ii  /I2  +  3  V  +  12  h 

K  +  12 

KK)' 

Then 

■^1=  --2(^-^)^ 


M, 


M,= 


-P(//,-i)) 


4n 


General  Details  of  Design. 

New  columns,  supporting  the  structure  in  the  street,  were  gen- 
I'rally  made  15  in.  square,  built  up  of  two  15-in.  channels  with  the 
flanges  turned  in,  four  angles  and  a  web-plate.  Using  50-lb.  channels, 
5  by  Z\  by  f-in  angles,  and  13  by  ^-in.  web,  the  section  modulus  of 
such  a  column  is  294  in.^  in  the  direction  parallel  to  the  web  and  129 
in.  •  in  the  direction  square  to  the  web.  The  columns  were  nearly  always 
l)laced  with  the  web  in  the  same  direction  as  the  cross-girders,  as  the 
lateral  bending  stresses  in  the  columns,  due  to  wind  and  centrifugal 
forces,  are  greater  than  the  longitudinal  bending  stresses,  due  to  brak- 
ing of  trains.  Columns  on  the  sidewalk,  supporting  station  structure 
only,  were  generally  built  up  similar  to  the  track  structure  columns, 
but  12  in.  square. 

Generally,  the  colimins  had  to  be  designed  so  that  they  could  be 
erected  under  the  cross-girder,  with  the  foundations — including  the 
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anclior-bolts — in  place.  The  columns,  therefore,  were  made  detach- 
?hle,  but  capable  of  resisting  the  bending  moments  that  might  come 
on  them.  The  original  design  had  a  lower  part  made  up  of  plates  and 
shapes,  with  holes  for  the  anchor-bolts.  The  upper  part  of  the  base, 
which  was  riveted  to  the  column,  was  made  narrow  enough  to  pass 
between  the  anchor-bolts.  The  upper  and  lower  sections  were  to  be 
connected  with  flat  plates,  riveted  in  the  field.  In  the  design  of  a 
similar  type  the  upper  and  lower  parts  are  connected  with  bolts. 

The  first  design  was  not  used  at  all,  and  the  second  design  only 
in  a  few  cases,  as  the  bridge  shops  requested  that  the  design  be  changed, 
on  account  of  difficulty  in  fabricating  the  lower  sections.  Therefore, 
another  type  of  detachable  base,  shown  by  Fig.  8,  was  designed.  The 
lower  part  of  this  base  consisted  of  a  rolled  steel  slab,  6  in.  thick, 
with  four  holes  to  fit  over  the  anchor-bolts  in  the  foundation.  The 
upper  part  of  the  base,  which  was  narrow  enough  to  pass  between 
the  anchor-bolts,  was  riveted  to  the  column  shaft,  and  was  connected 
to  the  slab  with  four  screw-bolts,  2  in.  in  diameter,  fitting  into  tapped 
holes  in  the  slab. 

A  stiff  connection  between  the  column  and  the  cross-girder  was 
obtained,  when  the  column  was  at  the  end  of  the  cross-girder,  by  run- 
ning the  column  shaft  to  the  top  of  the  cross-girder  and  riveting  the 
end  of  the  girder  to  the  column.  When  the  column  was  under  the 
cross-girder,  the  stiff  connection  was  obtained  by  riveting  four  angles 
to  the  column,  extending  above  the  top  of  the  column ;  these  angles 
were  connected  to  the  bearing  stiffeners  of  the  cross-girder  with  plates 
riveted  to  both  angles  and  stiffeners.  The  column  and  the  cross- 
girder  were  further  connected  with  plate  brackets  riveted  to  the  sides 
of  the  column  and  the  bottom  of  the  cross-girder. 

The  cross-girders  were  generally  plate  girders  in  preference  to  lat- 
tice girders,  due  to  the  simplicity  of  design  and  also  the  facility  with 
which  a  load  can  be  placed  at  any  point  on  a  plate  girder,  without 
disturbing  the  uniformity  of  the  design.  This  is  specially  advantageous 
for  a  structure  of  the  kind  herein  described,  as  the  location  of  the  loads, 
due  to  track  stringers,  platform  girders,  overhead  structures,  etc.,  may 
vary  from  bent  to  bent. 

The  track  stringers  also  were  usually  plate  girders,  but,  where  it 
was  desired,  either  to  keep  the  construction  as  open  as  possible,  or  to 
conform  to  the  existing  design,  lattice  stringers  were  used.     Whenever 
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the  conditions  permitted,  the  track  stringers  were  designed  with  end 
lips,  which  supported  the  stringers,  either  on  top  of  the  cross-girders 
or  on  seats  attached  to  the  web  of  the  cross-girders.  The  lip  connec- 
tion makes  the  girder  simple  to  erect,  is  stiff,  and  occupies  little  con- 
struction height.  Experience  has  shown  that  the  rivets  in  the  connec- 
tion of  framed-in  track  girders  frequently  break. 

Expansion  was  provided  for  by  slotting  the  holes  at  the  connection 
and  letting  the  girders  slide  on  the  seat.  Generally,  expansion  joints 
were  provided  at  one  end  of  every  second  track  stringer. 

Details  of  Design. — Section  No.  1. — A  portion  of  the  work  included 
under  Section  No.  1  was  the  reconstruction  of  the  elevated  line  in 
Park  Row  between  City  Hall  and  Chatham  Square.  The  old  two- 
track  structure  in  Park  Row  carried  the  two-track  Third  Avenue 
Line  to  the  terminal  at  City  Hall.  The  reconstruction  involved  the 
addition  of  two  tracks  to  the  structure  in  Park  Row  for  the  Second 
Avenue  Line;  a  terminal  for  the  Second  Avenue  Line  at  City  Hall; 
and  a  new  station  at  Chatham  Square  capable  of  serving  all  four  tracks 
of  the  new  structure. 

The  old  station  at  City  Hall  was  reached  from  the  one-story 
approach  to  the  Brooklyn  Bridge;  it  consisted  of  two  tracks,  a  center 
platform  on  steel  supports,  and  two  side  platforms  altogether  of  wooden 
construction.  These  facilities  were  retained,  but  improved  in  details 
for  the  Third  Avenue  Line,  and  a  new  Second  Avenue  Line  Station 
with  similar  platform  and  track  facilities  was  built  immediately  above 
the  Third  Avenue  Line  Station,  thus  making  a  double-deck  station. 
There  was  no  room  to  carry  all  four  tracks  at  one  level,  because  Park 
Row  is  too  narrow  there  for  such  construction.  Fig.  8  shows  a  cross- 
section  of  the  new  double-deck  station.  On  account  of  the  added 
load,  it  was  necessary  to  replace  the  old  cross-girders  and  street  columns 
with  new  and  heavier  ones.  The  upper-deck  structure  was  supported 
on  four  rows  of  columns  resting  on  top  of  the  new  lower-deck  cross- 
girders.  As  it  was  desired  to  keep  the  level  of  the  upper-deck  platforms 
as  low  as  possible  at  the  point  of  access  at  the  south  end  of  the  sta- 
tions, the  upper  deck  was  designed  as  a  through  bridge  construction, 
with  longitudinal  girders  supported  directly  on  the  four  rows  of 
columns.  The  lower  deck  was  level ;  the  upper  deck  was  laid  on  a  grade 
of  i%  rising  from  the  south  to  the  north  end  of  the  station.  This 
was  done  in  order  to  gain  sufficient  clearance  at  the  north  end  for 
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the  standard  cross-girder  construction  where  it  was  required,  on 
account  of  the  cross-overs  from  in-bound  to  out-bound  tracks.  The 
upper-track  floor  construction  consisted  of  shallow  cross-girders  or 
beams  riveted  to  the  through  girders  and  track  stringers  framed  into 
these  cross-beams.  In  order  to  make  the  floor  as  shallow  as  possible, 
riveted  box  girders  were  used  at  the  south  end  of  the  station.  As  the 
construction  lieiglit  increased,  15  and  18-in.  Bethlehem  girder  beams 
wore  used  instead.  The  track  stringers  consisted  of  two  I-beams 
under  each  rail,  in  order  to  get  s\ifficient  bearing  surface  for  the  ties. 
Tlie  center  platform  was  supported  on  top  of  the  longitudinal  girders, 
and  the  outside  platforms  partly  on  the  longitudinal  girders  and  partly 
on  the  track  floor.  The  columns  supporting  the  upper-deck  structure 
were  12  in.  square,  and  consisted  of  two  12-in.  channels  with  a  dia- 
phragm of  four  angles  and  a  web-plate.  In  order  to  obtain  a  fixed 
connection  at  the  bottom,  the  columns  were  connected  to  the  stiffeuers 
of  the  supporting  cross-girders  with  tension  plates,  and  to  obtain  a 
fixed  condition  at  the  top  of  upper-deck  columns,  the  diaphragm  con- 
struction of  these  columns  was  continued  up  to  the  top  of  the  through 
girders  and  the  latter  were  riveted  to  these  diaphragms.  At  expan- 
sion joints,  however,  the  free  ends  of  the  girders  rested  on  seats  on 
the  columns. 

Between  the  north  end  of  the  City  Hall  Station  and  the  south  end 
of  the  new  Chatham  Square  Station,  the  two  upper-deck  tracks  were 
brought  down  to  the  level  of  the  old  structure,  in  order  to  connect  with 
the  tracks  of  the  Second  Avenue  Line  at  Chatham  Square.  This  was 
accomplished  by  running  the  lower-deck  tracks  to  the  west  side  of 
the  structure  through  Park  Row,  and  the  upper-deck  tracks  to  the  east 
side.  The  first  few  bents  of  the  upper  deck  north  of  City  Hall  Sta- 
tion had  to  span  the  entire  width  of  the  structure,  as  shown  by  Fig.  9, 
but  as  soon  as  the  upper  and  lower-level  tracks  were  sufficiently  clear 
of  each  other,  the  upper  deck  was  supported  on  two-column  braced  bents 
supported  on  the  lower-deck  cross-girders  east  of  the  lower-deck  tracks, 
as  shown  by  Fig.  10.  These  upper-deck  bents  were  also  braced  longi- 
tudinally in  pairs,  so  as  to  form  a  tower  construction.  The  lower- 
deck  columns  had  to  be  renewed  on  account  of  the  added  load,  and 
where  they  coincided  in  position  with  the  upper-deck  columns  they 
were  built  in  one  piece  from  the  street  to  the  upper  deck.  For  appear- 
ance sake,  it  was  desired  to  avoid  transverse  bracing  below  the  lower 
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deck;  as,  however,  the  regular  column  section  below  the  lower  deck 
was  not  sufficient  to  carry  the  combined  direct  and  transverse  bending 
stresses  without  bracing,  and  as  it  was  not  permitted  to  use  a  width  of 
column  greater  than  15  in.,  where  it  might  interfere  with  the  use  of 
the  sidewalk,  the  necessary  additional  strength  was  obtained  by  widen- 
ing the  column  from  a  point  12  ft.  above  the  sidewalk.  This  was 
accomplished  by  using  two  angles  on  the  street  side  of  the  columns 
instead  of  the  customary  15-in.  channel.  At  a  distance  of  12  ft.  above 
the  sidewalk,  the  web  was  spliced  and  its  upper  part  extended  through 
the  angles  and  reinforced  with  flange  angles.  Some  of  the  existing 
lower-deck  lattice  cross-girders  were  retained,  where  there  was  no 
additional  loading,  but,  on  account  of  the  track  girders  being  changed 
in  position,  the  latticing  of  cross-girders  was  removed  at  such  points, 
and  a  web-plate  was  riveted  to  the  cross-girder  instead,  as  shown  by 
Fig.  9. 

The  remainder  of  the  work  under  Section  Xo.  1  comprised  the  con- 
struction of  an  upper-grade  station  above  the  existing  station  on  the 
east  side  of  Chatham  Sqiiare  and  a  two-track  approach  to  this  station 
both  at  the  north  and  south  ends.  The  old  lower-deck  station  was  for- 
merly used  for  both  Second  and  Third  Avenue  Lines  on  the  South 
Ferry  Branch.  After  the  reconstruction  the  lower  deck  was  used 
for  Second  Avenue  Line  trains  only,  and  the  new  iipper  deck  for  Third 
Avenue  Line  trains.  The  approach  to  the  upper  station  commenced 
in  the  New  Bowery  just  north  of  Franklin  Square  Station.  The  struc- 
ture involved  in  the  New  Bowery  consisted,  before  the  reconstruction, 
of  two  single  rows  of  columns  on  the  sidewalks,  each  row  carrying  a 
single-track  structure.  The  old  columns  opposite  were  braced  with 
stiffening  struts  across  the  street.  The  columns  were  of  the  "fan-top" 
type,  that  is  to  say,  they  were  made  of  two  channels  latticed  together, 
and  the  channels  were  flared  at  the  top,  so  that  a  track  stringer  came 
directly  on  top  of  each  channel. 

The  new  tracks  were  carried  on  cross-girders,  which,  at  the  begin- 
ning of  the  ramp  at  the  south  end,  were  set  on  the  top  of  the  old 
columns  between  the  old  track  stringers,  because  the  head-room  above 
the  street  was  small.  These  cross-girders  were  made  in  three  pieces, 
in  order  to  fagilitate  the  erection.  Farther  north,  where  the  head- 
room was  greater,  the  new  cross-girders  were  framed  into  the  sides 
of  the  column  shaft,  as  shown  by  Fig.  11;  this  method  was  preferred, 
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because  the  new  structure  could  be  erected  without  shoring  and  without 
interfering  with  traffic.  In  order  to  transfer  the  additional  loading 
uniformly  to  the  column,  a  diaphragm  was  riveted  inside  of  the 
channels  of  the  column,  thus  carrying  the  cross-girder  reaction  equally 
into  both  sides  of  the  column.  The  upper  tracks  were  supported  by 
columns  centered  on  the  tracks  and  resting  on  the  new  cross-girders. 
The  two  columns  of  each  bent  were  braced  together,  and  every  second 
pair  of  bents  was  also  braced  together,  so  that  the  upper  structure 
formed  a  completely  braced  tower  construction,  resting  on  top  of  the 
new  cross-girdoi-s.  Additional  longitudinal  bracing  was  also  provided 
between  the  old  columns,  so  as  to  decrease  the  unsupported  length 
of  these  columns  and  thus  add  to  their  carrying  capacity. 

Fig.  12  shows  a  cross-section  of  the  structure  at  the  Chatham  Square 
Station.  On  account  of  the  additional  loading,  it  was  necessary  to 
replace  the  existing  columns  and  cross-girders  with  new  and  heavier 
ones.  This  figure  shows  a  cross-section  at  the  south  end  of  the  sta- 
tion, where  the  lower  center  platform  is  divided  into  two  platforms  with 
an  open  space  between.  At  the  crossing  with  the  City  Hall  branch 
tracks,  the  track  layout  necessitated  a  span  length  of  about  75  ft.  A 
through  bridge  construction,  as  shown  by  Fig.  13,  was  used  in  order  to 
obtain  sufficient  depth  for  the  stringers  without  encroaching  on  the 
head-room.  The  location  of  the  columns  was  determined  by  the  track 
arrangement  on  the  lower  deck. 

Details  of  Design. — Section  No.  2-A. — The  work  under  Section  No. 
2-A  comprised  the  reconstruction  of  the  Third  Avenue  Line  in  the 
Bowery  between  Chatham  Square  and  a  point  north  of  Delancey  Street. 
Prior  to  the  reconstruction,  the  old  Chatham  Square  Station  of  the 
Third  Avenue  Line  was  in  the  Bowery  just  north  of  Chatham  Square. 
The  old  station  had  a  wide  island  platform  serving  the  existing  tracks. 
The  northerly  part  of  the  platform  was  divided  through  the  center,  and 
the  space  was  occu]jied  by  two  pocket  tracks,  with  an  island  i)latform 
between  them,  raised  slightly  above  the  grade  of  the  main  structure. 
The  pocket  tracks  ended  just  south  of  the  old  Canal  Street  Station, 
where  they  turned  into  the  main  tracks.  N^orth  of  this  point,  the  line 
was  a  two-track  structure.  The  old  Canal  Street  Station  had  two 
side  platforms  extending  to  the  south  of  Canal  Street.  North  of  Canal 
Street,  the  structure  consisted  of  two  rows  of  fan-top  columns  support- 
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ing  the  track  structure.  The  old  Grand  Street  Station  was  between 
the  tracks,  with  the  platforms  extending  to  the  south  of  Grand  Street. 

The  new  track  layout  south  of  Canal  Street  retained  the  old  main 
tracks  in  approximately  their  old  location  for  local  service  on  the  City 
Hall  branch.  A  center  track  was  added  on  the  same  level  for  express 
service  on  the  City  Hall  branch,  and  between  the  center  track  and  the 
local  track  were  added  two  over-grade  tracks  to  connect  with  the  South 
Ferry  branch.  The  old  pocket  tracks  and  the  station  north  of  Chatham 
Square  were  removed.  Fig.  14  shows  a  cross-section  of  the  new  struc- 
ture just  north  of  Chatham  Square.  On  account  of  the  additional 
loading,  the  existing  columns  and  cross-girders  had  to  be  replaced  with 
new  and  heavier  ones.  The  existing  track  level,  which  it  was  necessary 
to  maintain  at  the  Chatham  Square  Junction,  was  close  to  the  street, 
so  that  the  new  cross-girders  had  to  be  made  very  shallow  compared 
with  their  span,  in  order  to  obtain  the  required  14  ft.  of  head-room 
under  the  structure.  The  use  of  twin  girders  was  first  considered, 
but  as  a  plate- girder  constrviction  was  practically  necessary,  this  type 
of  girder  was  abandoned  on  account  of  the  difficulties  in  making  con- 
nections to  and  maintaining  a  box-girder  construction.  Therefore, 
single  plate  girders,  with  heavy  flanges,  20  in.  wide,  were  used.  On 
account  of  the  width  of  the  flanges,  it  was  necessary  to  place  track  ties 
on  top  of  the  cross-girder,  in  order  not  to  space  the  ties  too  far  apart. 
The  tops  of  the  cross-girders,  therefore,  were  made  flush  with  the  tops 
of  the  track  stringers,  and  the  latter  were  supported  on  seats  attached 
to  the  web  of  the  cross-girders  and  had  the  same  depth. 

The  upper-level  tracks  were  supported  separately  by  framed  two- 
post  bents  of  the  same  width  as  the  distance  between  the  supported 
track  stringers.  The  bents  on  two  adjacent  cross-girders  were  braced 
together  longitudinally,  and,  in  order  to  prevent  sidewise  overturning, 
the  bents  were  spliced  to  the  supporting  cross-girders.  The  upper  local 
track  stringers  were  supported  on  the  bents  with  lips  18  in.  deep. 

In  order  to  facilitate  the  construction,  the  old  locations  of  the 
columns  on  the  sidewalk  were  retained;  this,  however,  involved  skew 
connections  between  the  columns  and  the  cross-girders,  as  well  as 
between  the  cross-girders  and  the  track  stringers. 

At  the  south  end  of  the  section,  where  the  existing  track  grade  was 
maintained,  the  old  track  stringers  of  the  existing  main  tracks  were 
used  in  the  new  work,  after  the  stringer  ends  had  been  remodeled  to 
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matcli  the  new  cross-girders.  Farther  north,  where  the  new  track  grade 
was  higher  than  the  old  one,  new  track  stringers  were  used,  because 
the  maintenance  of  traffic  necessitated  first,  the  erection  of  the  new 
cross-girders  and  the  framing  of  the  track  stringers  at  the  existing 
level,  and,  later,  the  raising  of  the  track  stringers  to  the  new  level. 
To  avoid  this  double  reconstruction  of  the  old  track  stringers,  which 
would  have  been  unsatisfactory  and  expensive,  they  were  remodeled  for 
the  temporary  connection  to  the  new  cross-girders,  and  new  stringers 
were  provided  for  the  final  position.  Fig.  15  shows  the  temporary 
and  permanent  arrangement  at  the  connection  of  the  stringers  and  the 
cross-girder.  The  old  stringers  were  carried  temporarily  on  seats  sup- 
ported by  the  column  brackets.  When  the  old  stringers  were  removed, 
additional  stiffeners  were  riveted  to  the  cross-girder  at  points  where 
the  new  stringers  were  supported  on  the  top  of  the  cross-girder.  Fig. 
15  also  shows  the  seats  supporting  the  upper  deck,  at  a  point  where 
the  upper  grade  approaches  the  elevation  of  the  lower  deck. 

The  new  express  station  at  Canal  Street  was  built  as  a  mezzanine 
station.  In  order  to  obtain  sufficient  head-room  for  the  mezzanine 
structure,  the  new  track  grade  was  raised  above  the  old  grade.  After 
the  design  was  completed,  the  City  authorities  decided  to  raise  the 
grade  of  Canal  Street  in  conjunction  with  the  approach  to  the  Man- 
hattan Bridge.  This  necessitated  a  further  raising  of  the  new  track 
level,  which  was  obtained  by  a  shortening  of  the  vertical  curves. 

Fig.  16  shows  the  cross-bents  supporting  the  mezzanine  station. 
AVhenever  it  was  possible,  the  columns  supporting  the  structure  were 
placed  in  the  roadway.  The  cross-girders  were  8  ft.  deep,  and  the 
mezzanine  station  occupied  the  full  depth  of  the  girders,  the  bottom  of 
the  mezzanine  floor  being  nearly  flush  with  the  bottom  of  the  girders. 
The  longitudinal  girders  in  this  span  were  set  on  top  of  the  cross- 
girders  and  carried  the  mezzanine  station,  the  platforms,  and  a  through 
bridge  construction  for  supporting  the  track.  Fig.  17  shows  the  details 
of  the  longitudinal  girders.  They  were  plate  girders,  and  the  web 
v.'as  extended  below  the  bottom  flange  of  the  girder  in  order  to  provide 
means  for  connecting  the  hangers  supporting  the  mezzanine  structure 

A  cross-section  of  the  remainder  of  the  structure  of  the  Canal  Street 
Station  is  shown  by  Fig.  18.  The  track  stringers  are  carried  on  seats 
attached  to  the  web  of  the  cross-girder,  and  the  top  of  the  stringers  is 
3  in.  below  the  l)ack  of  the  top  flange  angles  of  the  cross-girders.     This 
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;irraiiji('iiH'iiI  pci-inits  the  rail  to  he  carried  <'lcar  of  tlic  cross-^inkM- 
witlioiit  uiuhic  spacinji'  of  tlie  tios.  The  bottom  flange  of  the  stringers 
was  made  flush  with  tlie  bottom  of  the  cross-girders,  and  tlie  bottom 
rianges  of  the  stringers  and  cross-girder  were  connected  with  a  pU\te. 
The  phitfdrm  >triiigers  were  4  ft.  deep,  and  rested,  witli  a  lij)  2  ft. 
4  in.  deep,  on  the  top  of  the  cross-girders. 

The  structure  was  braced  with  diagonal  struts  from  the  center 
track  stringers  to  the  eohmiiis,  in  order  to  prevent  horizontal  deflection 
of  the  cross-girders  due  to  braking. 

From  north  of  the  Canal  Street  Station  to  the  south  end  of  the 
Grand  Street  Station,  the  distance  between  street-car  tracks  and  curb 
necessitated  ])lacing  the  columns  on  the  sidewalk.  The  existing  struc- 
ture consisted  of  two  rows  of  columns  supporting  the  track  struc- 
ture, one  on  each  side  of  the  street.  The  new  grade  of  the  tracks  was 
considerabl.v  higher  than  the  old  one  on  account  of  new  track  due 
t(i  the  mezzanine  stations,  but  it  was  necessary  to  keep  the  ends  of 
rhe  cross-girders  below  the  existing  track  work,  as  traffic  on  the  existing 
tracks  had  to  be  maintained  during  the  erection  of  the  new  structure. 
The  cross-girders,  therefore,  were  designed  as  shown  by  Fig.  19.  The 
bottom  Hange  of  the  cross-girders  was  kept  straight ;  the  middle  portion 
of  the  top  flange  was  kept  high,  partly  to  get  sufficient  depth  of  the 
girder  and  partly  to  bring  the  track  stringers,  which  were  set  on  top 
of  the  cross-girder,  to  the  proper  level.  At  the  ends,  the  top  flange 
of  the  cross-girder  was  brought  down  to  such  a  level  that  the  girder 
could  be  erected  without  interfering  with  the  ties,  of  the  existing  tracks. 

The  construction  through  the  Grand  Street  Station  was  similar 
to  that  just  descril)ed  except  that  twin  girder  construction  was  used 
to  carry  the  additional  load.  Fig.  20  shows  one  of  the  bents  carrying 
tlie  mezzanine  station  at  Grand  Street.  As  one  of  the  columns  could 
be  i)laced  in  the  street,  it  was  not  necessary  to  drop  the  one  end  of 
the  girder,  because  the  cantilever  end  was  not  erected  until  the  traffic 
on  the  existing  track  was  abandoned.  The  seat  at  the  other  end  of 
the  cross-girder  was  added  after  traffic  had  stopped  on  the  existing 
track,  and  was  required  for  the  support  of  the  through  bridge  girder 
carrying  the  track  floor.  The  construction  of  the  mezzanine  station 
was  the  same  as  that  at  Canal  Street.  Fig.  '21  shows  the  details  of  the 
bents  carrying  the  platforms  outside  of  the  mezzanine  station.  The 
seats  were  made  in  two  pieces,  because,  on  account  of  the  necessity 
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of  maintaining  traffic,  the  platform  could  not  be  constructed  to  its 
full  width  at  once.  In  order  to  prevent  longitudinal  deflection  of  the 
cross-girdt3rs,  horizontal  trusses  were  provided;  they  were  riveted  to 
the  bottom  flanges  of  the  stringers,  and  braced  to  the  columns,  as  shown 
by  Fig.  21. 

From  north  of  Grand  Street  Station  to  a  point  near  Delancey  Street, 
bents  of  the  same  type  were  continued,  owing  to  the  necessity  of 
keeping  the  columns  on  the  sidewalks.  As  the  distance  from  the 
stringers  to  the  colunms  was  too  great  to  use  a  diagonal  brace,  the 
method  of  bracing  was  changed  to  the  type  shown  by  Fig.  22.  A 
horizontal  stiffening  truss,  placed  at  the  center  of  the  span,  connected 
the  bottom  flanges  of  all  the  stringers  and  extended  at  each  end  out 
to,  and  was  connected  with,  the  top  flanges  of  vertical  stiffening  trusses 
between  the  columns. 

Details  of  Design. — Section  No.  2-B. — In  this  section,  which  ex- 
tended from  near  Delancey  Street  to  near  5th  Street,  all  the  columns 
of  the  new  structure,  with  the  exception  of  a  few  near  5th  Street, 
were  in  the  roadway ;  colunms  of  the  old  structure  were  at  the  curb  line, 
and  the  whole  new  structure,  therefore,  could  be  erected  without  inter- 
fering with  the  old  one,  except  at  the  connection  at  5th  Street. 
Fig.  23  is  a  typical  section  of  the  structure.  As  there  were  four  street- 
car tracks,  the  columns  of  the  bent  were  spaced  45  ft.  from  center  to 
center.  The  columns  were  originally  designed  with  tixed  bases, 
capable  of  resisting  the  moments.  It  developed,  however,  during  the 
construction,  that  it  would  be  necessary  to  let  a  gas  main  pass  directly 
through  the  center  of  the  foundations  on  both  sides  of  the  street,  and 
it  was  decided,  therefore,  that  it  would  be  safer  to  place  a  heavy  steel 
slab  on  the  top  of  the  foundations.  The  detachable  type  of  base,  with 
steel  slab  6  in.  thick,  therefore,  was  decided  on,  and,  for  the<  sake  of 
uniformity,  this  base  was  used  throughout  on  both  sides  of  the  street. 
The  cross-girders  were  designed  as  twin  lattice  girders.  The  twin 
girder  construction  was  used,  because  it  was  desired  not  to  carry  the 
structure  higher  than  necessary.  The  cross-girders  rested  with  lips 
on  top  of  the  columns,  and  were  braced  to  the  column  shaft  with  angle 
brackets.  The  standard  spacing  of  the  track  stringers  was  5  ft.  between 
the  stringers  of  each  pair  and  12  ft.  from  center  to  center  of  tracks. 
The  panel  spacing  w^as  arranged  so  as  to  bring  the  panel  points  directly 
under  the  track  stringers. 
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Fi^-.  -T)  shows  tlie  details  ot"  tlic  ends  of  the  track  striiijicrs.  The 
girders  were  supported  on  the  top  of  the  cross-girder  with  lips.  As 
it  was  impossible  to  avoid  secondary  stresses  at  the  support,  the  top 
chord  was  reinforced  with  l:^-in.  chanuels.  Fig.  26  shows  the  lateral 
stiffening  trusses  and  the  braces  to  the  columns.  It  will  be  noted 
that  the  braces  have  the  additional  function  of  fixing  the  tops  of  the 
columns,  the  braces  and  the  stringer  to  which  they  are  attached  acting 
together  as  a  stiffening  truss. 

The  Houston  Street  Station  is  included  in  this  section ;  its  general 
construction  is  similar  to  that  of  other  mezzanine  stations  on  the 
Bowery.  As  at  the  other  stations,  the  depth  of  tlie  cross-girders  was 
made  to  conform  to  the  height  of  the  mezzanine.  Through  bridge 
girders  carried  the  platform  and  track  construction  over  the  mezzanine 
station. 

Details  of  Design. — Section  No.  3. — Prior  to  the  reconstruction  there 
existed  on  the  Third  Avenue  Line  between  5th  and  116th  Streets, 
which  portion  comprised  Section  No.  3,  a  partial  center-track  con- 
struction, in  fact,  an  express  service  was  in  operation  north  of  42d 
Street.  South  of  the  42d  Street  Station  center-track  girders  were  in 
existence  at  a  few  isolated  points,  but,  generally,  the  structure  con- 
sisted of  two  tracks  supported  directly  on  top  of  the  columns  and 
braced  together  with  an  arch-shaped  strut,  as  shown  by  Fig.  24.  The 
columns  were  of  the  fan-top  type,  hereinbefore  described.  Originally, 
this  structure  was  designed  to  carry  only  the  load  of  the  track  sup- 
ported directly  by  the  columns,  but,  as  a  center  track  was  added  in 
l)laces,  in  the  course  of  time,  it  became  necessary  to  reinforce  the 
flaring  portion  of  the  column,  and  a  design  for  the  reinforcement  was 
developed.  This  design.  Fig.  27,  was  used  also  for  the  reinforcement  of 
the  columns  included  in  the  new  work.  The  general  principle  of  the 
design  was  that  the  load  of  the  stringers  supporting  the  outside  tracks 
should  be  transferred  to  the  columns  as  before,  and  that  the  load  of 
the  center  track  should  be  carried  by  a  cross-girder  to  the  center  of 
the  column,  where  it  was  supported  on  two  I-beams,  framed  into  two 
channels,  riveted  to  plates,  which  were  riveted  to  the  flaring  flanges  of 
the  column  channels.  These  plates  also  strengthened  the  curved  por- 
tions of  the  column  channels  which  took  the  load  of  the  outside  track 
stringers.  This  somewhat  involved  construction  was  necessary,  in 
order  to  be  able  to   do  the  riveting   in   the  closed  space  between  the 
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channels  and  the  plates.  The  new  cross-girders  were  plate  girders. 
To  facilitate  erection,  they  were  made  in  three  pieces,  as  shown  by 
Fig.  28.  The  outside  track  stringers  rested  on  the  bottom  flange  of 
the  cross-girders,  and  were  supported  directly  by  the  column.  The 
center  track  stringers  were  framed  into  the  cross-girder  at  the  fixed 
connections,  and  rested  on  seats  at  the  expansion  end.  The  new  track 
stringers  were  plate  girders. 

On  this  section,  the  stations  at  9th,  23d,  42d,  and  l()6th  Streets 
were  rebuilt  for  express  service.  As  there  was  not  sufficient  head-room 
at  any  of  these  stations  for  a  mezzanine  station,  the  "hump"  type  of 
express  stations  was  used.  Fig.  32  shows  portions  of  the  southerly 
approach  to  the  42d  Street  Station.  As  there  were  no  center  track 
girders  at  this  location  prior  to  the  reconstruction,  new  cross-girders 
and  stringers  were  provided.  The  cross-girders  had  to  conform  to  the 
elevation  of  the  existing  local  tracks,  while  the  center-track  stringers 
were  rising  above  the  grade  of  the  local  tracks.  In  the  first  few  spans, 
where  the  stringers  came  slightly  above  the  top  flange  of  the  cross- 
girdei%  they  were  cut  to  make  room  for  the  cross-girder  flange.  When 
raised  sufficiently,  a  lip  construction  was  used  until  the  stringer  was 
clear  of  the  cross-girder.  Seats  and  bents  were  used  thereafter  to 
support  the  stringers.  The  bents  consisted  of  two  posts,  placed  5  ft. 
from  center  to  center,  braced  together,  and  set  on  top  of  the  cross- 
i;irders.  The  bent  was  braced  longitudinally  with  two  diagonal  struts 
supported  on  longitudinal  lattice  stifl^ening  trusses  framed  into  the 
cross-girders  in  the  fixed  spans. 

The  north  approach  differs  somewhat  in  certain  details,  because 
the  cross-girders  and  center-track  stringers  were  in  place  prior  to  this 
work.  The  center-track  stringers  were  retained  in  place,  in  order  to 
stiffen  the  structure,  and  the  raised  track  was  constructed  on  top  of 
these  stringers.  At  the  low  portion  of  the  approach,  tapered  girders, 
as  shown  by  Fig.  33,  were  riveted  to  the  top  flange  of  the  existing 
stringers.  As  the  height  of  the  new  track  above  the  old  one  became 
greater,  plate-girder  seats,  resting  on  top  of  the  track  stringers  close 
to  the  cross-girder,  were  used,  and  finally  A-shaped  towers,  with  the 
posts  resting  on  the  stringers.  The  reason  for  supporting  the  seats 
and  the  towers  on  the  stringer  ends,  rather  than  directly  on  the  cross- 
girder,  was  that  the  presence  of  the  old  track  stringers,  framed  into 
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the  cross-girders,  did  not  permit  a  satisfactory  connection  of  the  sup- 
porting bent  to  the  cross-girder. 

Fig.  31  shows  a  cross-section  of  the  structure  at  the  platforms.  The 
ends  of  the  express-track  stringers  which  rest  on  top  of  the  bent,  are 
cut  so  as  to  form  seats  for  two  24-in.  I-beams  which  are  flush  at  the 
top  with  the  top  of  the  stringers,  and  cantilever  at  each  end,  the 
cantilever  ends  supporting  the  inside  girders  which  carry  the  express 
platform.  The  outside  edge  of  the  platform  was  supported  on  girders 
resting  on  columns  which  were  again  supported  by  the  lower-level 
cross-girders.  In  order  to  make  the  vertical  distance  from  the  lower 
deck  to  the  upper-deck  platform  as  small  as  possible,  the  express  plat- 
form construction  was  made  very  shallow.  On  account  of  the  addi- 
tional loading,  due  to  the  express  platforms,  the  lower-deck  cross- 
girders  and  columns  were  renewed. 

At  42d  Street  there  is  a  branch  leading  to  the  New  York  Central 
Terminal  Station,  to  which  passengers  transfer  from  the  Third  Avenue 
Line  Station  at  42d  Street.  Before  the  reconstruction,  access  to  this 
branch  from  the  up-town  platform  at  42d  Street  was  had  by  a  bridge 
crossing  over  the  tracks  to  the  down-town  platform,  which  connected 
directly  with  the  branch  platform.  The  overhead  bridge  interfered 
with  the  new  overhead  express  station  structure  and  therefore  was 
removed,  and  in  its  place  a  bridge  was  provided  under  the  lower 
deck  structure.  On  account  of  the  small  head-room  between  the  street 
and  the  structure,  the  depth  of  the  stringers,  under  which  the  bridge 
had  to  pass,  was  cut  down,  as  shown  by  Fig.  29.  The  old  stringers 
were  lattice  girders.  The  remodeled  portions  of  the  stringers  were  rein- 
forced with  web-plates. 

Details  of  Design. — Section  No.  Jf-A. — Section  No.  4-A  comprised 
the  Second  Avenue  Line  from  Chatham  Square  to  116th  Street.  Prior 
to  this  reconstruction  work,  a  center-track  construction  existed  on  cer- 
tain portions  of  the  line.  The  work  comprised  the  completion  of  the 
center-track  structure;  the  double  latticing  of  the  existing  center-track 
stringers;  the  reconstruction  of  the  stations  at  14th,  42d,  and  86th 
Streets  for  express  service;  and  the  rebuilding  of  the  island  station  at 
92d  Street. 

Fig.  30  shows  a  cross-section  of  the  structure  before  the  reconstruc- 
tion.    The  columns  are  of  the  six-section   Phoenix  type.     The  cross- 
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girders  are  twin  lattice  girders  and  the  track  stringers  are  lattice  girders 
supported  on  to])  of  tlie  cross-girders  by  a  lip  7  in.  deep. 

Wliere  tlie  work  consisted  of  adding  center-track  girders  only,  no 
changes  were  made  to  the  existing  structure.  As  it  was  generally 
desirable  to  have  the  center  track  at  the  same  elevation  as  the  outside 
tracks,  and  necessary  at  switches  and  cross-overs,  the  new  center-track 
stringers  were  also  designed  with  a  7-in.  lip,  as  shown  by  Fig.  34. 
The  effective  lip  consisted  of  the  top  flange  angles,  the  bottom  angles 
of  the  lip  which  were  extended  about  4  ft.  over  the  main  portion  of 
the  girder,  and  two  G-in.  ship-building  channels,  also  extended  4  ft. 
over  the  main  portion  of  the  girder.     The  end  shear  is  3G  000  lb.  for 


SEVEN -INCH 
LIP  STRINGER 


ENLARGED  SECTION  B-B 
Fig.    34. 

a  45-ft.  span,  which  is  the  standard  length,  and  the  section  modulus 
of  the  combined  lip  section  is  58.6.  Assuming  the  load  on  the 
lip  to  be  applied  12  in.  from  the  main  portion  of  the  girder,  the  maxi- 
mum stress  in  the  lip  is  7  500  lb.  This,  however,  is  only  true  if  the 
rivets  connecting  the  different  sections  of  w^hich  the  lip  is  constructed 
are  sufficient  to  make  them  act  together  as  a  unit.  The  rivets  in  the 
wcl)  jiortion  of  the  lip  were  not  sufficient  for  this  purpose,  as  they  were 
too  close  to  the  neutral  axis.  The  channel  section,  therefore,  was  used, 
in  order  to  be  able  to  utilize  the  rivets  in  the  horizontal  flanges  to  take 
up  the  shear,  and  as  the  flanges  in  a  standard  6-in.  channel  were  too 
narrow  to  use  i-in.  rivets,  the  ship-building  ch:muel  was  selected. 


2083  MANHATTAN    ELEVATED   EAILWAY    IMl'KOYEMENTS      [Papers. 

As  the  liead-rooin  under  the  structure  at  the  14th  Street  Station 
did  not  permit  the  construction  of  a  mezzanine  station,  the  "hiimp"  type 
of  express  station  was  used.  At  this  station,  prior  to  the  reconstruc- 
tion, there  existed  center-track  girders,  but  they  were  removed,  as 
they  interfered  with  the  construction  of  the  new  bents,  and  were  not 
used  in  the  new  structure,  as  the  7-in.  lip  construction  of  these  girders 
was  not  desirable  in  the  new  work.  Fig.  35  shows  the  details  of  the 
new  structure  carrj-ing  the  express  track.  Lips  of  increasing  depth 
were  used  to  raise  the  track  stringers  to  the  new  grade  at  the  begin- 
ning of  the  approach.  When  the  stringers  reached  above  the  cross- 
girders,  pedestals,  riveted  to  the  ends  of  the  stringers,  were  used,  being 
intended  at  the  same  time  to  stiffen  the  stringers  longitudinally.  When 
the  pedestals  reached  a  height  of  about  5  ft.,  two-post  bents  were  used 
for  supporting  the  track  stringers.  These  bents  were  stiffened  hori- 
zontally in  pairs,  as  shown,  and  were  held  from  lateral  overturning  by 
plates  riveted  to  the  bottom  of  the  posts  and  extending  through  the 
space  between  the  twin  cross-girders  to  connection  with  the  vertical 
web  member  of  the  cross-girders. 

The  bents  in  front  of  the  express  station  platform  were  provided 
with  plate  brackets  for  the  support  of  the  inside  express  platform 
girders ;  the  outside  platform  girders  were  carried  on  columns,  as  shown 
by  Fig.  30,  extending  through  the  lower-deck  platforms,  and  supported 
on  the  lower-deck  cross-girders.  The  deck  construction  of  the  plat- 
form w^as  made  very  shallow,  as  at  the  other  hump  stations,  in  order 
to  keep  the  level  of  the  upper  deck  as  low  as  possible. 

The  86th  Street  Station  was  also  a  hump  station.  In  the  original 
scheme,  no  express  station  was  to  be  built  at  this  location,  but,  after 
all  the  steel  for  the  new  track  stringers,  which  were  designed  with 
7-in.  lips,  to  be  set  directly  on  top  of  the  existing  cross-girder,  had 
been  fabricated  and  delivered,  the  Public  Service  Commission  ordered 
an  express  station  to  be  built  there.  The  general  details  of  the  steel 
structure  were  similar  to  those  at  14th  Street,  except  that  seats  were 
provided  on  top  of  the  supporting  bents  to  carry  the  lip  ends  of  the 
track  stringers  as  fabricated. 

The  42d  Street  Station  had  originally  two  side-platforms.  As  the 
head- room  from  the  street  to  the  under  side  of  the  structure  could  be 
made  sufficient  to  place  a  mezzanine  station  by  raising  the  existing 
track   construction    about    1    ft.,   this   type  of   station   was   decided   on 
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at  this  point.  The  raisinj;  of  the  track  structure  was  accomplished 
without  disturbing  the  existing:  cohnnns  and  cross-jrirders,  by  support- 
ing tlie  lips  of  the  track  stringers  on  seats,  resting  on  top  of  the  cross- 
girders.  As  the  n(>w  arrangement  of  the  station  required  considerably 
greater  width  of  structure  than  formerly,  the  cross-girders  were 
extended  at  both  sides,  the  extensions  being  carried  by  columns  from 
the  sidewalk  near  the  curb  line;  in  other  words,  after  the  reconstrue- 
ti'iii.  ;ill  \\\v  cross-bents,  carrying  the  station  structure,  were  four- 
coliinin  bents,  except  one,  which  was  in  the  center  of  42d  Street,  where 
the  traffic  conditions  prohibited  the  placing  of  additional  columns. 
Before^  tli(^  reconstruction,  a  few  of  the  bents,  which  supported  the  old 
station  buildings,  had  the  cross-girders  extended  to  the  sidewalk,  where 
they  were  supported  by  columns;  the  old  sidewalk  columns  were  gen- 
erally retained,  but  the  cross-girder  extensions  were  renewed  in  order 
to  carry  the  new  track  loads,  as  shown  by  Fig.  37.  The  new  extensions 
were  made  a  twin-girder  construction  in  order  to  provide  supports 
for  tlie  old  track  stringers  which  were  shifted  to  the  new  location. 
In  order  to  prevent  secondary  stresses  in  the  cross-girder,  the  top 
chords  of  the  existing  cross-girders  were  cut  above  the  street  columns, 
so  as  to  make  the  cross-girder  act  as  three  spans  of  simply  supported 
girders. 

Fig.  38  shows  one  of  the  bents  in  the  span,  where  the  mezzanine 
station  was  placed.  As  the  existing  cross-girder  was  not  sufficiently 
strong  to  carry  the  additional  loading,  which  included  the  mezzanine 
station,  a  new  twin  cross-girder,  divided  into  three  pieces  at  the  points 
of  supports,  was  constructed.  The  portions  of  this  girder  over  the 
central  supports  were  made  with  solid  webs,  in  order  to  get  sufficient 
rivets  to  carry  the  shear,  and,  to  make  tlic  section  open  for  painting, 
etc.,  holes  were  cut  in  the  webs,  as  shown  on  Fig.  38.  The 
existing  street  columns  were  retained  for  the  support  of  this  bent, 
but  the  sidewalk  cohnnns  were  renewed  in  order  to  make  connections 
for  brackets  to  support  the  new  stairways  leading  to  the  mezzanine. 
The  other  bent,  supporting  the  mezzanine  station,  was  in  the  center 
of  42d  Street  and,  therefore,  could  not  be  provided  with  more  than 
two  supporting  columns.  Fig.  39  shows  the  details  of  this  bent.  New 
and  heavy  columns  with  over-all  dimensions  of  15  by  18  in.  were  used 
to  support  the  new  twin  cross-girders,  which  were  made  fi  ft.  deep  in 
order  tliat  thev  would  be  strong  enough  to  carry  the  loading  on  the 
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cantilevers,  1(1  ft.  G  in.  long.  The  track  was  carried  on  through  bridge 
girders,  which  also  supported  the  platforms  and  the  suspended  mezza- 
nine station. 

At  92d  Street  the  structure  is  high  above  the  street.  The  old 
station  had  a  center  platform,  and  the  station  building  was  at  platform 
level.  Access  to  the  station  was  obtained  by  stairs  at  both  sides  of 
the  street.  The  stairs  were  connected  by  a  bridge  under  the  track 
structures,  and  a  stairway  led  from  this  bridge  to  the  station  building. 
As  the  station  building  and  the  center  platform  were  in  the  way  of 
the  new  center  track,  the  station  was  reconstructed  with  side  platforms 
and  a  mezzanine  station  building,  before  the  existing  station  structure 
was  removed.  Fig.  36  shows  the  construction.  The  twin  cross-girders 
were  lengthened  to  support  the  new  platform  girders,  and  the  latter 
were  set  on  top  of  the  cross-girders,  and  carried  the  new  platform 
construction.  For  the  support  of  the  mezzanine  station,  two  girders 
were  framed  into  the  Phoenix  columns  supporting  the  structure, 
one  on  each  side  of  the  street  in  the  span,  when  the  mezzanine  station 
was  built.  As  it  was  not  considered  advisable  to  disturb  the  existing 
riveting  of  the  Phoenix  columns,  beveled  fillers,  with  holes  cut  at 
the  locations  of  the  rivet  heads,  were  added  between  the  flange  of  the 
column  and  the  splice-plates,  connecting  the  girders  to  the  column. 

The  purpose  of  double  latticing  the  existing  center-track  stringers 
was  to  reduce  the  bending  stress  in  the  top  flanges  by  short- 
ening the  distance  between  the  panel  points,  and  to  reinforce  the 
connection  at  the  end  lip,  which,  experience  has  shown,  is  the  weakest 
point  of  the  stringer.  The  general  method  of  reinforcing  is  shown 
by  Fig.  44  and  is  the  standard  reinforcement  for  track  stringers  of 
this  type  used  prior  to  this  work.  The  method  of  end  reinforcing 
is  not  entirely  satisfactory,  as  the  rivets  are  in  tension,  but,  never- 
theless, it  acts  as  an  additional  safeguard. 

Details  of  Design. — Section  No.  5-A. — Section  No.  6-A  included 
the  Third  Avenue  Line  between  116th  and  129th  Streets  and  in  129th 
Street  between  Third  and  Second  Avenues.  The  work  involved  the 
reconstruction  of  the  station  at  125th  Street  for  express  service  and 
the  connection  of  the  express  track  with  the  upper  deck  of  the  Harlem 
River  Bridge.  North  of  125th  Street  Station  it  was  desired  to  retain 
the  existing  center  track  on  the  lower  level,  as  it  was  used  as  the 
main    north-bound    track,    while    the    outside    track    was    used    as    an 
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approacli  trat-k  to  the  Conipauy's  Yard  at  129th  Street.  It  became 
necessary,  therefore,  to  carry  the  over-head  track  high  enough  to  pro- 
vide sufficient  head-room  for  the  trains  below,  and  as  it  was  desired 
to  keep  the  over-head  track  approximately  level  through  the  station, 
this  height  was  maintained  to  the  south  end  of  the  over-head  platforms. 
The  approach  to  the  over-head  track  commenced  at  a  point  near 
121st  Street.  As  there  had  been  a  center-track  structure  prior  to  the 
reconstruction,  the  general  type  of  construction  was  similar  to  that 
described  imder  Section  No.  3,  for  the  northerly  approach  to  the  42d 
Street  Station,  with  tapered  girders,  seats,  and  towers  supporting  the 
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over-head  tracks.  Fig.  41  shows  a  cross-section  of  the  upper-deck 
structure  at  the  station.  On  account  of  the  upper-deck  track  being 
carried  higher  above  the  grade  of  the  lower  deck  than  at  42d  Street, 
it  was  possible  to  carry  cross-girders  above  the  local  tracks  to  support 
the  express  platform  girders.  These  cross-girders  are  supiwrted  at 
the  inside  by  the  towers  carrying  the  track  structure  and  at  the  out- 
side by  columns  resting  on  the  lower-deck  cross-girders. 

North  of  the  125th  Street  Station,  where  the  lower-deck  center 
track  was  retained,  the  distance  between  the  tracks  was  increa.sed  by 
moving  the  supporting  track  stringers  sidewise  with  the  tracks  to 
make  room  for  the  columns  of  two-column  bents,  set  on  the  top  of 
the  lower-deck  cross-girders  to  carry  the  upper-deck  track  structure. 
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Fig.  42  shows  the  details  of  these  bents.  The  column  section  was  made 
only  12  in.  wide,  in  order  to  make  the  sidewise  shifting  of  the  tracks 
as  small  as  possible.  The  columns  were  spliced  to  the  supporting 
lower-deck  cross-girders,  and  extended  to  the  top  of  the  upper-deck 
cross-girders,  which  were  riveted  to  the  column  shafts.  The  upper- 
deck  track  stringers  were  of  the  lip  type,  resting  on  top  of  the  cross- 
girders,  and  the  bottoms  of  the  stringers  were  flush  with  the  bottoms 
of  the  cross-girders.  Longitudinally,  the  bents  were  provided  with 
stiffening  trusses  extending  from  the  top  of  the  columns  to  within 
about  6  ft.  of  the  lower  track  level,  so  as  to  leave  a  clear  walking 
space  below  the  trusses. 


Fig.  47 


Fig.  49 


At  128th  Street,  the  presence  of  a  cross-over  on  the  lower  deck 
prevented  the  placing  of  the  columns  for  an  upper-deck  bent  on  the 
lower  cross-girder,  and  the  upper-deck  structure,  therefore,  was  car- 
ried a  distance  of  about  90  ft.  between  the  supports.  A  through  bridge 
construction  was  used  for  this  span,  as  shown  by  Fig.  43,  in  order  to 
get  sufficient  depth  of  the  longitudinal  girders.  Fig.  43  shows  also 
a  cross-section  of  one  of  the  supporting  bents.  As  the  column  section 
could  not  be  materially  widened,  on  account  of  the  necessity  of  main- 
taining the  proper  clearance  between  the  side  of  the  car  and  the  column, 
the  column  section  necessary  for  the  increased  vertical  loading  and 
wind  stresses  was  obtained  by  increasing  the  column  shaft  lengthwise. 
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The  thr(iuL;li  ItiM^to  f?irders  were  supported  directly  on  (op  of  the 
columns,  and  the  secondary  track  stringers  were  framed  into  the 
floor-beam  {rirders.  The  track  strinj^ers  of  the  adjacent  spans,  which 
were  of  the  standard  11  j)  type,  were  supported  on  seats  attached  to 
the  web  of  the  end  floor-beam  girders. 

The  other  bent,  supporting  the  through  bridge  girders,  is  shown 
by  Fig.  45.  On  account  of  the  lower-level  track  layout,  the  columns 
.M!pi)ortiiig  the  upper-deck  structure  had  to  be  placed  outside  of  the 
lower-deck  tracks.  They  were  made  15  in.  square  in  cross-section, 
and  one  of  them  was  carried  down  to  the  street,  making  the  lower-deck 
bent  a  three-column  bent.  This  was  made  necessary  because  the 
tracks  of  the  lower  deck  at  this  point  curved  into  the  129th  Street 
Yard,  and,  therefore,  were  considerably  outside  of  the  regular  street 
columns.  The  other  column  was  supported  by  the  cantilever  end  of 
the  new  lower-deck  cross-girder. 

From  the  south  end  of  the  125th  Street  Station  to  a  point  north 
of  12Sth  Street  the  existing  columns  and  cross-girders  were  replaced 
with  a  new  structure  on  account  of  the  added  loading,  as  shown  by 
Figs.  42  and  45.  As  reinforcement  for  these  girders  had  been  designed 
and  fabricated  ready  to  place  prior  to  this  reconstruction  work,  it 
was  first  intended  to  use  this  material,  with  such  additional  material 
as  might  be  required,  for  reinforcing  the  existing  cross-girders  to 
carry  the  additional  load.  It  was  found,  however,  that  the  weight 
of  the  reinforcing  material  greatly  exceeded  that  of  a  new  girder, 
and  that  the  field  work  would  be  considerably  greater;  it  was  decided, 
therefore,  as  previously  stated,  to  use  new  girders.  South  of  the' 
125th  Street  Station  the  cross-girders  were  reinforced,  as  shown  by 
Fig.  50.  The  track  stringers  of  the  lower  deck  were  remodeled  at 
the  ends  to  connect  to  the  reinforced  and  new  cross-girders.  Riveted 
connections  were  made  at  the  fixed  points,  and  seats  were  provided  at 
the  expansion  points,  as  shown  by  Fig.  50. 

North  of  the  125th  Street  Station,  where  the  outside  track  girders 
were  shifted,  the  procedure  was  first  to  erect  the  new  cross-girders 
with  the  stringers  in  the  original  position,  and  then  to  shift  the 
stringers  to  their  new  position.  The  cross-girders  were  provided,  there- 
fore, with  temporary  seats  for  the  girders  in  the  old  ]iosition,  as  well 
as  with  permanent  scats. 
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The  existing  structure  iu  129th  Street  was  sufficiently  strong  to 
carry  the  additional  loading  of  the  upper  level  track  without  rein- 
forcement. At  the  westi'rl\  end  of  129th  Street,  the  existing  structure 
carried  a  wide  platform  of  the  129th  Street  Station.  The  columns 
supporting  the  upper-track  structure  were  carried  through  this  plat- 
form to  the  lower-deck  cross-girders,  to  which  they  were  spliced.  East 
of  the  platform  the  column  locations  were  determined  hy  the  track 
arrangement  of  the  lower  deck.  The  general  details  of  the  bents  were 
similar  to  those  of  the  bents  in  Third  Avenue,  north  of  the  125th  Street 
Station,  except  that  the  stringers  weri)  supported  on  seats  attached  to 
the  web  of  the  cross-girders  and  that  the  latter,  in  several  cases, 
eantilevered  at  the  one  end  over  the  column  and  supported  the  one 
line  of  track  stringers  on  the  cantilever  end,  as  shown  by  Fig.  46.  At 
the  east  end  of  the  structure,  the  new  track  divided  into  two  to  connect 
with  the  upper-deck  tracks  of  the  Harlem  River  Bridge. 

Details  of  Design. — Section  No.  5-B. — Section  No.  5-B  covered  the 
structure  of  the  Second  Avenue  Line  in  Second  Avenue  between  llGth 
and  129th  Streets.  The  existing  structure  carried  three  tracks  between 
116th  Street  and  the  entrance  to  the  Yard  at  129th  Street.  Beyond 
this  point  there  was  a  two-track  connection  to  the  existing  Harlem 
River  Bridge  Stations  at  121st  and  127th  Streets,  The  existing  type 
of  structure  was  as  shown  by  Fig.  30  and  described  under  Section 
No.  4- A,  consisting  of  Phoenix  columns,  twin-lattice  cross-girders,  and 
lattice  track  stringers  supported  on  the  cross-girders  by  lips,  7  in.  deep. 

The  new  plan  involved  replacing  the  existing  station  at  127th  Street 
witli  a  new  express  station  at  125th  Street,  the  connection  of  the 
express  and  local  tracks  with  the  upper  deck  of  the  new  Harlem  River 
Bridge,  and  the  connection  of  the  reconstructed  local  tracks  with  the 
lower  deck  of  the  Harlem  River  Bridge  and  with  the  Yard. 

The  existing  structure  at  125th  Street  was  low,  but,  in  order  to 
make  proper  connection  to  the  upper  deck  of  the  Harlem  River  Bridge, 
it  was  raised  sufficiently  to  make  it  possible  to  construct  the  new  station 
at  125th  Street  as  a  mezzanine  station.  All  three  tracks  were  raised, 
starting  at  a  point  near  122d  Street,  and,  at  125th  Street,  the  rise 
amoimted  to  about  7i  ft. 

Fig.  51  shows  the  construction  used  to  raise  the  track  at  the  begin- 
ning of  the  grade.  The  ends  of  the  track  stringers  were  remodeled, 
?nd  the  sizes  of  the  supporting  lips  were  gradually  increased  until  a 
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l)oint  Avas  reached  where  the  track  stringers  rested  entirely  on  top 
of  the  cross-girders.  After  this  point  was  reached  the  existing  cross- 
girders  were  raised  with  the  track  stringers,  which  necessitated  rephicing 
the  existing  columns  with  new  and  longer  ones,  but  did  not  involve 
any  change  in  the  track  stringers.  Fig.  52  shows  the  details  of  the 
new  columns  and  their  longitudinal  and  transverse  bracing,  which 
extends  from  the  top  of  the  columns  to  within  about  14  ft.  of  the 
street  level.  The  coknun  section  was  the  standard  section  used  for 
the  improvement  works.  On  account  of  the  wide  base  of  the  support 
of  the  cross-girder  on  the  column  tops,  and  the  stiffeners  of  the  cross- 
girder,  no  splicing  of  the  columns  to  the  cross-girder  was  necessary. 


REMODELING  OF  CENTER  TRACK   LONGITUDINAL  GIRDERS 
AT  BENT  892 

Fig.    51. 

As  the  columns  had  to  be  erected  under  cross-girders  in  place  and 
over  existing  foundations  with  anchor-bolts  in  place,  a  detachable  type 
of  base  w^as  used,  but,  on  account  of  the  sub-surface  conditions,  they 
differed  somewhat  from  those  already  described.  There  was  a  1-2-in. 
gas  pipe  and  also  a  12-in.  water  main  at  the  west  side  of  Second  Avenue, 
almost  directly  under  the  columns.  The  old  foundations,  which  were 
retained,  were  divided  at  the  top  into  three  parts,  with  the  gas  and 
v;ater  mains  jiassing  between  the  three  portions  of  the  foundations. 
The  old  columns  had  cast-iron  bases,  into  which  the  column  shafts 
fitted  and  were  connected  by  rust  caulking.  Some  of  the  east-iron 
bases  were  shaped  to  bridge  across  the  openings  in  the  foundations, 
and   others  rested   on   top   of  grillage  beams   spanning   the   openings. 
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riu'  dctiU'liahli'  parts  of  tlic  new  bases  were  made  of  a  similar 
sliape  to  tit  the  anchor-bolts,  but  they  were  of  cast  steel,  and  were 
connoeted  to  the  fixed  portion  of  the  base  by  six  bolts,  as  shown  by 
Fig-.  .")■_'.  The  bases  on  the  east  side  of  the  street,  where  the  foundations 
were  built  in  one  piece,  were  made  shorter,  but,  for  the  sake  of  uni- 
formity, of  a  similar  construction. 


NEW  COLUMNS  AND 
STIFFENING  TRUSSES 
SECOND  AVENUE  LINE 
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The  width  of  the  structure  had  to  be  increased  throughout  the 
125th  Street  Station  on  account  of  the  additional  space  needed  for 
the  phitforms.  This  was  accomplished  by  adding  new  pieces  to  both 
ends  of  the  cross-girders,  supported  at  one  end  by  seats  attached  to 
the  existing  cross-girders  and  at  the  other  end  by  columns  on  the 
sidewalk,  near  the  curb  line.  At  135th  Street,  where  the  curvature 
of  the  curb  around  the  street  corners  prevented  the  placing  of  the  side- 
walk columns  on  line  with  the  other  sidewalk  columns,  the  cross-girder 
extensions  were  lengthened,  and  the  columns  were  placed  along  the 
curb  line  in  125th  Street  on  line  with  the  Second  Avenue  building  line. 

Fig.  53  shows  the  details  of  the  seats  and  the  cross-girder  exten- 
sions. The  existing  twin  cross-girders  had  flange  angles  turned  back 
to  back,  and  each  had  four  angle  end  stiffeners.  Plates  were  inserted 
between  each  set  of  stiffener  angles  extending  beyond  the  end  of  the 
girder,  and  the  seat  was  attached  to  these  plates;  the  cross-girder 
extensions  rested  with  a  lip  on  these  seats  where  the  existing  track 
stringers  were  to  be  supported  on  these  extensions,  the  tops  of  the 
extensions  were  made  flush  with  the  existing  cross-girders,  and  wide 
seats  were  made  at  the  proper  places  for  the  lips  of  the  track  stringers 
to  rest  on. 

The  mezzanine  station  was  placed  in  the  span  across  125th  Street, 
and  this  span  was  63  ft.  long.  As  usual  at  mezzanine  stations,  the 
whole  construction  was  carried  by  through  bridge  girders  in  this  span, 
as  shown  by  Fig.  54.  For  the  purpose  of  obtaining  better  end  details, 
the  cross-girder  extensions  in  this  span  were  set  with  the  top  flanges 
higher  than  the  main  portion  of  the  cross-girders,  and  the  end  lips 
of  the  outside  through  bridge  girders,  which  rested  on  the  extension, 
were,  therefore,  somewhat  different  from  those  of  the  other  through 
bridge  girders.  The  center  through  bridge  girders,  which  also  acted 
as  platform  girders,  had  end  lips  nearly  the  full  width  of  the  flanges 
of  the  supporting  twin  girders  on  end  seats,  so  as  to  distribute  the 
load  uniformly  over  the  twin  girders.  The  outside  through  bridge 
girders,  which  carried  a  load  very  much  smaller  than  the  other  girders, 
were  supported  by  a  shallower  flange  on  the  cross-girder  extensions. 
The  adjacent  track  stringers  of  the  outside  tracks  were  remodeled  and 
carried  on  seats  on  the  girder  extensions.  The  through  bridge  floor 
consisted  of  built-up  floor-beams  and  secondary  track  stringers  con- 
sisting of  pairs  of  I-beams  framed  into  the  floor-beams. 
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Outside  of  the  inc/./.aninc  span,  the  platform  stringers  consisted  of 
plate  girders  supported  on  top  of  the  track  stringers.  Fig.  47  shows 
a  cross-section  of  the  structure  at  the  through  bridge  span  and  outside 
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of  this  span.  On  account  of  the  heavy  load  on  the  columns  in  the 
through  bridge  span,  they  were  built  up  of  the  following  material: 
two  IS-in.,  nO-lb.  channels,  four  6  by  4  by  |-in.  angles,  and  one  13  by 
J-in.  web-plate. 
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North  of  till'  lL'.")tli  Street  Station  the  three-track  line  was  changed 
into  four  tracks,  with  the  two  center  tracks  ascending  to  the  level  of 
the  uppir  (lick  df  the  Harlem  River  Bridge  and  the  two  outside  tracks 
descending  to  the  original  level  just  south  of  128th  Stre(!t  where  con- 
nection was  made  Avith  the  129th  Street  Yard.  The  details  of  the 
lower-dock  reconstruction  weri'  similar  to  those  south  of  the  125th 
Street  Station.  The  upper-deck  structure,  as  far  as  the  yard  cross- 
ing, consisted  of  two-jjost  hents  set  on  top  of  the  lower-deck  cross- 
girders,  braced  laterally  and  longitudinally.  At  one  point,  where  the 
outside  lower  track  turns  under  the  new  upper-deck  structure,  the  dis- 
tance betw'een  the  track  levels  required  very  shallow  track  girders,  as 
shown  by  Fig.  48.  In  order  to  gain  as  much  depth  as  possible,  these 
girders  were  tapered,  the  top  flange  following  the  grade  of  the  upper- 
deck  track,  and  the  lower  tlange  being  horizontal. 

North  of  the  yard  crossing,  the  lower-deck  tracks  were  carried  under 
the  upjier-deck  tracks  in  order  to  obtain  as  easy  curves  as  possible  at 
the  connection  to  the  Harlem  River  Bridge.  Fig.  49  shows  a  typical 
bent  supporting  the  structure  at  this  location.  As  the  span  was  wide 
the  cross-girders  were  made  deeper,  extending  above  the  top  of  the 
track  stringers,  which  rested  on  seats  attached  to  the  cross-girder  webs. 
The  bents  were  braced  longitudinally  for  the  full  length  of  the  columns 
and  laterally  by  plate  brackets.  At  the  bottom,  the  columns  were  spliced 
to  the  supporting  cross-girders. 

Details  of  Design. — Section  No.  5-C. — Section  No.  5-C  comprised 
the  bridge,  carrying  the  Second  and  Third  Avenue  Lines  across  the 
Harlem  River  at  129th  Street.  The  old  bridge  (Fig.  5fi)  had  three 
spans,  supported  on  five  piers  carried  down  to  an  elevation  of  32  ft. 
below  mean  high  water,  and  resting  on  a  solid  bed  of  sand  and  gravel. 
The  old  bridge,  which  carried  two  tracks  and  two  footwalks,  was  a  pin- 
connected  structure,  built  in  1887;  since  that  time  it  has  been  in 
continuous  operation,  and  was  in  good  condition  when  removed.  The 
center  span  was  a  swing  span,  supported  on  a  drum  bearing,  and 
turned  by  a  rope  drive  by  hydraulic  ]K)wcr. 

Fig.  55  shows  a  cross-section  of  the  drum.  The  drum  consisted 
of  two  12-in.  ciiannels  connected  to  a  sleeve  over  the  center  pin  by 
shallow  built-up  girders.  It  supported  the  bridge  structure  at  six 
points,  and  was  itself  supported  on  rollers  running  on  a  circular 
track   and   held   \u   position    by   tie-rods   and   angles.     To   the   outside 
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t'lulri  of  the  axles  of  the  roMers  was  attached  a  riiij;-  witli  a  semicircular 
f^Toove  ill  which  was  laid  the  cable  that  turned  the  hrid<j:e.  This 
cable  went  nrnuiul  aliout  tlirec-ciuarters  of  the  riiiii',  and  was  <'arried 
up  to  the  under-side  of  the  operating  tower  over  vertical  sheaves,  set 
tangential  tt)  the  ring.  The  cable  was  then  carried  over  sheaves  that 
changed  the  direction  to  the  horizontal,  so  that  the  cable  could  be 
connected  to  the  horizontal  hydraulic  ram  under  the  floor  of  the 
operating  tower.  It  will  be  noted  that  the  speed  of  the  cable  deter- 
mines the  horizontal  speed  of  the  rollers,  but  that  the  speed  of  the 
drum  is  determined  by  the  circumferential  speed  of  the  rollers,  and 
tlie  drum,  therefore,  travels  at  a  speed  equal  to  twice  that  of  the  cable. 
It  may  be  stated  that  the  arrangement  wttrked  satisfactorily,  and  that 
the  bridge  could  be  opened  very  quickly,  but  that,  on  account  of  the 
shallow  drum,  the  bearing  on  the  rollers  was  not  uniform  and  caused 
them  to  wear  out. 

The  new  track  facilities,  on  account  of  the  Manhattan  Elevated 
lmi)rovements,  involved  the  construction  of  a  double-deck  four-track 
structure  in  place  of  the  existing  two-track  bridge,  but  it  was  neces- 
sary to  maintain  traffic,  except  during  short  periods,  over  the  two 
existing  tracks.  It  was  decided,  therefore,  to  build  an  entirely  new 
bridge  at  a  location  where  the  work  would  not  interfere  with  the  opera- 
tion of  the  existing  bridge,  and,  when  the  erection  of  the  new  bridge 
was  finished,  to  replace  the  old  spans  with  the  new  spans  complete. 
The  method  of  doing  this  work  is  described  later  under  the  heading. 
■'Erection." 

Fig.  57  shows  the  new  bridge.  The  length  of  the  end  spans,  from 
center  to  center  of  piers,  was  103.28  ft.,  and  the  length  of  the  swing 
span  was  248.4  ft.  over  all.  The  clear  openings  of  the  swing  span  were 
103.7  ft.  The  new  bridge  was  built  as  a  pin-connecte-d  structure.  Fig. 
80  shows  the  construction  of  the  north  s])an. 

The  new  swing  span  was  center-supported.  It  was  at  first  in- 
tended to  design  the  new  bridge  as  rim-supported,  similar  to  the  old 
bridge,  but  it  was  found  that  the  de])th  of  the  new  drum.  need(Ml  in 
order  to  avoid  undue  deflection,  would  necessitate  the  removal  of  a 
considerable  portion  of  the  center  pier,  and  this  could  not  be  done 
without  interfering  with  the  operation  of  the  bridge  for  a  considerable 
length  of  time.  The  casting  for  the  center  support  of  the  new  bridge, 
as  designed,  necessitated  the  removal  of  a  portion  of  the  pier,  but  this 
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work  could  be  done  without  interfering  with  the  traffic,  as  hereafter 
described. 

Plate  XLV  shows  the  center  casting  and  the  arrangement  of  the 
operating  machinery.  The  weight  of  the  bridge  was  carried  to  the 
casting  through  three  disks,  on  which  the  bridge  turned.  The  center 
disk  was  made  of  phosphor  bronze  and  the  other  two  were  steel 
forgings. 

The  turning  machinery  was  driven  by  two  40-h.p.  electric 
motors,  and  two  other  40-h.p.  electric  motors  were  provided  for 
the  operation  of  wedges  and  rail-lifts.  After  the  machinery  had 
been  received  and  erected,  and  while  the  swing  span  was  still 
resting  on  the  pile  foundation  on  which  it  was  erected,  an 
attempt  was  made  to  work  the  operating  machinery.  It  was  then 
found  that  the  bearings  for  the  beveled  gears  were  not  sufficiently  stiff 
under  the  stress,  and  that  the  gears  were  thrown  out  of  line  and  became 
bound.  The  cause  of  the  trouble  was  that  the  bearings  for  the  beveled 
gears  were  cast  and  supported  independently  of  one  another.  A  new 
set  of  castings  was  designed,  therefore,  with  two  bearings  for  the  cor- 
responding gears  in  the  same  casting,  and  after  they  had  been  placed 
no  further  trouble  was  experienced. 

The  method  of  determining  the  live-load  stress  in  the  swing  span 
deserves  to  be  stated.  When  closed,  the  bridge  is  supported  on  three 
bearings,  and  is,  therefore,  statically  indeterminate.  The  usual  way 
of  determining  the  stress,  by  the  three-moment  method,  which  assumes 
uniform  moment  of  inertia  throughout  the  truss,  was  evidently  not 
satisfactory,  as  the  moment  of  inertia  varies  greatly,  and  it  was  found 
by  comparing  the  stresses  obtained  in  this  manner  Avith  those  deter- 
mined by  the  accurate  method  hereafter  described,  that  the  stresses 
by  the  first  method  were  in  error  as  much  as  100  per  cent. 

The  method  used  was  developed  for  this  purpose  by  F.  W.  Gardiner, 
M.  Am.  Soc.  C.  E.,  and  is  described  as  follows: 

Consider  the  member,  Il-m  (Fig.  58),  cut  at  the  center;  the  truss 
will  then  be  two  single  spans,  and  will  be  statically  determinate.  Apply 
to  the  cut  ends  of  H-m  two  equal  and  opposite  forces  just  sufficient  to 
hold  the  ends  in  contact.  The  stresses  in  the  truss  members  for  any 
condition  of  loading  will  then  be  the  combined  stresses  computed  as  a 
single  span  and  the  stresses  induced  by  a  pair  of  equal  and  opposite 
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Fig.   56. — Old  Harlem  River  Bridge. 


Fig.   57. — Harle.m  IUvlk  Bridge.     New  Swing  Span. 
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forces  applied  at  the  cut  ends  of  H-m,  and  just  sufficient  to  hold  the 

cut  ends  in  contact  for  the  position  "of  loading  to  be  computed. 

In  order  to  determine  the  forces  to  be  applied  to  the  cut  ends  of 

H-m,  it  is  first  necessary  to  determine  the  distance,  D ;  a  pair  of  equal 

and  opposite  forces  of  unity  will  bring  the  ends   of  H-m   together; 

let  this  distance  be  D.     Then,  if,  for  any  condition  of  loading,  the 

horizontal  displacement  of  the  cut  ends  of  H-m  is  id,  the  force  which 

A 
will  hold  the  cut  ends  of  Il-m   in   contact  will  be  --. 

To  find  Z),  consider  half  tlie  bridge  with  a  horizontal  force  of  unity 
applied   at   the   cut   end   of  H-m.      The   horizontal   movement   of   this 

T)  I)  x\ 

end  will  be  — ,  and  the  work  done  will  be  — ; — . 
2  4 

The  internal  work  will  l)e      "^  ~o~'  ^'^'liei"^  s' is  the  stress  induced  in 

the  members   by  unity  horizontal  force  at  the    cut    end  of  H-tn,  and    d 
is  the  elongation  or  compression  of  a  member  ; 

a  E' 

where  L  =  length  of  a  member, 
a  =  area  of  a  section, 
E  =  modulus  of  elasticity. 

Therefore,  the  internal  work  is  equal  to — ,  and,  making  this  equal  to 

the  external  work,  we  have, 

D    _    s'-'L 

or, 

«'2   T. 

D  =  2 


a  E 

It  will  be  sufficient  to  find  the  reactions  for  a  unit  load  at  each 
panel  point,  and  we  could  put  a  unit  load  at  each  panel  point,  compute 
the  horizontal  separation  of  the  cut  ends  of  H-m,  divide  the  separa- 
tion by  D,  giving  the  horizontal  force  necessary  to  hold  the  ends 
together,  and  find  the  reactions  resulting  from  the  combined  action 
of  the  unit  panel  load  and  the  horizontal  force  at  H-m. 

The  work  can  be  much  simplified  at  this  point  by  the  use  of 
Maxwell's  "Reciprocal  Theorem."  This  theorem,  applied  to  the  bridge 
in  question,   states  that   the  horizontal   displacement   of  the   cut  end 
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i)f  ll-m,  due  to  a  vertical  load  o£  unity  at  any  panel  point,  is  equal 

to  the  vertical  displacement  of   the  panel,   due  to   a   horizontal    force 

of  unity  at  the  cut  end  of  Il-m. 

This  theorem  can  be  proved  as  follows:  Let  8  =  the  stress  in  the 

members  due  to  a  unit  load  at  a  panel  point,  and  let  *S'  =  the  stress  in 

a    member   due   to   a    unit   horizontal   force   at   the   cut   end  of  Il-m. 

Then,    the    vertical    displacement    of    the    panel    point,    due    to    a    unit 

SS'  L 

horizontal     force     at     tlie     cut     viu]     of     //-?)*,     equals and  tlie 

a  E 

horizontal    displacement    of    the    cut    end    of    H-rn,    due    to    a    unit 

S'   SL 

vertical  load  at  the  i)anel  point,  efiuals  _-  ,   therefore,  the  vertical 

a  E 

displacement  of  the  panel  point  due  to  a  unit  horizontal  force  at 
H-ni  is  equal  to  the  horizontal  displacement  of  H-m  due  to  a  unit 
vertical  load  at  the  panel  point. 

The  extension  or  compression  of  all  the  members  for  a  unit  hori- 
zontal force  at  the  cut  end  of  H-m  has  been  found  in  conqiuting- 
the  distance,  D,  and  a  displacement  polygon  is  drawn.  We  know  that 
Point  6  is  fixed,  and  that  the  displacement  of  Point  0  must  be  hori- 
zontal ;  we,  therefore,  give  0  a  vertical  displacement  by  revolving  the 
diagram  about  Point  6,  until  Point  0  comes  in  horizontal  line  with  0. 
In  doing  this,  we  have  displaced  the  other  panel  points  in  a  direction 
perpendicular  to  their  radius  with  Point  6  as  a  center,  and  in  amount 
proportional  to  their  distance  from  Point  6.  The  vertical  displacement 
of  the  panel  points  are  taken  by  scale  from  the  diagram,  and  these, 
in  accordance  with  Maxwell's  "Reciprocal  Theorem",  are  equal  to  the 
horizontal  separation  of  the  cut  ends  of  H-m  due  to  a  unit  load  on 
each  panel  point,  respectively. 

Details  of  Design. — Section  No.  5-P. — The  existing  structure 
between  the  Harlem  River  and  133d  Street,  which  comprised  Section 
No.  5-D,  was  built  iiartly  over  the  freight  yard  of  the  New  York,  New 
Haven  and  Hartford  Railroad  and  partly  over  the  Interborough  Rapid 
Transit  Company's  Yard.  The  portion  over  the  New  York,  New 
Haven  and  Hartford  Railroad  Company's  yard  was  a  four-track  struc- 
ture: tlie  two  outside  tracks  were  the  main-line  tracks  and  the  two 
inside  tracks,  which  gradually  descended  and  at  the  north  side  of  the 
yard  were  cnrricd  under  the  main-line  structure,  were  used  for  shuttle 
service  between   the   station   at   129th   Street   and   Third   Avenue   and 
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the  New  York,  New  Haven  and  Hartford  Railroad  Passenger  Station 
at  Willis  Avenue.  North  of  the  Railroad  Company's  yard  the  existing 
!^tructure  carried  only  the  two  main  tracks,  and  through  the  yard  the 
existing  columns  were  placed  so  as  not  to  interfere  with  tlie  tracks 
and  platforms. 

The  new  structure  consisted  of  two  additional  tracks  connecting 
with  the  upper  deck  of  the  Harlem  River  Bridge.  Through  the 
New  York,  New  Haven  and  Hartford  Railroad  Company's  Yard 
they  were  directly  above  the  shuttle  tracks,  and  north  of  the  yard 
they  were  continued  between  and  above  the  outside  main  tracks.  Fig. 
72  shows  the  general  plan  and  profiles  through  this  section.  It  may 
be  noted  here,  that  the  curved  track  layout  and  the  skew  location 
of  the  bents  throughout  this  section  necessitated  a  specially  careful 
survey  of  the  existing  structure,  and  involved  very  extensive  calcula- 
tions to  determine  the  lengths  and  locations  of  the  members  forming- 
part  of  the  new  structure.  It  was  found  that  the  work  was  much 
facilitated  and  more  easily  checked  by  using  analytical  geometry  in 
the  calculations.  A  system  of  rectangular  co-ordinates  was  used;  the 
zero  point  and  the  location  of  the  axes  were  chosen  arbitrarily,  but 
in  such  a  manner  that  all  the  co-ordinates  were  positive,  but  as  small 
as  possible,  so  as  not  to  liave  unnecessarily  large  figures  to  compute. 
The  equations  of  all  the  cross-girders  of  the  old  structure  were  then 
calculated,  as  well  as  those  of  the  new  tracks,  cross-girders,  etc. ;  also, 
the  co-ordinates  of  the  points  of  intersection,  determining  the  lengths 
and  locations  of  the  new  structure  members.  This  method  of  calcula- 
tion was  very  effective,  and  had  the  important  advantage  that  errors 
were  not  carried  from  point  to  point,  and  when  discovered  were  easily 
corrected. 

Plate  XLVI  shows  the  alignment  of  the  old  and  new  structures 
through  the  New  York.  New  Haven  and  Hartford  Railroad  Company's 
Yard.  The  first  bent  of  the  old  structure  was  supported  on  a  masonry 
pier.  The  columns,  supporting  the  new  structure,  were  placed  one  at 
each  end  of  the  old  pier,  as  the  track  spacing  of  the  lower  deck  did  not 
allow  sufficient  room  between  the  tracks  for  the  supporting  columns. 
In  order  to  brace  laterally  the  column  shafts,  which  were  more  than 
48  ft.  long,  a  yoke,  consisting  of  15-in.  channels,  was  fastened  to  the 
columns  at  the  level  of  the  cap-stone  of  the  pier,  and  secured  to  the 
Oiii)-stone   by    expansicni    bolts,    as    shown    by    Fig.    50.      The    eoluinns 
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of  the  second  bent  of  the  new  structure  also  had  to  be  placed  outside 
of  the  existing  tracks,  on  account  of  the  necessary  car  clearance 
on  the  lower  deck,  as  shown  by  Fig.  60.  The  new  columns  were  braced 
laterally  to  the  existing  columns,  and  longitudinally  the  columns  of 
this  bent  and  those  of  the  first  bent  were  braced  together  by  two 
stiffening  trusses  between  each  pair  of  columns,  one  truss  below  the 
track  level  of  the  lower  deck  and  the  other  at  the  top  of  the  column, 
so  as  not  to  encroach  on  the  side  clearance  around  the  curved  tracks. 

Fig.  61  shows  the  general  tyi)e  of  construction  of  the  following 
bents.  The  existing  structure  was  not  sufficiently  strong  to  carry  the 
additional  loading,  and,  therefore,  the  columns  supporting  the  new 
structure  were  brought  down  to  the  surface.  The  new  columns  had 
to  be  centered  between  the  existing  lower-deck  tracks,  in  order  to  get 
the  necessary  side  clearance,  and  had  also  to  be  kept  on  line  with 
and  within  the  construction  width  of  the  lower-deck  bents,  so  as  not 
to  encroach  on  the  side  clearance  of  the  yard  tracks.  The  existing 
columns  were  only  12  in.  wide,  and  it  was  necessary,  therefore,  to 
make  the  new  ones  of  the  same  width,  and,  in  order  to  get  a  suffi- 
ciently strong  column  section,  the  new  columns  were  made  of  a  box 
section,  as  shown.  The  new  bents  were  not  made  on  line  with  the 
old  ones,  but  crossing  from  one  old  bent  to  the  next  so  as  to  make 
the  new  cross-girders  as  short  as  possible.  Where  the  old  cross-girders 
were  in  the  way  of  the  new  columns,  the  cross-girders  were  cut  to 
make  room  for  the  columns  and  were  supported  by  seats  on  the  new 
column  shafts.  The  old  columns  were  generally  retained  and  tied 
together  with  the  new  ones. 

Owing  to  the  fact  that  it  was  decided  to  support  the  new  columns 
on  the  concrete  foundations  of  the  existing  columns,  as  will  here- 
after be  explained,  the  load  of  the  new  structure  was  transferred  to 
the  existing  column  foundations  by  foundation  girders,  connected  to 
the  column  by  diaphragms,  as  shown. 

Just  south  of  132d  Street,  which  is  only  partly  opened  for  public 
traffic,  the  New  York,  New  Haven  and  Hartford  Eailroad  has  a  freight 
platform  with  a  track  on  each  side.  The  old  bent  (Bent  No.  15)  was 
supported  on  three  columns,  one  centered  on  the  platform  and  the 
two  other  outside  of  the  adjacent  tracks.  The  new  bent  was  placed 
on  line  with  the  old  one.  The  lower-deck  bent  was  entirely  renewed, 
partly  on  account  of  the  additional  loading  and  partly  because  the 
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New  York,  New  Haven  and  Hartford  Railroad  Company  desired  to 
have  the  head-room  under  the  structure  increased,  in  order  to  make 
room  for  overhead  wires  for  electric  traction,  which  were  being  put 
up  in  the  yard.  The  west  column,  supporting  the  overhead  structure, 
was  centered  between  the  lower-deck  tracks,  and  was  supported  on  the 
lower-deck  cross-girder,  because  it  could  not  be  carried  down  to  the 
surface,  where  it  would  have  interfered  with  the  surface  track. 

The  other  bents  in  132d  Street  were  similar  to  this  one  in  general 
details.  The  lower-deck  track  stringers  were  remodeled,  where  they 
crossed  the  surface  tracks  (Fig.  73),  in  order  to  get  sufficient  head-room 
for  the  electric  traction  system.  The  remodeling  was  accomplished 
by  riveting  new  flange  angles  to  the  girder  webs  at  the  desired  height 
and  cutting  away  the  portion  of  the  girders  below  the  new  flanges. 
The  stringer  ends  were  changed  to  rest  on  seats  provided  for  them 
on  the  new  cross-girders. 

Between  132d  and  133d  Streets,  the  existing  structure  carried  only 
two  tracks,  as  the  shuttle  tracks  at  the  Willis  Avenue  Station  turned 
east  through  132d  Street.  The  existing  tracks  between  132d  and  133d 
Streets  were  a  considerable  distance  apart,  and  were  supported  sepa- 
rately on  tower  constructions.  The  two  new  tracks  were  supported 
together  on  similar  tower  constructions.  The  columns  of  the  bents 
on  the  outside  of  the  curved  tracks  were  set  at  an  angle  with  the 
vertical,  in  order  to  provide  for  the  horizontal  thrust  due  to  the 
centrifugal  force. 

The  existing  structure  across  133d  Street  was  supported  by  two 
four-column  bents,  one  near  the  curb  line  on  each  side  of  the  street,, 
with  a  span  length  of  about  64  ft.  between  them.  The  new  upper-deck 
structure  was  supported  on  bents  placed  on  a  line  with  the  existing' 
bents,  and  with  the  columns  extending  to  the  street,  taking  the  place 
of  the  two  inside  columns  of  each  bent,  as  shown  by  Fig.  62.  The 
old  cross-girders  were  supported  by  seats  on  the  new  columns,  and 
the  colunms  were  cross-braced  transversely.  The  new  track  structure 
was  supported  between  the  bents  by  deep  lattice  girders  carried  by 
seats  attached  to  the  columns  and  acting  as  longitudinal  stiffening 
trusses  as  well  as  supporting  girders.  The  deck  was  carried  on  top 
of  these  girders,  and  consisted  of  shallow  cross-girders  and  secondary 
track  stringers,  made  up  of  two  I-beams,  framed  into  the  cross-girders. 
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Details  of  Design. — Section  No.  6- A. — Section  No.  6- A  extended 
from  133d  to  147th  Street.  The  portion  from  133d  to  145th  Street 
is  on  a  private  riprht  of  way,  50  ft.  wide;  the  remainder  is  in  Third 
Avenue.  The  existing  structure  was  a  two-track  line,  and,  through 
the  right  of  way,  consisted  of  track  stringers  supported  on  masonry 
piers,  except  at  street  crossings,  where  they  were  supported  on  column 
bents.  There  were  stations  with  center  platforms  at  133d,  138tli, 
and  143d  Streets.  The  new  work  included  the  addition  of  two  over- 
head tracks  from  133d  Street  to  a  point  north  of  143d  Street,  where 
the  two  tracks  joined  and  ran  as  a  single  track  down  to  the  grade  of 
tlic  lower-deck  track  at  145th  Street,  and  continued  on  that  grade  as 
an  additional  center  track.  The  new  track  layout  also  included  a 
single-track  ramp  running  from  the  upper  deck  at  138th  Street  to  the 
lower  deck  at  141st  Street,  connecting  at  each  end  with  both  main 
tracks.  At  143d  Street  provision  was  made  for  turn-outs  of  both  the 
now  upper-deck  tracks  to  connect  with  a  new  extension  between  this 
line  and  the  existing  elevated  portion  of  the  subway  at  Brook  and 
AN'estchester  Avenues.  New  overhead  island  platforms  were  added  to 
tlie  stations  at  133d,  138th,  and  143d  Streets,  and  the  existing  island 
lilatforms  on  the  lower  deck  were  entirely  rebuilt.  Prior  to  the  erec- 
tion of  the  new  structure,  the  existing  south-bound  track  was  moved 
away  from  the  north-bound  track  to  make  room  for  the  new  structure, 
as  will  be  described  later. 

Fig.  63  shows  a  cross-section  of  the  structure  at  the  133d  Street 
Station.  The  new  upper-deck  structure,  as  well  as  the  widened  lower- 
deck  platform,  was  carried  on  new  column  bents,  about  40  ft.  from 
cent-er  to  center.  The  lower-deck  platforms  were  supported  on  two 
deep  stringers  carried  by  seats  on  the  columns,  as  well  as  by  a  center 
stringer  framed  into  and  supported  by  cross-frames  between  the 
columns  and  between  the  centers  of  the  deep  stringers,  so  that  the 
sj)an  of  this  center  stringer  was  only  about  20  ft.  The  upper-deck 
structure  had  both  platforms  and  tracks  supported  on  columns  spliced 
to  the  lower-deck  columns  and  also  by  intermediate  columns  supported 
on  top  of  the  deep  platform  stringer,  making  the  spans  of  the  upper- 
deck  track  structure  only  about  20  ft.,  which  was  desired,  in  order 
to  make  the  construction  height  and  the  distance  between  the  two 
platform  levels  as  small  as  possible.  Fig.  64  shows  the  details  of  the 
lower-deck  bent.  The  columns  were  of  the  standard  cross-section, 
15  in.  square,  and  braced  transversely.     The  channels  of  the  column 
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shafts  were  turned  with  their  webs  parallel  to  the  bent,  and  the  columns, 
therefore,  were  stiff  enough  to  resist  longitudinal  stresses  without  addi- 
tional bracing.  The  column  bases  were  riveted  to  the  columns,  and 
designed  to  resist  the  bending  stresses;  they  were  fastened  to  the 
foundations  by  four  anchor-bolts. 

The  construction  at  the  138th  Street  Station  is  similar  to  that  at 
the  133d  Street  Station.  Between  these  stations,  the  new  structure 
consisted  of  two  sets  of  track  stringers  supported  on  column  bents 
which,  in  every  third  span,  were  braced  longitudinally  to  form  a  tower 
to  resist  the  longitudinal  forces;  the  bents  between  the  towers  were 
designed  for  vertical  and  transverse  loads  only. 

Fig.  65  shows  the  new  structure  at  the  crossing  of  135th  Street. 
The  supporting  columns  were  centered  under  the  tracks,  and  were 
braced  both  horizontally  and  transversely  from  the  top  to  a  point 
about  14  ft.  above  the  street  level.  The  cross-girder  was  supported 
on  the  top  of  the  column,  and  its  center  portion,  which  did  not  carry 
any  load,  but  acted  as  transverse  bracing,  was  designed  with  a  lattice 
web;  the  end  portions,  which  carried  the  load,  had  solid  webs. 

North  of  138th  Street,  the  center  ramp,  leading  from  the  upper 
to  the  lower  deck,  commenced.  Fig.  66  shows  the  supporting  cross-bent 
near  the  top  of  the  ramp.  The  details  of  the  bent  are  similar  to  those 
shown  by  Fig.  65,  except  that  the  cross-girder  is  a  plate  girder  through- 
out. The  outside  track  stringers  are  carried  on  the  top  of  the  cross- 
girder,  and  the  center- track  stringers  by  seats  attached  to  the  web  of 
the  cross-girder.  Fig.  67  shows  the  cross-bent  at  an  intermediate  point 
of  the  ramp.  On  account  of  the  necessary  clearance  for  cars  on  the 
center  track,  the  column  tops  could  not  be  braced  transversely.  The 
column  section,  therefore,  was  strengthened  by  increasing  it  in  width 
and  making  the  flanges  of  four  angles  and  a  cover-plate.  The  web- 
plate  stopped  about  4  ft.  6  in.  from  the  top  of  the  column,  and,  in  its 
place,  was  inserted  a  twin  bracket  the  web  of  which  supported  the 
track  stringers.  When  the  center  track  was  sufficiently  low,  the 
column  tops  were  braced  transversely  by  an  arched  plate  girder. 
Between  the  133d  and  138th  Street  Stations  part  of  the  column  bents 
were  also  braced  longitudinally  to  form  towers. 

The  same  construction  was  used  between  144th  and  145tli  Streets, 
where  the  new  structure  carried  only  a  single  track.  From  145th 
Street  to  the  end  of  the  section  at  147th  Street,  the  new  work  consisted 
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simply  o(  adiling  center-track  stringers  to  the  existing  structure,  and 
replacing  the  old  cast-iron  column  bases  with  new  cast-steel  bases. 

Details  of  Design. — Section  No.  6-C. — Through  the  greater  por- 
tion of  this  section,  which  extended,  on  Third  Avenue,  from  147th 
Street  to  Fordham  Road,  the  existing  columns  were  replaced.  These 
columns  were  only  12  in.  square,  and  consisted  of  two  12-in.  channels 
latticed  together.  The  new  columns  were  built  up  of  two  15-in.  chan- 
nels, four  angles,  and  a  web-plate,  but  were  only  made  12  in.  wide, 
as  the  franchise  rights  of  the  line  did  not  permit  wider  columns.  The 
existing  columns  were  bolted  to  shallow  cast-iron  bases,  which  were 
fastened  to  the  granite  caps  of  the  foundations,  the  latter  being  18 
in.  thick.  The  only  weak  member  for  the  added  loading  was  the 
column.  The  foundations  were  retained,  and  the  new  column  bases, 
where  replaced,  were  generally  similar  to  the  existing  ones.  The  new 
cast  bases,  however,  were  enlarged,  and  made  of  steel  instead  of  iron. 
Bolt  holes  were  provided  to  match  the  existing  anchor-bolts,  and,  in 
addition,  four  other  bolt  holes  were  provided,  to  be  used  in  case  the 
existing  anchor-bolts  were  broken  or  damiaged.  At  the  top  of  the 
column  a  fixed  connection  to  the  cross-girder  was  made  in  the  usual 
manner  by  splicing  the  column  to  the  stiffeners  of  the  cross-girder. 

The  existing  station  at  149th  Street  had  a  center  platform  and  a 
side  platform  on  its  east  side.  The  new  station,  which  was  recon- 
structed for  express  service,  has  two  center  platforms  and  a  mezza- 
nine at  the  north  end  of  the  platforms.  Fig.  68  shows  a  cross-section 
of  the  station  as  remodeled.  The  old  cross-girders,  which  were  plate 
girders,  were  retained,  but  the  flanges  were  reinforced  with  cover- 
plates,  and  cantilever  extensions  were  added  at  both  ends,  on  account 
of  the  additional  width  of  the  structure.  The  new  extensions  were 
spliced  to  the  old  girders,  and  seats  were  provided  for  all  new  track 
stringers.  New  stiffeners  were  added  over  the  columns  to  support 
the  additional  loading.  On  account  of  the  method  of  erection  used, 
the  old  track  stringers  were  retained  in  place  and  used  for  the  support 
of  the  new  platforms.  The  new  platform  structure  is  shown  by  Fig. 
75.  The  platform  beams,  were  made  of  two  channels  each,  and  were 
supjHjrted  on  frames  of  light  angles  and  stiffened  against  overturning 
by  angle  braces  to  the  supporting  stringers. 

The  stations  at  Tremont  Avenue  and  Fordham  Road  were  also 
reconstructed   for   express   service   with    two    island   platforms.      The 
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general  details  of  the   steelwork  were  similar  to  those  of   the   149th 
Street  Station. 

The  existing  stations  at  156th,  161st,  166th,  169th  Streets,  Clare- 
niont  Parkway,  174th,  and  183d  Streets,  had  center  platforms.  All 
these  stations  were  reconstructed  with  side  platforms,  so  as  to  make 
room  for  the  express  track.  Fig.  69  shows  a  typical  cross-section  of 
the  remodeled  structure,  and  Fig.  76  shows  the  details  of  the  exten- 
sions added  to  the  existing  cross-girders  in  order  to  provide  supjjorts 
for  the  side  platforms.  The  station  building  was  generally  placed 
on  a  mezzanine  and  was  connected  with  the  platforms  by  stairs  at 
the  outside  edge  of  the  platforms.  As  it  was  desired  to  support  the 
added   structure   without   the   use   of   additional    columns,   the   exten- 
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CANOPY  COLUMN  AND   PLATFORM,  THIRD  AVENUE  LINE 
Fig.  75. 
sions  to  the  cross-girders  were  made  long  enough  for  this   purpose, 
]3roducing  cantilevers  of  the  cross-girders  about  22  ft.  long. 

Details  of  Design. — Section  No.  7. — The  work  under  Section  No.  7 
included  the  reconstruction  of  the  stations  of  the  Ninth  Avenue  Line 
at  66th,  116th,  125th,  and  145th  Streets  for  express  service. 

The  existing  structure  at  66th  Street  was  similar  to  that  in  Third 
Avenue,  and  carried  three  tracks  before  the  reconstruction.  At  both 
these  stations  the  structure  was  low,  and,  therefore,  the  express  sta- 
tions were  made  of  the  "hump"  type.  On  account  of  the  added  loading, 
the  lower-deck  cross-girders  and  columns  were  replaced  with  new 
material  throughout  the  length  of  the  new  platforms  at  66th  Street; 
but  at  145th  Street,  where  the  cross-girders  were  twin  girders  and  the 
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columns  Phaniix  sections,  the  existing  structure  was  sufficiently  strong 
to  carry  the  added  loading.  The  general  details  of  these  two  stations 
are  the  same  as  those  described  for  the  'Tiump"  stations  on  the  Second 
and  Third  Avenue  Lines,  and  will  not  be  repeated  here. 

At  the  116th  Street  Station  the  existing  tracks  were  nearly  50  ft. 
above  the  street  surface.  The  track  stringers  were  lattice  girders  with 
7-in.  lips,  resting  on  top  of  cross-trusses,  supported  on  columns  placed 


ORIGINAL  STRUCTURE 

ON   EIGHTH  AVE. 

AT  nSTH  STREET. 

Fig.   77. 

on  the  sidewalks,  as  shown  by  Fig.  77.  The  coliunns  were  six-section 
Phoenix  columns,  and  the  trusses  were  built  of  flat  tension  members 
and  Phoenix  column  compression  members,  except  the  top  chord,  which 
was  a  box  section,  built  of  channels  and  plates.  The  station  at  116th 
Street  had  two  island  platforms  lying  end  to  end  between  the  two 
existing  tracks,  separated  only  by  the  space  needed  for  a  station 
building  at  the  end  of  each  platform  and  a  flight  of  stairs  leading 
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from  (.'iich  station  building  to  a  common  passageway  immediately 
below  tlu'  track  structure  and  leading  to  an  elevator  building  at  the 
corner  of  Eighth  Avenue  and  116th  Street.  South  of  the  south  plat- 
form and  north  of  the  north  platform,  the  structure  carried  three 
tracks. 

The  reconstruction  work  consisted  of  moving  the  south  platform 
to  the  west  and  the  north  platform  to  the  east,  so  as  to  make  room  to 
carry  the  center  track  through  and  past  the  platforms,  as  shown  by 
Fig.  T-i,  which  change,  of  course,  necessitated  also  the  shifting  of  the 
local  tracks. 

The  added  loading  made  it  advisable  to  stiften  the  column  shafts, 
so  as  to  reduce  their  bending  stresses.  The  cross-truss,  which  rested 
with  the  top  chord  on  the  top  of  the  columns,  was  about  20  ft.  deep, 
and  its  bottom  chord  tied  the  columns  together  about  30  ft.  above  the 
street  level.  Longitudinally,  the  columns  were  braced  in  ])airs  by  two 
struts,  one  near  the  top  and  one  at  the  level  of  the  bottom  of  the  cross- 
truss,  and  two  diagonal  tie-rods.  To  this  wus  added  some  additional 
bracing,  both  transversely  and  longitudinally,  as  shown  by  Fig.  70, 
extending  down  to  within  about  14  ft.  of  the  street  level.  The  longi- 
tudinal struts  were  made  fish-bellied,  to  conform  to  the  existing  ones, 
and  the  transverse  struts  were  made  straight.  Both  were  fastened  to 
tlae  columns  by  a  single  sleeve  with  collars  around  each  column.  The 
sleeve  was  fastened  to  the  column  by  four  bent  plates  riveted  to  the 
column  flanges  between  the  existing  flange  rivets,  for  the  heads  of 
which  slots  were  made  in  the  bent  plates.  Web-plates  and  flange 
angles  were  riveted  to  the  outstanding  legs  of  the  bent  plates,  and 
the  horizontal  legs  of  the  flange  angles  were  riveted  together  with 
plates,  to  which  again  were  riveted  small  shaped  plates  fitting  around 
the  column  shafts,  so  as  to  form  a  collar  to  prevent  tension  in  the 
column  rivets.  The  stiffening  trusses  were  riveted  to  these  sleeves 
and  collars.  Longitudinally,  the  strut  was  supplemented  with  a  cross 
of  round  bars,  which,  at  the  bottom,  went  through  a  special  steel 
casting,  riveted  to  the  strut,  and,  at  the  top,  was  fastened  through  a 
\oke,  riveted  to  the  old  strut.  The  cross-strut  was  supplemented  with 
a  diagonal  bracing  of  angles  which,  at  the  top,  were  connected  to  the 
column  flanges  by  bent  plates,  as  shown. 

By  shifting  the  track  stringers  sidewise,  so  as  to  make  room  for  the 
center  track,  the  stresses  in  the  top  chord  would  be  increased,  and. 
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therefore,  it  was  decided  to  reiirforce  it.  As  it  was  not  desired  to 
do  the  reinforcing  in  such  a  manner  that  shoring  should  be  needed 
during  the  work,  the  method  shown  by  Fig.  70  was  adopted.  The  por- 
tion to  be  reinforced  was  that  between  the  column  and  the  first  vertical 
post.  A  lattice  box-girder  of  the  same  width  as  the  top  chord  was 
suspended  from  it  by  two  yokes,  one  at  each  end.  Plates  were  then 
driven  in  between  the  reinforcing  girder  and  the  top  chord,  and 
secured  with  rivets. 

In  addition  to  the  reinforcing  of  the  columns  as  described,  it 
was  originally  contemplated  to  reinforce  the  connection  of  the  columns 
to  the  foundations,  but,  as  this  was  found  to  be  unnecessary,  it  was 
not  carried  out. 

A  new  mezzanine  station  was  constructed  under  the  structure  at 
the  level  of  the  existing  footbridge  leading  to  the  elevator  building. 
This  new  station  was  carried  by  two  new  twin  girders,  connected  to 
the  columns  of  adjacent  bents  in  a  manner  similar  to  that  previously 
described  for  connecting  the  transverse  and  longitudinal  struts. 

The  existing  structure  at  the  125th  Street  Station  was  similar 
to  that  on  the  Second  Avenue  Line,  and  is  shown  in  cross-section  by 
Fig.  78.  The  same  arrangement  of  platforms  existed  here  as  at  the 
116th  Street  Station,  and  the  new  arrangement  was  similar  to  that 
described  for  that  station^  except  that  the  station  buildings  were 
retained.  As  the  existing  cross-girders  were  not  long  enough  to 
carry  the  full  width  of  the  new  structure,  short  extensions  were  added 
to  them  at  each  end,  with  seats  to  carry  the  outside  stringers  supporting 
the  local  tracks  in  their  new  position. 

Fig.  79  shows  the  details  of  the  cross-girder  extensions  and  the  new 
track  stringers.  Two  vertical  plates  were  riveted  to  the  flange  angles 
of  the  lower  girder  and  extended  beyond  it  the  full  width  of  the  new 
seats.  Two  vertical  diaphragms  stiffened  these  plates,  one  at  the  cross- 
girder  end  and  the  other  at  the  center  of  the  seats.  Angles  were  riveted 
to  the  top  and  the  bottom  of  the  vertical  plates,  and  were  connected 
to  the  top  and  bottom  flanges  of  the  cross-girder  by  horizontal  splice- 
plates.  Eegular  seats  were  provided  on  the  vertical  plates  for  the  new 
track  stringers.  The  track  stringers  were  lattice  girders,  in  order 
to  conform  to  the  existing  stringers. 

South  of  the  125th  Street  Station,  where  St.  Nicholas  Avenue 
crosses  the  elevated  structure,  were  two  spans,  one  of  about  99   ft. 
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and  the  other  about  80  ft.  long,  which  required  reinforcing,  in  order 
to  carry  the  load  of  the  three  tracks.  The  existing  cross-bents  were 
built  up  of  Phoenix  sections  and  tension  bars,  except  the  top  flanges, 
M'hich  were  shallow  box-girders.  The  track  structure  in  each  span 
was  carried  by  two  trusses,  which  supported  the  track  floor,  consisting 
of  cross-beams  and  secondary  track  stringers. 

Fig.  80  shows  the  details  of  the  reinforcement  of  the  cross-trusses, 
which  consisted  mainly  in  relieving  the  bending  stresses  in  the  pins. 
The  outside  bars  on  each  pin,  which  formed  the  center  diagonals  of 
the  truss,  were  removed  and  replaced  with  plates  to  which  new  diag- 
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REINFORCEMENT  OF  STRUCTURE 
AT  ST.NICHOLAS  AVE.    NINTH  AVE.  LINE 
Fig.   80. 

onals  were  fastened.  To  these  plates  were  also  riveted  yokes  directly 
under  the  pin  which  supported  the  existing  truss  members  and  thereby 
decreased  the  bending  stresses  on  the  pin. 

The  stresses  in  the  longitudinal  trusses  were  relieved  by  adding  a 
center  truss  in  both  spans  to  carry  the  load  of  the  center  track.  The 
details  of  one  of  these  trusses,  which  had  an  expansion  joint  at  one 
«nd,  is  shown  by  Fig.  81.  The  truss  members  were  all  made  of  latticed 
box  sections,  except  the  top  chord,  which  had  a  top  cover-plate.  The 
top  chord  was  placed  at  such  a  level  that  it  supported  the  cross-floor 
beams.  This  brought  the  top  flange  below  the  box-girder,  forming 
the  top  chord  of  the  supporting  cross-truss  at  the  fixed  end,  and  the 
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couuoctiou  to  the  cross-truss,  therefore,  was  made  at  this  end  by  a 
riveted  yoke  carried  on  the  top  of  the  cross-truss.  At  the  expansion 
end  the  top  chord  of  the  longitudinal  truss  came  above  the  cross-truss, 
and  the  support  was  made  by  an  expansion  rocker.  In  order  to 
strengthen  the  top  chord  of  the  cross-truss  at  this  point,  a  twin  girder, 
as  shown  by  Fig.  80,  carried  on  brackets,  was  placed  under  the  top 
chord  and  supported  it  by  I-beams  placed  between  the  girder  and  the 
top  cliord.  The  brackets  carrying  the  twin  girders  were  riveted  to  the 
vertical  posts 'of  the  cross-truss. 

Steel  Design. — Section  No.  S-A. — The  Ninth  Avenue  Line  from 
south  of  the  Cortlandt  Street  Station  to  near  12th  Street  was  included 
in  Section  8-A.  The  work  embraced  the  addition  of  a  center  track 
throughout  the  section,  and  the  reconstruction  of  the  stations  at 
Cortlandt,  Warren,  Desbrosses,  and  Christopher  Streets. 

The  existing  structure  at  the  stations  was  so  low  that  it  was  not 
possible  to  place  mezzanines  under  it,  but,  on  the  other  hand,  it  was 
wide  enough  to  accommodate  both  the  additional  track  and  an  express 
I^latform.  The  new  platforms,  therefore,  were  designed  as  island  plat- 
forms and  placed  between  the  uptown  local  track  and  the  new  express 
track.  Access  to  these  platforms  was  obtained  by  an  overhead  bridge 
at  each  station,  connecting  to  the  express  platforms,  as  well  as  both 
local  platforms. 

The  existing  structure  was  carried  on  two  rows  of  fan-top  columns 
on  the  sidewalk,  each  row  carrj'ing  a  single  track.  At  only  a  few 
places  the  columns  were  connected  with  cross-girders.  In  order  to 
place  the  center-track  stringers,  it  was  necessary,  therefore,  to  place 
cross-girders,  where  none  existed  previous  to  the  reconstruction  work, 
remodel  several  of  the  existing  ones,  and  reinforce  the  column  tops 
in  a  manner  similar  to  that  described  under  Section  3.  In  addition, 
the  columns  supporting  the  structure  at  the  reconstructed  stations 
were  replaced  with  new  ones  to  carry  the  added  loading. 

Fig.  82  shows  details  of  the  new  cross-girders.  These  were  made  in 
three  pieces,  spliced  together.  When  the  bents  were  skew,  the  cross- 
girders  were  curved  at  the  ends  to  fit  in  between  the  existing  track 
girders. 

Details  of  Design. — Sections  Nos.  8-B  and  8-C. — Section  No.  8-B 
comprised  the  reconstruction  of  the  structure  in  Ninth  Avenue  to  pro- 
vide express  stations  of  the  "hump  type"  at  14th  and  34th  Streets;  and 
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Section  No.  8-C  comprised  the  reconstruction  required  to  eliminate  the 
express  track  grade  crossing  at  53d  Street,  where  the  Sixth  Avenue 
Line  makes  a  junction  with  the  local  tracks  of  the  Ninth  Avenue 
Line.  The  details  of  the  construction  were  similar  to  those  described 
for  other  hump  stations.  The  express  track  at  53d  Street  was  carried 
high  enough  to  obtain  the  proper  head-room  for  crossing  the  track  of 
the  Sixth  Avenue  Line.  The  span  length  at  the  point  of  crossing 
had  to  be  increased  to  99  ft.,  and  the  structure  across  this  span  was 
designed  as  a  through  bridge  construction. 

Details  of  Design — Section  No.  10-B. — The  work  on  Section  No. 
10-B  involved  primarily  the  reconstruction  of  the  station  on  the  Ninth 
Avenue  Line  at  155th  Street  and  Eighth  Avenue  to  provide  additional 
platform  space  for  the  express  track  and  for  the  connection  to  the  new 
elevated  structure  in  Jerome  AA^enue.  Fig.  83  shows  the  general  ar- 
rangement of  the  station  and  its  approaches  when  completed.  The 
north-bound  local  track  was  divided  into  two  tracks  at  152d  Street, 
and  one  of  these  was  carried  west  of  the  express  track.  In  order  to 
avoid  a  grade  crossing,  the  express  track  was  carried  above  the  grade 
of  the  local  tracks.  Between  152d  and  155th  Streets,  where  the  rebuilt 
structure  carried  four  tracks,  the  cross-girders  had  to  be  lengthened. 
The  existing  structure  was  similar  to  that  described  for  the  station  at 
125th  Street,  of  the  Ninth  Avenue  Line,  under  Section  No.  7,  and  the 
details  of  the  cross-girder  extensions  were  the  same.  The  details  of 
the  new  overhead  structure  carrying  the  center  track  were  also  similar 
to  those  described  under  other  sections,  except  the  portion  at  152d 
Street,  where  the  local  track  crosses  under  the  express  track  structure. 
Fig.  71  shows  the  details  of  this  portion  of  the  new  structure.  As  it 
was  necessary  to  carry  the  upper-grade  track  as  low  as  possible,  on 
account  of  the  short  length  of  the  northerly  approach,  the  track  strin- 
gers of  that  track  at  the  crossing  were  made  very  shallow.  This  was 
accomplished  by  cantilevering  the  stringers  of  the  adjacent  spans 
and  supporting  shallow  track  stringers  on  the  cantilevers.  The  floor 
system  of  the  upper-deck  structure  at  the  crossing  consisted  of  floor- 
beams,  framed  into  the  cantilever  girders,  and  of  secondary  track 
stringers  carrying  the  track. 

North  of  155th  Street  the  structure  was  widened  by  cross-girder  ex- 
tensions and  new  sidewalk  columns,  in  order  to  carry  the  additional 
westerly  tracks.     Fig.  84  shows  the  details  of  these  cross-girder  exten- 
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sions.  The  existing  cross-girders  were  twin  girders;  the  extensions 
were  made  single-plate  girders,  set  on  top  of  the  old  cross-girders.  The 
track  stringers  for  the  track  nearest  the  old  cross-girders  were  new, 
and  were  supported  on  seats.  The  outside  track  stringers  were  old,  and 
of  the  7-in.  lip  type.  The  lips  of  these  girders  were  supported  on  top 
of  wide  seats  provided  for  them  on  the  cross-girder  extensions. 


SECTION  /-/ 


DETAILS  OF  CROSS-GIRDER  EXTENSION 
FIG.   84. 


Foundations. 

The  foundation  work  involved  not  only  the  construction  of  founda- 
tions for  new  columns  at  points  where  no  columns  existed  prior  to  the 
reconstruction,  but  also  the  rebuilding  of  the  existing  foundations 
where  investigation  indicated  that  these  were  not  sufficient  to  carry 
the  added  loading.  Altogether,  638  new  column  foundations  were  con- 
structed, 444  of  which  were  at  new  and  194  at  existing  locations.  The 
placing  of  the  foundations  at  new  locations  very  frequently  necessitated 
changes  of  gas  and  water  pipes,  duct  lines,  sewers,  and  other  sub- 
surface structures,  because  the  locations  of  the  columns  were  deter- 
mined by  other  factors  and  practically  without  considering  the  sub- 
surface structures,  even  if  their  positions  were  known  in  advance.  The 
new  column  locations  were  determined  in  relation  to  the  street  traffic. 
Longitudinally,  they  had  to  be  kept  uniformly  in  line  whenever  pos- 
sible and,  in  accordance  with  the  Public  Service  Commission's  certifi- 
cate, they  had  to  be  at  least  7  ft.  from  the  center  of  a  street-car  track 
and  14  ft.  from  the  curb,  if  they  were  in  the  street.  At  street  cross- 
ings, they  were  placed  so  as  not  to  interfere  with  the  footwalk  cross- 
ings; if  on  the  sidewalk,  their  position  was  determined  a  definite  dis- 
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taiK'o  from  the  curb.  This  distance  was  generally  8  in.  from  the  edge 
of  the  curb  to  the  face  of  the  column,  in  order  to  be  able  to  carry  the 
curb  stone  tlirough  past  the  column,  and  also  to  prevent  interference 
between  the  face  of  the  column  and  the  hub  of  a  truck  driving  close  to 
the  curb. 

If  sub-surface  structures  were  encountered,  an  investigation  was 
always  made  first  to  determine  whether  the  obstructions  could  be 
avoided  by  changing  the  shape  of  the  foundation,  and,  where  possible, 
the  change  was  made.  In  some  cases,  when  the  location  of  the  obstruc- 
tion was  known  definitely  prior  to  the  fabrication  of  the  columns,  the 
interference  could  be  avoided  by  lengthening  the  column  shaft,  and 
thereby  bringing  the  base  and  the  foundation  below  the  obstruction. 

At  times  small  sewer  pipes  and  house  drains  were  run  through  and 
embedded  in  the  concrete  foundation;  in  such  cases,  cast-iron  pipe  was 
substituted  for  vitrified  pipe;  generally,  however,  pipes  were  offset 
around  the  foundation  if  the  interference  was  local.  When  the  same 
sub-surface  structure  interfered  with  several  foundations,  it  was  relaid 
in  a  new  position,  in  order  to  avoid  a  large  number  of  offsets. 

The  foundations  were  built  of  concrete,  and  were  usually  rect- 
angular in  plan.  The  top  was  slightly  larger  than  the  base  of  the 
column  resting  on  the  foundation.  The  sides  tapered  downward  to 
the  top  of  a  rectangular  footing  which  had  vertical  sides  varying 
from  1  to  3  ft.  in  depth,  and  a  horizontal  offset  all  around,  varying 
from  6  to  12  in.  This  shape  was  decided  on,  as  it  requires  the  least 
excavation  and  can  be  cast  in  one  operation,  without  changing  forms. 
The  bottom  area  of  the  foundation  depended  on  the  load  on  it  and 
the  carrying  capacity  of  the  soil,  but  was  generally  not  less  than  7 
ft.  square.  Usually,  the  size  was  9  or  10  ft.  square.  The  standard 
depth  of  the  foundations  was  14  ft.  below  the  street  surface;  this  depth 
generally  assured  the  foundation  against  undermining  due  to  excava- 
tions for  future  cellars  or  sub-surface  structures. 

Where  the  old  foundations  supporting  the  elevated  structure  were 
rebuilt,  the  superstructure  was  carried  by  shoring  during  their 
removal  and  the  construction  of  the  new  ones.  As  the  shoring 
had  to  support  the  structure  in  the  immediate  vicinity  of  the 
column,  while  it  was  desired  to  transfer  the  pressure  at  the  street  level 
to  points  sufficiently  far  away  from  the  foundation  excavation  to  avoid 
the  necessitv  of  excessive  timbering  and  the  danger  of  settlement  of 
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the  shoring  due  to  a  cave-in,  the  load  was  transferred  by  the  shoring 
to  girders  supported  at  the  ends  by  blocking,  laid  on  the  street  surface. 
The  girders  were  long  enough  to  insure  that  the  load  on  them  would 
not  produce  excessive  horizontal  pressures  on  the  sheathing  holding  the 
sides  of  the  excavation.  In  most  cases  the  shoring  girders  were  either 
24-in.,  120-lb.,  Bethlehem  beams,  or  48-in.  plate  girders  from  40  to  45 
ft.  long.  The  24-in.  beams  were  preferred,  when  strong  enough  to 
carry  the  load,  as  they  were  more  easily  handled.  The  blocking  at  the 
ends  consisted  usually  of  old  ties  laid  side  by  side  and  wedged  up 
slightly  above  the  street  surface,  which  was  not  disturbed.  After  the 
blocking  and  the  girders  were  set  in  place  and  leveled  up,  the  space 
between  the  blocking  and  the  street  surface  was  filled  with  a  lean  liquid 
mortar  of  cement  and  sand.  It  was  found  that  this  mortar  when  set 
produced  an  excellent  bearing,  and  could  easily  be  removed  from  the 
street  surface,  when  the  work  was  completed.  No  settlement  of  the 
street  surface  was  ever  observed  due  to  the  pressure  of  the  shoring. 

When  conditions  permitted,  the  shoring  consisted  simply  of  the 
shoring  girders  and  brackets  riveted  to  the  columns  and  supported  by 
the  girders.  This  method  was  used  when  the  structure  had  sufficient 
transverse  stiffness,  but  only  if  the  columns  were  to  be  renewed,  as  it 
was  not  desired  to  drill  the  holes  necessary  for  the  connection  of  the 
brackets  in  the  webs  or  flanges  of  permanent  columns.  The  column 
load  was  taken  off  the  old  foundations  and  transferred  to  the  shoring 
girders  by  driving  wedges  between  the  brackets  and  the  girders.  When 
these  wedges  were  being  driven,  the  first  effect  was  to  deflect  the 
girders,  without  raising  the  column;  as  the  driving  continued,  the 
column,  which  had  previously  been  made  free  to  move  vertically,  by 
loosening  the  nuts  of  the  anchor-bolts,  would  be  lifted  clear  of  the 
foundation.  The  driving  of  the  wedges  would  be  continued  until  the 
column  was  raised  about  4  in.  above  the  foundation.  No  work  of  re- 
moval of  the  foundation  would  be  commenced  until  the  column  had 
remained  wedged  up  for  about  24  hours,  in  order  to  test  the  shoring 
under  traffic.  The  wedging  operation  was  carried  on  between  trains, 
in  order  to  a\oid  the  additional  live  load  due  to  the  trains  passing 
over  the  columns. 

In  most  cases  the  structure  of  the  single-column  type  was  shored 
by  placing  four-post  towers,  made  up  of  12  by  12-in.  yellow  pine  tim- 
bers on  top  of  the  shoring  girders,   one  tower   at  each   side  of  the 
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euluiuii.  The  structure  wa.s  raised  ull  the  old  fuuudutkui  by  wedging 
between  the  top  of  the  towers  and  the  bottom  of  the  track  stringers, 
the  column  which  was  connected  to  the  track  stringers  being  raised 
with  the  stringers.  Special  types  of  shoring  used  under  extraordinary 
conditions  will  be  described  later. 

The  sides  of  the  excavations  were  supported  by  2-in.  close  sheathing, 
held  in  place  by  rangers,  which  were  generally  made  of  old  6  by  8-in. 
track  timber,  scarfed  at  the  ends.  The  sheathing  was  driven  down  as 
the  excavation  proceeded. 

At  first  the  old  foundations  to  be  replaced  were  removed  by  hand. 
This  method,  however,  was  slow  and  expensive,  and,  as  soon  as  air 
supply  could  be  had,  pneumatic  hand  drills  were"  used  instead. 

Usually,  the  sheathing  was  driven  only  to  the  top  of  the  footing  of 
the  new  foundations,  and  the  concrete  for  this  portion  was  placed  with- 
out forms.  Large  stones  were  placed  so  as  to  project  above  the  tops 
of  the  footings  and  form  a  bond  with  the  remainder  of  the  foundation. 
The  forms  for  the  tapered  portion  of  the  foundation  were  set  on  top 
of  the  concrete  footing  after  the  concrete  had  set.  They  were  made  in 
sections  which  could  be  bolted  together  and  withdrawn  without  being 
destroyed;  this  allowed  the  use  of  the  same  forms  for  a  large  number 
of  foundations.  The  framing  consisted  of  2  by  4-in.  and  4  by  4-in. 
rough  spruce,  with  planking  of  2-in.  boards,  dressed  on  the  edges  and 
on  the  inside  of  the  form. 

The  concrete  used  for  the  foundations  was  mixed  in  the  proportion 
of  1  part  of  Portland  cement,  2^  parts  of  sand,  and  5  parts  of  stone 
graded  to  a  maximum  size  of  2  in.  On  account  of  the  long  distance 
between  the  different  points  where  the  foundations  were  placed,  and 
the  comparatively  small  quantity  of  concrete  required  at  each  point, 
the  mixing  was  usually  done  by  hand.  The  mixture  was  made  rather 
wet  and  was  shoveled  directly  from  the  mixing  board  into  the  form. 
A  laborer  was  generally  stationed  inside  the  form  to  distribute  the  con- 
crete and  work  it  well  up  against  the  sides. 

The  greater  part  of  the  foundation  work  occurred  on  Sections  Nos. 
1,  2-A,  2-B,  5-A,  5-B,  5-D,  and  G-A,  and  only  this  work  will  be  de- 
scribed herein. 

Foundations. — Section  No.  1. — Altogether,  64  foimdations  were  con- 
structed in  this  section,  of  which  52  replaced  existing  ones,  and  12 
were  in  new  locations.     In  several  places,  where  shoring  was  needed. 
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the  gas  mains  were  found  to  be  so  close  to  the  street  surface  that  pro- 
vision had  to  be  made  against  danger  to  the  shoring  from  possible  ex- 
plosions and  fire  due  to  leaks  in  the  mains,  which  danger  often  was 
aggravated  by  the  necessity  of  placing  the  support  of  the  shoring  di- 
rectly over  the  gas  mains.  This  danger  was  provided  against  by  drill- 
ing and  plugging  holes  in  the  mains  about  250  ft.  apart.  If  a  leak 
occurred,  the  flow  of  gas  was  stopped  by  bagging  the  adjacent  holes 
until  repairs  were  made,  and  if  the  leak  was  directly  under  the  shoring, 
where  no  repairs  could  be  made  during  the  time  the  shoring  carried 
the  load,  the  pipe  was  by-passed  around  the  shoring,  and  the  inter- 
rupted house  service  connections  were  connected  temporarily  to  the 
by-pass. 


15  iSi  33  lb.  X  6  0 


tf 


SHORING  BRACKET  NO.  2 


SHORING  BRACKETS  NOS.  3,  4,  5  AND  6 


FIG.   85. 

In  practically  all  cases  the  load  of  the  structure  was  transferred  to 
the  shoring  girders  by  brackets  riveted  to  the  column  shaft,  as  shown 
by  Fig.  85.  When  the  load  was  less  than  200  000  lb.,  the  bracket  con- 
sisted of  two  15-in.  channels  connected  to  the  webs  of  the  colui'nn 
channels  by  four  angles.  These  15-in.  channels  extended  far  enough 
on  both  sides  of  the  column  to  bear  on  the  supporting  shoring  girders. 
When  the  load  was  greater,  the  brackets  consisted  of  inverted  seats 
riveted  to  the  webs  of  the  column  shaft  and  supported  on  two  18-in.  or 
20-in.  I-beams,  which,  again,  were  supported  on  I-beams  laid  cross- 
wise so  as  to  get  a  bearing  on  the  shoring  girders.  Fig.  87  shows  the 
structure  in  the  New  Bowery  supported  on  brackets  of  the  first  type. 
Here  the  shoring  girders  of  some  of  the  bents  were  carried  several  feet 
above  the  sidewalk  level,  in  order  not  to  interfere  with  the  surface 
structures,  such  as  fire  hydrants  and  coal  holes. 
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Fig.   SH. — Xew  North  Span  of  Harlem  River  Bridgi; 


P^G.   87. — Shori.ng  for  Foundations.     New  Bowery. 
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A  special  method  of  shoring  was  used  for  a  column  at  Chatham 
Square.  This  column  was  so  close  to  a  surface-car  track,  that  there 
was  not  sufficient  room  to  place  a  shoring  girder  on  tlip  aide  of  the 
column  adjacent  to  the  car  track. 

The  shoring  as  shown  by  Fig.  88  was  accomplished  by  placing  on 
the  street  surface  two  plate  girders,  4  ft.  deep,  on  the  side  of  the 


Fig.  88. 
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column  away  from  the  street-car  tracks.  The  girders  were  placed  ap- 
proximately parallel  to  the  car  tracks,  one  close  to  the  column  and  the 
other  about  5  ft.  from  the  first.  By  using  timber  bents,  the  load  of 
two  of  the  cross-girders  carried  by  the  column  was  brought  to  bear  on 
the  top  of  the  second  shoring  girder.  The  remainder  of  the  load  on 
the  column  was  carried  by  two  short  cantilever  girders  placed  on  top 
of,  and  at  right  angles  to,  the  shoring  girders  and  riveted  to  the 
column.  The  shoring  girder  adjacent  to  the  column  acted  as  a  fulcrum 
for  these  cantilever  girders,  and  the  uplift  at  the  outer  end  of  the 
cantilevers  was  taken  care  of  by  fastening  them  with  yokes  to  the 
outer  shoring  girder.  All  connections  of  the  short  cantilever  girders 
were  made  to  the  webs  of  the  column  channels,  as  it  was  not  con- 
sidered safe  to  remove  the  lattice  bars  connecting  the  channels,  in 
order  to  rivet  the  cantilevers  to  the  flanges  of  these  channels,  because 
the  column  was  taking  its  full  load  while  the  cantilever  girders  were 
being  riveted.  A  considerable  portion  of  the  load  on  the  column  was 
taken  directly  into  the  shoring  girder  adjacent  to  the  column,  due  to 
the  fact  that  two  of  the  angles  connecting  the  column  to  the  cantilever 
girders  were  placed  directly  over  the  shoring  girder. 

As  the  new  foundations  were  completed  in  advance  of  the  delivery 
of  the  new  steelwork,  the  old  columns  were  supported  temporarily  on 
the  new  foundations.  The  bases  of  the  old  columns,  however,  were 
generally  at  a  higher  elevation  than  those  of  the  new  columns.  The 
concrete  foundations  were  finished  at  their  proper  level,  but  on  top  of 
the  concrete  was  built  a  brick  extension,  high  enough  to  support  the  old 
columns.  Brick  was  used  for  this  work,  in  order  to  facilitate  its  re- 
moval when  the  old  columns  were  replaced  with  the  new  structure. 

In  general,  all  new  column  bases  were  designed  to  fit  over  the  old 
anchor-bolts,  or,  where  new  anchor-bolts  were  used,  the  latter  were 
dropped  through  the  holes  in  the  cast-iron  bases  of  the  old  columns 
which  took  the  old  anchor-bolts,  and  were  then  built  into  the  new  con- 
crete foundations. 

In  certain  cases,  however,  the  details  of  the  new  structure  necessi- 
tated different  locations  for  the  anchor-bolts  that  secured  the  existing 
column  and  the  new  column  to  the  new  foundation.  In  such  cases,  two 
sets  of  anchor-bolts  were  provided,  and  the  temporary  ones  were  cut 
off  flush  with  the  top  of  the  permanent  foundation  when  the  new  column 
was  erected.     The  anchor-bolts  for  the  new  columns,  however,   could 
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not  extend  during  the  temporary  period  above  the  bottom  of  the  old 
base.  Fig.  89  shows  such  a  case.  As  the  new  column  was  skewed  in 
relation  to  the  existing  column,  two  sets  of  anchor-bolts  were  pro- 
vided. The  anchor-bolts  for  the  new  structure  had  sleeve  nuts,  set 
flush  with  the  top  of  the  permanent  foundations.  When  the  old  steel- 
work was  removed,  extensions  of  the  anchor-bolts  were  screwed  into 
the  sleeve  nuts,  and  the  necessary  length  of  the  bolts  was  obtained  in 
this  manner. 


SKEW 
FOUNDATION 


Fig.  89. 
Foundations. — Section  No.  2-A. — In  the  Bowery,  for  the  portion 
of  the  Third  Avenue  Line  included  under  Section  iSTo.  2-A,  66  new 
foundations  were  placed.  Of  these,  32  were  in  the  roadway,  IT  on 
the  sidewalk  clear  of  the  existing  foundations,  and  17  replaced  existing 
foundations. 
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The  Bowery  is  an  old  established  main  thoroughfare,  and  contains 
a  vast  number  of  sub-surface  structures,  the  location  of  which  it  was 
desired  to  determine  in  advance,  so  that  they  could  be  removed  where 
they  interfered  with  the  construction  of  the  foundations.  Trenches 
were  excavated  across  the  street,  therefore,  first  on  one  side,  between 
curb  and  car  track,  and  then  on  the  other  side,  so  as  to  maintain  the 
street  traffic.  These  trenches  were  made  on  line  with  the  location  of 
each  new  foundation,  and  were  about  2  ft.  wide  and  about  5  ft.  deep, 
which  is  generally  as  deep  as  any  sub-surface  structures,  except  sewers, 
will  be  found.  All  the  sub-surface  structures  encountered  were  sur- 
veyed and  plotted,  and  the  necessary  relocations  determined.  Between 
Canal  and  Hester  Streets,  the  relocation  involved,  on  the  west  side  of 
the  street,  a  12-in.  gas  main,  a  16-in.  gas  main,  a  24-in.,  high-pressure 
(fire  service)  water  main,  and,  on  the  east  side,  a  16-in.  gas  main,  an 
8-in.  gas  main,  and  a  12-in.  water  main. 

After  the  sub-surface  structures  had  been  relocated,  which  was  done 
in  sections,  and  on  one  side  of  the  street  only  at  a  time,  the  new 
foundations  within  the  excavated  area  were  constructed,  and  the  whole 
excavation  was  refilled  and  repaved. 

At  the  points  where  the  foundations  were  replaced,  the  structure 
was  supported  by  shoring  girders.  At  some  of  these  points  the  usual 
method  of  shoring  could  not  be  used,  as  the  columns  were  near  street 
crossings  where  the  shoring  girders,  as  usually  arranged,  would  in- 
terfere with  the  traffic  on  the  street-railway  tracks.  Therefore,  the 
arrangement  shown  by  Fig.  90  was  used.  An  excavation,  10  by  8  ft. 
was  made  immediately  adjacent  to  the  foundation  to  be  reconstructed, 
and  carried  down  to  the  full  depth  of  the  new  foundation,  which  was 
about  8  ft.  below  the  existing  one,  and,  therefore,  necessitated 
careful  sheathing.  The  bottom  of  the  excavation  was  covered  with 
concrete  on  which  was  laid  a  solid  floor  of  12  by  12-in.  timbers.  On 
the  top  of  this  floor  was  set  a  four-post  timber  bent  with  two  of  the 
posts  vertical  and  the  other  two  on  a  batter.  The  posts  were  12  by  12-in. 
yellow  pine  timbers,  and  the  bent  was  19  ft.  high.  Near  the  column 
of  the  bent,  next  to  that  for  which  the  foundation  was  to  be  recon- 
structed, another  timber  bent  was  placed,  resting  on  the  street  and 
sidewalk  surface.  The  shoring  girders  were  placed  on  top  of  these  bents 
and  cautilevered  Si  ft.  over  the  bent  first  described,  so  as  to  reach  the 
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point  of  the  structure  to  be  supported.     The  uplift  was  taken  care  of 
by  blocking-  the  shoring  girders  against  the  track  stringers. 

Foundations — Section  No.  i^-B. — In  this  section,  which  extended  on 
the  Bowery  from  Delancey  to  5th  Street,  practically  all  the  columns 
were  moved  from  the  curb  line  to  the  roadway.  The  greater  part  of 
the  work  consisted  of  changes  in  the  sub-surface  structures.  On  ac- 
count of  the  excessive  number  of  such  structures,  it  was  not  possible 
to  provide  room  for  all  of  them  outside  of  the  foundations,  and  one 
16-in.  gas  main,  therefore,  was  conducted  through  the  center  of  the 


Uplift=15  200  lb. 


Pig.  90. 
foundations  at  both  sides  of  the  street.  This  gas  main,  which  con- 
sisted of  cast-iron  pipe,  was  first  jacked  into  such  a  position  that  it 
would  be  centered  in  the  foundations  throughout  the  whole  length, 
and  those  portions  of  the  main  which  would  be  within  the  foundations 
were  then  replaced  with  vsTOught-iron  pipe.  In  order  to  make  it  pos- 
sible to  withdraw  and  renew  the  pipe,  a  form  was  placed  around  it 
prior  to  replacing  the  concrete.  The  form  was  made  of  a  steel  plate, 
semicircular  at  the  top,  and  with  straight  sides.  The  bottom  of  the 
form  was  a  2-iii.  plank.  The  steel  form  was  made  in  two  lengths, 
meeting  at  the  center  of  the  pier,   and  was  held  in  place  by  wooden 
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blocks,  1  in.  thick,  jjlaced  on  top  of  the  pipe.  The  form  was  removfd 
by  pushing  these  blocks  beyond  the  form  and  allowing  it  to  drop.  The 
wrought-iron  pipes  were  placed  in  such  a  manner  that  no  joints  oc- 
curred inside  of  the  foundation,  and  the  minimum  height  of  the  con- 
crete above  the  pipe  w^s  1  ft.  The  column  bases  supported  by  the 
foundations  have  been  described  previously. 

Foundations. — Section  No.  5- A. — The  work  in  this  section  com- 
prised the  rebuilding  of  26  foundations  under  the  existing  structure 
and  the  placing  of  9  additional  foundations,  8  of  which  were  on  the 
sidewalk  and  supported  the  added  platform  structure  of  the  station 
at    125th    Street. 

At  the  time  the  work  was  done,  only  24-in.  Bethlehem  I-beams 
were  available  for  shoring  girders,  and  three  of  these  were  needed  to 
carry  the  load  of  one  column.  One  24-in.  beam  was  placed  on  the  side 
of  the  column  adjacent  to  the  street-car  tracks,  which  were  in  the 
center  of  the  street  between  the  columns  supporting  the  structure. 
There  was  only  room  for  one  I-beam  on  this  side  of  the  column 
between  it  and  the  street-car  clearance,  otherwise  four  I-beams  would 
have  been  used,  in  order  to  avoid  eccentric  loading.  The  details  of 
the  shoring  are  shown  by  Fig.  91.  Brackets  riveted  to  the  column 
shaft,  and  consisting  of  two  15-in.  channels,  transferred  the  load  to 
the  shoring  girders.  The  deflection  of  the  24-in.  I-beams  was  suffi- 
ciently large  to  gauge  the  uniformity  of  the  stress  in  the  three  I-beams 
by  the  uniformity  of  their  deflection,  which  was  maintained  by  driv- 
ing the  wedges  the  proper  amount  on  top  of  each  I-beam.  In  order 
to  avoid  undue  stress  in  the  long  arms  of  the  brackets,  a  timber  bent 
tied  to  the  column  shaft  was  set  on  top  of  the  brackets  and  was  sup- 
ported by  the  under  side  of  the  existing  track  stringers,  and  wedges 
Vvcre  driven  between  the  top  of  the  bent  and  the  track  stringers  in 
order  to  prevent  undue  deflection  of  the  brackets. 

Foundations. — Section  No.  5-B.— On  this  section  no  column  foun- 
dations were  removed  and  replaced,  but  27  new  foundations  were 
built,  of  which  24  were  built  on  the  sidewalk  to  support  the  new  125th 
Street  Station,  and  were  of  the  standard  type;  the  remaining  three 
were  of  a  special  type,  and  deserve  further  description.  These  three 
foundations  were  in  close  proximity  to  the  west  shore  line  of  the 
Harlem  River,  at  the  point  where  the  bridge  carrying  the  Second  and 
Third  Avenxie  Lines  crosses  the  river.     The  surface  of  the  ground  is 
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less  than  6  ft.  above  mean  hi^h  water,  and  the  soil  is  very  soft  to  a 
depth  of  more  than  30  ft.  below  mean  high  water,  where  good  coarse 
sand  is  found.  The  south  shore  piers  of  the  Harlem  Eiver  Bridge 
and  a  number  of  foundations  carrying  the  elevated  structure  are 
in  this  vicinity.  The  bridge  piers  are  carried  down  solidly  to  firm 
bearing;  the  structure  foundations  consist  of  masonry  piers  to  mean 
low  water,  supported  on  piles.  The  softness  of  the  soil  causes  it  to 
have  a  tendency  to  move  toward  the  river,  as  shown  by  the  existing 
foundations,  the  tops  of  which,  in  the  course  of  time,  have  shifted 
an  appreciable  distance,  making  it  necessary  to  disconnect  the  columns 
from  the  foundations  and  reset  them.  Although  the  existing  founda- 
tions might  have  been  sufficient  to  carry  the  additional  loading  of 
the  new  structure,  it  was  not  deemed  advisable  to  add  to  their  load- 
ing. The  new  structure,  therefore,  was  supported  on  new  and  inde- 
pendent foundations.  It  was  desired,  however,  to  construct  these  new 
foundations  in  such  a  manner  that  they  would  be  able  to  resist  the 
tendency  to  move  toward  the  river,  and  so  that,  at  the  same  time,  their 
construction  would  not  disturb  the  existing  structure  or  bridge  foun- 
dations. 

The  details  of  the  designs  and  the  location  of  these  three  founda- 
tions are  shown  on  Plate  XLVII.  All  three  foundations  consisted  of 
concrete  carried  down  to  solid  ground  and  encased  in  a  steel  sheet- 
piling.  Two  of  them  were  circular.  The  third  was  intended  to  replace 
an  existing  foundation  without  removing  the  latter.  It  was  built, 
therefore,  around  the  existing  foundation,  but  on  account  of  various 
sub-surface  obstructions,  it  had  to  be  divided  into  two  parts.  The 
obstructions  consisted  of  a  48-in.  gas  main  curving  around  and  into 
a  steel-lined  shaft,  10  ft.  in  diameter,  from  which  it  was  carried  in  a 
tunnel  across  the  river,  an  old  cribwork  bulkhead,  a  pilework  bulkliead. 
and  six  submarine  cables,  supplying  electric  current  for  the  Borough 
of  The  Bronx. 

The  construction  of  these  foundations  was  done  in  the  following 
manner:  The  steel  piling  for  a  foundation  was  first  driven  to  the  full 
depth.  The  excavation  was  then  made,  without  attempting  to  remove 
the  water,  in  fact,  it  was  desired  to  retain  the  water  in  order  to 
lessen  the  pressure  on  the  piling  and  decrease  the  possibility  of 
material  flowing  from  the  outside  into  the  excavation.  Finally,  the 
concrete  was  placed,  through  the  water. 


PLATE  XLVII. 
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One  of  the  cylindrical  foundations  was  first  started.  On  account 
of  the  foundation  being  partly  under  the  existing  structure,  the 
sheet-piling  could  only  be  set  in  short  lengths,  and  three  lengths  were 
used  to  bring  it  to  the  full  depth.  A  pit  was  first  excavated  by  hand 
to  low-water  level  and  shored.  A  wooden  drum,  about  8  ft.  in  diani- 
eier.  was  then  set  in  the  pit  as  a  guide  for  the  sheet-pile  driving,  and 
thi'  tirst  length  of  sheet-piling  was  set  up  and  interlocked  complete. 
Lackawanna  steel  sheet-piling,  125  by  ^  in.,  was  used.  The  lengths 
of  the  i)iliugs  were  10  ft.  and  14  ft.,  alternately,  so  as  to  form  a  splice 
4  ft.  liiii,^;-  for  the  next  section.  The  driving  was  done  with  a  2-ton 
steam  hannner.  Each  piece  of  piling  was  hammered  down  about  1  ft. 
at  a  time,  around  the  comi}lete  circle,  a  follower,  consisting  of  a  4-ft. 
length  of  sheet-piling,  being  used  to  drive  the  10-ft.  sections.  The 
piling  drove  easily  in  the  soft  ground,  but  rip-rap  and  heavy  logs, 
probably  part  of  former  cribwork  construction,  retarded  the  progress 
of  the  work.  The  logs  lying  horizontally  formed  in  particular  very 
obstinate  obstructions,  as  they  acted  as  an  elkstic  cushion  and  caused 
the  piling  to  bounce  back  after  each  blow  without  any  apparent  effect 
on  the  log.  Sometimes  it  was  necessary  to  pull  some  of  the  pile 
sections,  sharpen  the  edge  of  the  interlocking  part  of  the  pile,  and 
start  driving  again,  and  finally  the  log  would  give  way  rather  suddenly. 

The  excavation  was  done  with  a  clam-shell  bucket  worked  by  a 
derrick,  which  had  also  been  used  to  suspend  the  pile-driver  and  move 
it  from  place  to  place.  No  serious  difficulties  were  met  in  doing  this 
work.  The  concrete  was  placed  through  a  chute,  the  water  never 
being  removed  during  the  operations  of  excavation  and  concreting. 

The  second  circular  foundation  was  completed  in  a  similar  manner. 
The  third  foundation  was  started  by  surrounding  the  existing  pier 
completely  with  steel  sheet-piling,  in  order  to  tie  the  two  parts  of  the 
new  foundation  together.  The  remainder  of  the  piling  for  the  first 
length  was  then  set,  and  driving  commenced.  Before  driving  liad 
started,  it  became  apparent  that  the  submarine  cables  previously  men- 
tioned might  possibly  have  shifted  from  their  original  position  and 
might  be  directly  under  the  sheet-piling  to  be  driven.  A  diver,  there- 
fore, was  employed  to  locate  the  cables  and  remove  them,  if  necessary. 
As  some  of  the  cables  had  been  placed  prior  to  the  shaft  sinking  for  the 
gas  main,  they  were  buried  from  8  to  10  ft.  below  earth  and  rip-rap. 
The  rip-rap  was  removed  by  the  diver,  who  placed  it  in  a  bucket  which 
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was  hoisted  from  the  top,  the  soft  soil  was  removed  by  a  water  jet,  and 
the  cables  w^ere  replaced  so  as  not  to  interfere  with  the  driving  of  the 
sheeting. 

The  piling  was  driven  until  hard  bottom  was  encountered,  which 
was  34  ft.  below  mean  high  water  on  the  land  side  and  44  ft.  on  the 
river  side.  This  difference  was  probably  due  to  the  disturbance  of 
the  soil  on  the  river  side  during  the  shaft  sinking  for  the  gas  main. 


PLAN 
DETAILS  OF  FOUNDATIONS  WITH   FOUNDATION-GIRDERS 

(Bents  3,  I,  ">,  G,  7,  8-9,  10-13) 

Fig.  92. 


SECTION  ^-.4 


Foundations. — Section  No.  5-D. — The  portion  of  the  existing 
structure  which  was  within  the  limits  of  the  freight  yard  of  the  New 
York,  New  Haven  and  Hartford  Railroad  Company  was  generally 
supported  on  four-column  bents  placed  between  and  parallel  to  the 
yard  tracks.  Each  column  was  carried  on  a  separate  concrete  founda- 
tion with  a  granite  cap,  and  supported  on  piles.  The  new  columns 
were  on  a  line  with  the  existing  bents  and  between  a  pair  of  existing 
columns,  but  generally  so  close  to  one  of  them  that  a  new  foundation 
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could  not  be  placed  without  interfering  with  the  existing  one.  In 
addition  to  this,  the  driving  of  piles  for  new  foundations  was  out 
of  the  question  on  account  of  the  interference  with  the  traffic  in  the 
railroad  yard  and  the  lack  of  head-room  under  the  existing  structure. 


PLAN 

DETAILS  OF  NEW  FOUNDATIONS 
NEAR  HARLEM  RIVER 
Fig.  93. 


The  method  ur,ed  for  supporting  the  new  columns,  therefore,  was  to 
bridge  the  space  between  the  existing  foundations  with  two  founda- 
tion girders  supported  by  the  existing  foundations,  and  to  connect 
the  column  to  these  girders.    Fig.  92  shows  the  details  of  these  founda- 
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lions.  Each  of  the  foundation  girders,  which  were  3  ft.  deep,  con- 
sisted of  a  web-plate  and  a  single  top  and  bottom  flange  angle.  They 
were  spaced  generally  3  ft.  apart,  which  brought  them  outside  of  the 
cap-stone  of  the  existing  foundations.  The  concrete  of  the  existing 
foundations  v/as  trimmed  down,  so  as  to  make  room  and  provide  a  seat 
for  the  foundation  girders.  After  the  girders  had  been  set  in  place, 
the  spaces  between  the  concrete  pier  and  the  foundation  girders  were 
filled  with  grout.  Diaphragms  were  provided  at  the  ends  of  the  foun- 
dation girders  to  keep  them  in  place  and  at  the  location  of  the  columns 
to  carry  their  loads.  Wlien  the  riveting  was  completed,  the  foundation 
girders  were  encased  completely  in  concrete  which  was  water-proofed 
all  around  with  four-ply  water-proofing  paper  and  pitch. 

The  details  of  the  foundations  for  the  new  columns  of  the  first  two 
bents  of  the  Harlem  River  are  shown  by  Fig.  93.  As  neither  railroad 
tracks  nor  existing  structure  interfered  with  the  pile-driving  at  these 
locations,  additions  were  made  to  the  existing  foundations,  which  were 
supported  on  piles.  The  additions  were  made  to  correspond  to  the 
construction  of  the  existing  foundations  so  as  to  prevent,  as  far  as 
possible,  uneven  settlement. 

North  of  the  railroad  yard  tracks,  where  the  new  columns  came 
close  to  the  existing  foundations,  similar  additions  were  made  to  the 
latter  with  the  exception,  however,  that  no  piles  were  used  to  support 
these  foundations. 

Altogether,  in  this  section,  14  new  columns  were  supported  on 
girders,  12  on  additions  to  existing  foundations,  and  21  on  independent 
foundations. 

Foundations.— Section  No.  6- A. — This  section  was  entirely  on  a 
private  right  of  way,  except  where  the  right  of  way  intersected  cross 
streets.  The  existing  structure  was  supported  directly  on  brick  piers 
throughout  the  private  right  of  way,  and  on  column  bents  set  inside 
the  curb  lines  at  the  cross  streets.  As  the  existing  south-bound  track 
was  moved  sidewise,  new  piers  had  to  be  constructed  to  support  this 
track,  in  addition  to  the  new  foundations  required  to  support  the  ad- 
ditional structure.  Altogether,  53  new  piers  and  205  new  foundations 
were  constructed  in  this  section. 

The  existing  bents  at  the  cross  streets  were  supported  on  four 
columns  set  on  the  sidewalk  parallel  to  the  curb.  The  new  supporting 
columns  of  the  bents  were  on  line  with  the  existing  columns,  but  gon- 
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orally  at  different  locations.  Plate  XLVIII  shows  the  method  of  shor- 
ing used  on  rebuilding  the  foundations.  First,  four  shoring  girders, 
consisting  of  24-in.  Bethlehem,  I-beanis,  or  two  plate  girders,  4  ft. 
deep,  were  placed  parallel  to  the  bent,  two  on  each  side  of  the  columns, 
and  a]-)proximately  centered  on  one  of  the  existing  tracks.  These  shor- 
iny-  girders  were  supported  on  timber  blocking  at  the  points  marked  A, 
B,  and  D  (Sketch  No.  1).  The  cross-girder  carrying  the  existing  track 
was  then  supported  on  blocking  between  the  top  of  the  shoring  girders 
and  the  bottom  of  the  cross-girder,  and  the  load  was  transferred  to 
the  shoring  girders  by  driving  wedges  between  the  blocking  and  the 
cross-girder.  The  existing  foundation  under  the  outside  column  was 
then  removed,  and  the  new  one  (marked  "1")  was  placed.  At  the 
same  time,  the  other  foundation  (marked  "2"),  which  did  not  interfere 
with  the  existing  structure,  was  constructed.  After  back-filling  around 
Foundation  1,  so  that  the  blocking  (marked  C),  under  the  shoring 
girders,  could  be  placed;  this  was  done  and  the  blocking  (marked  B) 
was  removed.  The  existing  foundation  for  the  inside  column  of  the 
supported  track  was  then  removed,  and  the  new  foundation  was  placed. 
As  the  existing  column  had  to  be  supported  until  the  new  steel  could 
be  erected,  the  new  foundation  was  made  wide  enough  to  carry  this 
column.  A  brick  support  was  built  between  the  top  of  the  permanent 
foundation  and  the  under  side  of  the  existing  granite  cap-stone,  which 
was  attached  with  bolts  to  the  column  and  retained,  in  order  to  facili- 
tate the  removal  of  the  temporary  support.  When  this  work  was  com- 
pleted, the  shoring  girders  were  moved  so  as  to  center  on  the  other 
track,  and  were  supported  at  one  end  on  the  new  foundation  (marked 
"2")  and  at  the  other  end  by  a  framed  timber  bent  set  on  the  base  of 
the  newly  constructed  foundation  (marked  "3").  The  track  structure 
was  supported  by  blocking,  as  before.  The  foundations  under  the  two 
shored  columns  were  then  removed,  and  the  new  permanent  founda- 
tions were  placed.  This  new  foundation  was  made  wide  enough  to 
support  the  existing  columns  temporarily. 

At  138th  Street,  where  a  new  subway  was  being  built,  it  was 
desired  to  carry  the  foundation  down  to  solid  rock.  The  rock  surface 
at  this  point  was  very  irregular,  so  that,  though  two  of  the  foundations 
were  carried  only  17  ft.  below  the  surface  of  the  street,  three  of  them 
had  to  be  carried  down  about  39  ft.,  which  brought  them  below  the 
subgrade  of  the  subway. 
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Fig,-  94  is  typical  of  the  foundation  work  within  the  right  of  way. 
The  light  lines  represent  the  piers  supporting  the  existing  structure, 
and  the  heavy  lines  represent  the  new  work.  The  new  pier  was  built 
to  support  the  existing  south-bound  track,  which  was  moved  sidewise, 
and  the  foundations  supported  the  new  structure.  The  new  piers 
were  generally  carried  down  to  the  bottom  of  the  existing  piers, 
about  6  ft.  below  the  surface,  but,  in  addition  to  this,  before  the 
piers  were  built,  an  excavation  was  made  along  the  property  line 
under  each  pier,  3  ft.  wide,  16  ft.  long,  and  about  12  ft.  deep  below 
the  curb  level  of  the  nearest  street,  and  filled  with  concrete,  in  order 
to  prevent  possible  undermining  of  the  piers,  if  the  adjoining  houses 
should  be  rebuilt. 


COLUMN  FOUNDATIONS 
BENTS  56  AND   117 
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Fig.   94. 


The  foundation  and  the  piers  on  the  west  side  of  the  right  of 
way  were  completed  first,  starting  from  the  south  end  and  going  north. 
The  remaining  foundations  on  the  east  side  were  then  constructed, 
starting  at  the  center  of  a  block  and  working  in  both  directions 
in  order  to  facilitate  the  handling  of  the  materials  in  the  limited 
working  space. 

The  forms  for  the  piers  were  detachable,  and  each  side  was  in 
three  sections  and  secured  in  place  by  timber  yokes.     On  account 
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of  the  large  quantity  of  concrete  to  be  mixed,  a  concrete  mixer  was 
used  for  the  construction  of  the  piers.  The  mixer  was  mounted  on 
a  platform  which  also  carried  the  implement  for  hoisting  and  dumping 
the  concrete.  The  platform  was  moved  on  rollers,  using  a  drum  on 
the  hoist  for  motive  power. 

Steel  Erection. 

The  greater  part  of  the  work  under  the  Manhattan  Elevated  Kail- 
way  Improvements  was  in  public  streets,  often  congested  with  traffic. 
The  steelwork,  the  total  weight  of  which  was  about  50  000  tons, 
therefore,  could  not  be  stored  in  large  quantities,  or  for  any  length 
of  time,  at  the  points  where  it  was  required  for  erection.  The  greater 
part  of  the  steel  came  over  the  Pennsylvania  Railroad  and  the  Central 
Railroad  of  New  Jersey,  and  was  unloaded  and  stored  in  the  rail- 
road terminal  yards  in  New  Jersey,  at  Greenville  and  Communipaw, 
respectively.  The  receiving  points  for  the  steel  in  New  York  were 
the  Company's  Yard  at  128th  Street  and  the  Harlem  River,  the  dock 
front  of  which  was  increased  by  leasing  adjacent  property,  and  a  dock 
front  at  Perry  Street  and  the  North  River  was  leased  for  the  purpose. 
All  the  steelwork  for  the  up-town  sections  was  delivered  at  the 
128th  Street  dock,  and  that  required  for  the  down-town  sections 
at  the  Perry  Street  dock.  As  the  material  was  needed,  it  was  lightered 
from  the  railroad  yards  to  the  Company's  docks,  where  it  was  stored 
temporarily  until  it  could  be  trucked  away.  The  trucks  were  loaded 
at  each  dock  with  a  derrick  erected  for  the  purpose.  The  material 
was  trucked  to  the  site  of  the  work  and  deposited  in  the  street  until 
it  could  be  erected,  which  generally  meant  that  it  remained  in  the 
street  only  for  a  day  or  two.  In  this  manner,  the  congestion  of  the 
streets  due  to  storage  of  material  was  reduced  to  a  minimum. 

Steel  Erection. — Section  No.  1. — Fig.  95  is  a  bird's-eye  view  of  the 
greater  portion  of  Section  No.  1  after  completion.  The  view  was 
taken  from  Chatham  Square,  and  shows  the  City  Hall  Branch  in  Park 
Row  to  the  right  and  the  South  Ferry  Branch  in  the  New  Bowery 
to  the  left.  Fig.  96  shows  the  general  layout  of  the  old  tracks  at 
Chatham  Square.  The  first  work  done  was  the  erection  of  the  steel 
for  the  west  platform  of  the  new  City  Hall  Branch  Station  at  the 
west  side  of  Chatham  Square.  The  steelwork  for  this  platform  and 
the   adjacent   tracks    is   shown    on   Fig.    96.      When   the   station   was 
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completed,  and  the  new  west  track  was  connected  to  the  existing^ 
south-bound  track,  the  south-boiuid  service  was  diverted  from  the 
existing  station  just  north  of  Chatham  Square  to  this  new  station 
and  track.  The  old  south-bound  track  was  then  removed,  so  that 
connection  could  be  made  to  the  new  north-bound  track  east  of  the 
new  platform.  When  this  work  was  completed,  the  old  station  was 
abandoned  and  the  structure  carrying  the  disused  portion  of  the 
tracks  was  dismantled,  making  room  for  the  construction  of  the 
new  two-track  structure,  connecting  to  the  new  upper  deck  of  the 
City  Hall  Station. 

The  erection  of  the  new  structure  in  the  New  Bowery  was  started 
at  the  south  end,  where  the  ramp  commenced  at  the  grade  of  the 
present  structure.  The  erection  of  this  structure  involved  only  minor 
changes  in  the  existing  tracks.  The  new  structure  in  Park  Row  was 
erected  with  a  traveler,  starting  at  Chatham  Square  and  going  through 
on  the  upper  deck  to  City  Hall  Station.  When  the  new  structure 
had  risen  sufficiently  above  the  lower  deck,  it  was  carried  immediately 
above  the  existing  tracks.  Before  the  traveler  erected  the  upper-deck 
girders,  the  new  columns  were  erected,  and  the  lower-deck  cross-girders 
were  either  reinforced  or  replaced.  Fig.  97  shows  the  shoring  of  the 
structure  used  to  carry  out  this  work.  Two  four-post  bents  were 
placed  at  each  side  of  the  structure  and  supported  two  shoring  girders 
which  carried  the  track  stringers  and  the  track  while  the  old  columns 
and  cross-girders  were  being  removed  and  the  new  ones  placed.  The 
erection  of  the  new  work  was  done  with  gin-poles,  and,  in  order  to 
facilitate  their  erection,  the  new  lower-deck  cross-girders  were  shipped 
bolted  and,  in  the  beginning,  raised  member  by  member  and  riveted  in 
place.  As  the  work  progressed,  it  was  found  that  they  could  be 
raised  complete  without  serious  interference  with  the  traffic  in  the 
street,  and,  therefore,  they  were  riveted  together  completely  before 
erection  with  the  exception  of  the  top  flange,  which  had  to  be  erected 
separately,  as  it  extended  above  the  top  of  the  track  stringers,  the 
ends  of  which  were  so  close  together  that  the  flange  of  the  cross-girder 
could  not  pass  through  the  intervening  space. 

Steel  Erection. — Section  No.  2-A. — Whenever  the  erection  of  the 
new  structure  necessitated  interference  with  the  train  service,  the 
method  of  procedure  was  carefully  worked  out  in  advance,  so  as  to 
insure  at  all  times  during  the  progress  of  the  work  safe  and  continuous 
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Fig.  95. — Chatham  Square,  Looking  South. 


Fig.   96. — Chatham  Square  at  the  Beginning  of  Reconstruction. 
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Fig.  97. — Shoring  in  Park  Row. 


Fig,  98.^ — New  and  Old  Structures  in  the  Bowery. 
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operation  of  trains  and  station  facilities.  Plate  XLIX  shows  the 
method  of  procedure  worked  out  in  advance  of,  and  strictly  followed  in 
the  erection  of,  the  new  steel  structure  in  Section  No.  2-A.  The  plan 
marked  "Original  Condition"  shows  the  platforms  and  tracks  which 
existed  prior  to  the  reconstruction  work.  It  shows  the  old  Chatham 
Square  Station,  with  the  pocket  tracks,  the  Canal  Street  Station,  with 
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the  outside  platforms,  and  the  Grand  Street  Station,  with  two  inside 
platforms,  to  which  access  was  obtained  by  stairs  under  the  tracks. 
The  new  steelwork  through  the  old  Grand  Street  Station  could  not 
be  placed  until  the  new  station  had  been  erected,  as  the  existing  plat- 
forms and  station  building,  which  covered  the  entire  space  between 
the  tracks,  had  to  be  maintained.  The  steel  erection,  therefore,  was 
commenced  north  and  south  of  the  old  Grand  Street  Station. 
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South  of  Grand  Street  Station,  the  two  bents,  numbered  191  and 
192,  were  first  erected  with  a  derrick  set  up  in  the  street.  As  the  new 
permanent  columns  on  the  west  side  of  the  street  were  to  be  on  the 
sidewalk  under  the  existing  structure,  and,  therefore,  with  the  cross- 
girders  supported  by  them,  would  interfere  with  the  existing  track 
structure,  the  new  cross-girders  were  designed  so  that  those  portions 
which  did  not  interfere  with  the  existing  track  structure  could  be 
erected  first.  Temporary  steel  columns  were  provided  to  support  the 
west   ends   of  these   girders,   as   shown   by   Fig.    99.      The  temporary 
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Fig.  100. 

columns  rested  on  a  grillage  of  four  I-beams,  set  directly  on  top  of  the 
street  pavement,  in  the  direction  of  the  traffic,  and  completely  encased 
in  concrete.  When  the  two  bents,  191  and  192,  were  erected,  including 
the  track  stringers,  the  derrick  which  had  been  used  to  place  this 
work,  was  re-erected  on  top  of  the  track  stringers,  and,  when  this 
work  was  completed,  it  was  used  to  erect  all  the  structure 
south  of  this  point.  At  and  south  of  Canal  Street  there  were  several 
bents  which  were  to  be  supported  permanently  on  sidewalk  columns. 
As  the  new  structure  was  several  feet  above  the  present  one,  parts 
only  of  the  cross-girders  were  erected  and  temporary  columns  in  the 
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roadway  were  provided  to  support  these  cross-girders.  At  one  point 
— the  south  side  of  Canal  Street — the  street-railway  tracks  which 
curved  around  from  the  Bowery  to  Canal  Street,  did  not  permit  the 
placing  of  a  temporary  column  in  the  street.     The  cross-girder,  there- 
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fore,  was  provided  with  a  temporary  shallow  end  which  was  supported 
on  the  permanent  column  on  the  sidewalk,  as  shown  by  Fig.  100.     To 
support  the  existing  track  stringers,  a  temporary  bracket  was  riveted 
to  the  new  column  shaft,  as  shown.     From  Bent  173  south,  the  new 
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columns  were  all  on  the  sidewalk,  and  replaced  the  existing  columns. 
The  new  lower-track  level  approached  the  level  of  the  existing  tracks. 
and  the  cross-girders,  therefore,  were  designed  to  be  placed  below  and 
without  interfering  with  those  tracks.  The  track  stringers  were  shored 
while  this  work  was  being  done,  as  shown  by  Fig.  101.  First,  an 
excavation  was  made  to  an  elevation  slightly  below  the  bottom  of  the 
base  of  the  new  column.  This  excavation  was  lined  solidly  with 
(>  by  8-in.  timbers  to  make  it  safe  to  support  the  shoring  directly  on 
the  edge,  which  was  desired  in  order  to  support  the  track  stringers 
as  near  as  possible  to  the  connection  to  the  column.  The  inside  of  the 
lined  excavation  was  approximately  4J  by  5  ft.,  which  permitted  suffi- 
cient working  space  to  remove  the  old  column,  to  cut  down  the  existing 
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foundation  to  match  the  new  columns,  which  were  generally  set  deeper 

than  the  existing   ones,   and  to   set   the  new   columns.     The   shoring 

consisted  of  two  four-post  framed  bents  set  on  short  blocks  directly 

on  top  of  the   street   and  sidewalk  pavement.     Blocking   was   placed 

between  the  top  of  the  shoring  bents  and  the  track  stringers,  which 

were    reinforced    with    vertical    wooden    web    members,    in    order    to 

transmit    the   web    stresses    directly    to    the   shoring.      The    load    was 

transferred    from    the    existing    column    to  .  the    shoring    by    driving 

wedges   between   the   bottom   of   the   shoring   bents   and   the   blocking 

in  the  street.     Special  shoring  had  to  be  provided  at  certain  places 

where  street-car  tracks   interfered  with  the  usual  method.     Fig.   102 

shows   the   method   of   shoring   at   Bent    171,    where    a    street-railway 
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track  curves  into  the  Bowery.  On  one  side  of  the  column  a  standard 
shoring  bent  was  used ;  on  the  other  side  two  shoring  bents  were  placed 
so  as  to  clear  the  car  track,  and  the  structure  was  carried  by  two  24-in. 
I-beams,  resting  on  the  shoring  bents.  The  clearance  below  these 
I-bcams  was  sufficient  for  the  street  cars  to  pass,  but  not  STifficient  for 
ordinary  street  traffic. 

Another  derrick  was  started  north  of  the  Grand  Street  Station. 
This  derrick  was  erected  on  a  platform,  furnished  by  first  erecting 
Bents  201  and  202.  including  the  stringers  between  these  bents.  This 
derrick  moved  north,  erecting  the  steel  until  stopped  by  an  injunction, 
some  property  owners  objecting  to  having  the  columns  placed  on  the 
sidewalk,  although  the  certificate  under  which  the  work  was  done 
did  not  permit  their  being  placed  in  the  street.  The  injunction  was 
eventually  removed,  but,  in  the  meantime,  the  derrick  was  taken  down 
and  moved  to  the  north  end  of  Section  No.  2-B,  at  Fourth  Street, 
and  the  steel  erection  was  completed  by  this  derrick  moving  south 
to  the  point  where  the  erection  had  been  stopped. 

From  Bent  201  to  the  north  end  of  the  section,  the  columns  of  the 
new  bents  were  all  placed  on  the  sidewalks.  The  columns  of  the 
old  structure,  which  were  generally  not  connected  with  cross-girders, 
were  originally  placed  without  attempting  to  square  up  their  location 
across  the  street.  If  the  old  column  locations  had  been  retained  in 
the  new  structure,  all  the  cross-girders  would  have  been  skewed  con- 
siderably in  relation  to  the  track  stringers.  The  old  column  locations 
therefore,  wore  retained  only  on  one  side  of  the  street,  and,  on 
the  other  side,  the  new  columns  were  placed  directly  opposite,  without 
reference  to  the  existing  locations.  The  new  cross-girders  were  deep 
in  the  center  portion,  but  the  ends  were  made  shallow  enough  to  be 
erected  without  the  top  flange  interfering  with  the  existing  operating 
tracks.  Wliere  the  old  columns  had  to  be  removed,  in  order  to  place 
the  new  columns  and  cross-girders,  the  track  structures  were  shored 
in  a  manner  similar  to  that  described  for  the  bents  from  Bent  173 
south.  On  the  other  side  of  the  street,  the  new  cross-girders  inter- 
sected the  existing  track  stringers,  which,  therefore,  had  to  be  cut 
prior  to  the  erection  of  the  cross-girders.  It  will  be  remembered  that 
the  new  foundations  for  the  columns  supporting  these  new  cross- 
girders,  had  been  constructed  in  advance  of  this  work.  These  founda- 
tions were  uncovered  sufficiently  to  set  the  new  columns,  and  the  pit 
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was  lined  with  6  by  8-in.  timbers,  as  described.  The  new  column  was 
then  set  in  place,  and  a  four-post  framed  shoring  bent  was  built  around 
it,  as  shown  by  Fig.  103,  supported  on  blocking  laid  on  the  street 
surface.  The  shoring  bent  was  made  to  carry  the  load  of  the  stringers 
by  driving  wedges  between  the  top  of  the  blocking  and  the  bottom  of 
the  shoring  bent.  The  work  to  be  done  consisted  of  cutting  the  near- 
side track  stringers  to  make  room  for  the  new  cross-girders.  The 
far-side  track  stringer  was  not  affected,  as  the  cross-girder  did  not 
extend  far  enough  to  interfere  with  it.     After  the  shoring  bent  was 


REPLACEMENT  OF  COLUMN 


At  Col.  :No.209  E. 


Fig.   103. 


in  place  and  wedged  up,  the  track  stringer  was  cut  and  the  new 
cross-girder  was  set  in  place  on  top  of  the  new  column.  The  stringer 
ends  were  then  supported  on  a  temporary  seat  on  the  new  column, 
and  the  shoring  was  released. 

Before  the  new  structure  could  be  put  in  service,  the  portion  of 
the  structure  occupied  by  the  existing  Grand  Street  Station  had  to 
be  placed.  This  could  not  be  done  until  the  new  Grand  Street  Station 
had  been  sufficiently  completed  and  provided  with  temporary  plat- 
forms to  serve  the  existing  tracks^  This  was  accomplished  by  the 
traveler  placing  the  new  outside  track  stringers   (which  could  not  be 
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put  in  their  permanent  position,  as  they  would  then  interfere  with 
the  running  tracks),  in  a  temporary  position  adjacent  to  the  running 
tracks.  As  the  new  track  level  was  purposely  placed  at  the  correct 
elevation  ahove  the  existing  track  level,  the  new  track  stringers  in 
their  temporary  positions  were  just  suitable  for  supporting  the  tem- 
porary platforms.  The  new  mezzanine  station  building  of  the  Grand 
Street  Station  at  the  Broome  Street  end  was  svifficiently  completed  to 
be  put  in  service,  and  was  connected  to  the  temporary  platforms.  The 
old  Grand  Street  Station  was  then  abandoned  and  demolished,  and 
the  new  steel  structure  was  completed  throughout  the  section  suffi- 
ciently to  lay  the  center  track.  The  new  west  island  platforms  of 
the  station  at  Grand  Street  and  Canal  Street  were  then  completed. 
At  the  Canal  Street  Station  it  was  originally  intended  to  gain  access 
to  the  new  platforms  by  a  temporary  bridge  from  the  old  platform 
after  the  south-bound  track  had  been  abandoned.  It  was  found, 
however,  that  it  would  be  possible  to  place  a  temporary  stairway 
at  the  east  side  of  the  roadway  close  to  the  curb  at  the  north  side 
of  Canal  Street.  This  stairway,  therefore,  was  placed  connecting  to 
the  new  mezzanine  station  at  Canal  Street,  which  was  sufficiently 
completed  to  be  placed  in  service.  The  scheme  was  to  use  tem- 
porarily the  new  center  track  for  south-bound  service,  so  that  the 
existing  south-bound  track  could  be  abandoned  and  the  new  structure 
on  the  west  side  completed.  The  new  permanent  connection,  therefore, 
was  made  between  the  new  center  track  and  the  local  south-bound 
track  to  City  Hall  at  Chatham  Square  just  south  of  Section  No.  2-A, 
and  a  temporary  cross-over  was  provided  between  the  center  track  and 
the  new  south-bound  local  track  to  South  Ferry,  just  south  of  the 
Canal  Street  Station.  This  local  track  to  South  Ferry  rises  above  the 
grade  of  the  existing  tracks  and  continues  on  the  upper-grade 
structure,  which  had  been  constructed  as  part  of  Section  No.  1 
through  the  New  Bowery  and  had  been  completed  ready  for  opera- 
tion at  this  time.  At  the  same  time  the  new  center  track  had  been 
completed  through  Section  No.  2-B  to  Fourth  Street,  and  the  local 
traffic  was  temporarily  carried  on  the  newly  constructed  tracks  from 
Fourth  Street  to  Chatham  Square.  This  left  the  existing  structures 
on  the  west  side  of  the  Bowery  free  to  be  removed,  which  was  done, 
and  the  new  structure  was  completed  on  this  side  of  the  street.  This 
work   included   the  erection   of   the   sidewalk   columns    and   the   com- 


2160  MANHATTAN   ELEVATED   RAILWAY   IMPEOVEMENTS       [Papers. 

])letion  of  the  cross-girders,  the  erection  of  which  had  been  inter- 
fered with  by  the  existing  structure,  and  also  the  removal  of  the 
temporary  columns  on  the  west  side  of  the  roadway.  When  this  work 
had  been  completed  and  the  new  south-bound  track  had  been  laid,  the 
temporary  cross-over  south  of  Canal  Street  was  removed,  and  the 
permanent  connection  was  made  to  the  new  south-bound  track  to 
South  Ferry.  The  south-bound  traffic  was  then  diverted  from  the 
center  track  to  the  new  permanent  south-bound  track  and  the  north- 
bound traffic  between  Chatham  Square  and  Fourth  Street  to  the 
center  track,  which  involved  the  completion  of  the  permanent  track 
connections  at  Chatham  Square  and  the  placing  of  a  temporary  cross- 
over south  of  Canal  Street  to  connect  the  new  upper-deck  track 
from  South  Ferry  with  the  center  track.  The  work  remaining  to  be 
done  to  complete  the  structure  on  the  east  side  of  the  Bowery  was 
then  completed^  the  temporary  cross-over  south  of  Canal  Street  was 
removed,  and  the  local  north-bound  service  was  transferred  to  its 
permanent  track. 

Steel  Erection. — Section  No.  2-B. — In  Section  No.  2-B,  which 
extended,  on  the  Bowery,  from  the  north  end  of  Section  No.  2-A, 
near  Delancey  Street,  to  Fifth  Street,  the  new  structure  was  placed 
in  the  middle  of  the  roadway;  the  existing  structure  was  on  the  side- 
walk. There  was,  therefore,  practically  no  interference  with  the  exist- 
ing tracks  during  the  steel  erection,  except  near  Fifth  Street,  where 
a  connection  was  made  to  the  existing  structure,  which,  at  this  point, 
is  in  the  roadway.  Following  a  similar  procedure  to  that  described 
under  Section  No.  2-A,  two  bents  and  their  track  stringers  were 
erected  near  Fourth  Street  with  a  derrick  set  up  in  the  street.  The 
derrick  was  then  erected  on  this  platform  and  moved  south,  erecting 
the  steel  structure  as  it  proceeded. 

Later,  another  derrick  was  set  up  on  the  same  platform  to  erect  the 
steel  north  of  this  point.  The  new  track  level  was  several  inches 
higher  than  the  existing  level,  and,  as  it  became  necessary  to  make 
temporary  connections  with  the  running  tracks,  these  were  raised  to 
make  the  connections  on  a  proper  grade.  The  raising  was  done  by 
placing  four-post  shoring  bents  under  the  track  stringers,  and  jacking 
and  wedging  the  track  stringers  to  the  proper  level  after  the  column 
had  been  disconnected. 
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Fig.  98  shows  the  erection  in  progress  iu  the  vicinity  of  the  Houston 
Street  Station. 

Steel  Erection. — Sccdon  No.  S. — The  first  work  of  steel  erection 
on  this  section  was  the  reinforcement  of  the  column  tops,  as  described 
under  the  heading,  "Steel  Design."  The  reinforcement  of  existing 
lattice  cros.s-girders  between  33d  and  35th  Streets  was  commenced 
soon  thereafter.  It  consisted  of  replacing  the  existing  lattice  members 
with  web-plates.  While  this  work  was  being  done,  the  track  stringers 
were  carried  on  shorings,  as  shown  by  Fig.  10-1.  On  each  side  of  the 
ct)lumns  supporting  a  cross-girder  was  placed  a  four-post  shoring  bent 
with  the  posts  tapering.  The  shoring  bents  rested  on  blocking  laid 
on  the  surface  of  the  street;  this  blocking  was  leveled  up  with  wedges, 
and  a  lean,  liijuid  mixture  of  sand  and  cement  was  poured  to  fill  the 
space  between  it  and  the  street  surface.  On  top  of  each  pair  of  shoring 
bents  was  placed  two  24-in.  I-beams  crosswise  under  the  structure. 
The  track  stringers  were  supported  by  blocking  on  these  I-beams, 
and  the  load  was  transferred  to  the  shoring  by  wedging  under  the  track 
stringers.  The  reinforcing  web-plates,  which  were  generally  about 
14  ft.  long,  were  raised  to  their  proper  level  between  the  building  line 
and  the  structure,  and  were  then  gradually  worked  in  between  the 
ends  of  the  track  stringers.  At  the  34th  Street  Station,  where  the 
station  structure  interfered  with  the  placing  of  the  plates  in  this 
manner,  they  were  erected  in  shorter  pieces  between  the  tracks. 

After  this  work  was  completed,  the  cross-girders  between  12th  and 
IGth  Streets  were  reinforced.  At  this  location  the  existing  cross-girders 
were  made  with  two  end  pieces  and  a  center  piece.  The  existing  end 
pieces  were  removed  and  replaced  with  new  ones,  and  the  center  piece 
was  reinforced  with  a  new  web-plate.  In  addition  to  this  the  center- 
track  stringers  were  remodeled  to  change  the  existing  connections  to  the 
cross-girders  to  seat  the  connections.  While  this  work  was  going  on, 
a  traveler  was  erected  just  north  of  35th  Street  to  place  the  new  track 
stringers  and  cross-girders  north  of  this  point.  In  order  to  place 
the  new  cross-girders  the  existing  track  stringers  were  disconnected 
and  carried  on  shoring  until  the  erection  of  the  new  steelwork  was 
completed.  Two  bents  were  shored  at  the  same  time,  and  the  shoring 
was  moved  forward  as  soon  as  the  work  permitted  its  release.  The 
work  of  erecting  the  steelwork  for  the  hump  stations  at  9th,  23d,  42d, 
and   lOGth   Streets  was  done  by  travelers   starting  at  one  end  of  the 
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approach  and  moving  forward,  erecting  all  steelwork,  except  some 
for  the  express  platform,  which  generally  was  erected  with  a  jinnywink 
operating  behind  the  traveler.  Fig.  125  shows  the  erection  of  the 
steelwork  for  the  express  station  and  track  at  the  9th  Street  Station 
as  well  as  the  derrick  and  the  jinnywink  in  operation. 

Steel  Erection. — Section  No.  Jf^-A. — The  steel  erection  for  this  sec- 
tion, which  comprised  the  Second  Avenue  Line  from  Chatham  Square 
to  116th  Street,  involved  mainly  the  placing  of  new  track  stringers 
for  the  center  track,  which  work  was  done  with  traveling  derricks 
moving  forward  on  the  stringers  set  by  the  traveler.  At  the  86th 
Street  Station,  it  was  originally  intended  to  have  no  express  station, 
but  after  the  center  track  stringers  had  been  designed  and  fabricated 
to  be  placed  on  the  level  of  the  existing  tracks,  the  Public  Service  Com- 
mission ordered  an  express  station  to  be  built  at  this  point.  This  station 
is  of  the  hump  type.  Another  hump  station  was  constructed  at  14th 
Street,  and  a  mezzanine  station  was  built  at  42d  Street.  The  existing 
structure  at  this  point  was  not  sufficiently  high  to  provide  head-room 
under  it  for  a  mezzanine  station.  The  track  structure,  therefore,  was 
first  raised  to  the  necessary  height,  which  amounted  to  a  maximum 
of  15  in.  The  raising  of  the  structure  was  accomplished  by  placing 
blocks  between  the  top  of  the  cross-girders  and  the  under  side  of  the 
lips  of  the  track  stringers.  The  reconstruction  of  the  station  was 
commenced  on  the  west  side  of  the  structure,  and  necessitated  the 
abandonment  of  the  existing  south-bound  track  throughout  the  portion 
to  be  constructed.  The  south-bound  traffic  was  turned  into  the  existing 
center  track  north  and  south  of  the  station,  and,  in  order  to  maintain 
access  to  the  station,  a  temporary  platform  was  constructed  over  the 
abandoned  track  adjacent  to  the  existing  platform  and  extending  north 
for  260  ft.  from  the  center  of  42d  Street.  In  order  not  to  interfere 
with  traffic,  the  timber  bents  supporting  this  platform  were  cut  and 
framed  in  advance,  and  the  platform  was  placed  one  night  between 
1  and  5  A.  M.,  during  which  time  no  trains  were  operated  on  the 
Second  Avenue  Line. 

The  south  end  of  the  old  south-bound  platform  was  then  removed, 
the  existing  track  girders  of  the  south-bound  track  were  shifted  into 
their  new  positions,  the  south  half  of  the  new  west  island  platform 
was  constructed,  and,  in  order  to  make  this  platform  long  enough 
to   serve   the  traffic,   a   temporary   timber  extension   was   built   at   the 
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Fig.   104. — Shoring  in  Third  Avt.ntje  at  33d  Street. 


Fig.  105. — Station  on  Third  Avenue  at  42d  Street  During  Reconstruction. 
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soiitli  end.  Access  to  the  platfurm  was  obtained  by  a  stairway  to  the 
new  mezzanine  station,  which  was  partly  completed  and  connected 
to  the  street  by  a  stairway.  When  this  work  was  completed  and  ready 
for  operation,  the  existing  south-bound  station  was  abandoned  for 
traffic,  as  well  as  the  temporary  platform  north  of  42d  Street,  and  the 
south-bound  trains,  still  running  on  the  center  track,  were  stopped 
at  the  new  island  platform.  The  platform  construction  and  the  west 
station  building  were  then  removed,  and  the  relocation  of  the  south- 
bound track  and  the  construction  of  the  west  island  platform  were 
completed.  South-boimd  traffic  was  then  run  on  the  new  permanent 
south-boimd  track,  and  the  north-bound  traffic  was  diverted  to  the 
center  track,  the  new  west  island  platform  serving  both  tracks.  This 
left  the  east  side  of  the  structure  clear  of  traffic  and  permitted  the 
relocation  of  the  north-bound  track  and  the  completion  of  the  con- 
struction of  the  east  island  platform.  Fig.  105  shows  the  temporary 
platform  north  of  42d  Street  in  place  and  the  center  track  being  used 
for  south-bound  service;  half  of  the  station  building  has  been  removed. 
The  new  mezzanine  station  is  placed  in  the  span,  just  south  of  the  center 
line  of  42d  Street,  and  is  supported  by  the  through  bridge  girders  shown. 
These  girders  also  support  the  track  structure  and  the  platforms. 
Fig.  106  shows  the  southerly  half  of  the  new  west  island  platform  in 
course  of  construction. 

At  the  92d  Street  Station  the  existing  platform  was  centered 
between  the  two  running  tracks,  and  was  removed  to  make  room  for 
the  new  express  track.  To  replace  this  platform,  two  side  platforms 
were  constructed,  and,  as  the  structure  at  this  point  is  very  high,  a 
mezzanine  station  was  built  under  the  track  structure.  The  existing 
cross-girders  were  first  lengthened,  and  the  new  platforms  and  mez- 
zanine were  constructed.  When  these  platforms  and  the  stairs 
connecting  them  with  the  mezzanine  station  were  completed,  the  old 
center  platform  was  removed. 

Steel  Erection. — Section  No.  5- A. — In  this  section,  which  comprised 
the  Third  Avenue  Line  between  116th  Street  and  the  Harlem  River, 
the  approach  to  the  upper-deck  express  station  commenced  near 
121st  Street,  and,  as  the  express  track  was  to  connect  with  the 
upper  deck  of  the  Harlem  River  Bridge,  it  remained  elevated 
throughout  the  section.  Before  the  upper-deck  structure  was  erected, 
the    existing    cross-girders    and    colunms    supporting    the    lower-deck 
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structure  in  Third  Avenue  between  123d  and  128th  Streets  were 
replaced.  In  order  to  support  the  track  stringers  while  the  cross- 
girders  and  columns  were  being  removed,  two  24-in.  I-beams  'were 
placed  under  the  structure  on  each  side  of  the  cross-girder  and  supported 
on  timber  shoring  bents,  in  a  manner  similar  to  that  described  under 
Section  No.  3.  As  it  was  the  intention  to  scrap  the  old  material,  no 
attempt  was  made  to  preserve  the  members  intact,  and  the  removal  of 
the  old  structure,  therefore,  was  facilitated  by  burning  it,  with  a 
blaugas  flame,  into  pieces  convenient  to  handle.  After  the  old  columns 
and  cross-girder  of  a  bent  had  been  removed,  the  new  cross-girder 
Cwhich  was  shipped  loose,  with  the  top  flange  and  such  web-angles  as 
might  interfere)  was  hoisted  into  a  position  directly  below  that 
which  it  was  to  occupy  permanently,  and  was  supported  in  this  position 
temporarily  by  the  shoring.  It  was  then  worked  into  place  by  jacking 
and  blocking  through  the  narrow  space  between  the  ends  of  the 
track  stringers.  The  top  flange-angles  were  afterward  pushed  in  from 
the  side  of  the  structvire  between  the  track  stringers  and  the  ties, 
and  the  work  was  completed  by  riveting  the  pieces  together.  When- 
ever the  stringer  ends  were  to  be  remodeled,  this  was  done  in  con- 
junction with  the  erection  of  the  new  cross-girders.  The  columns, 
which  had  detachable  bases,  were  set  after  the  cross-girder  was  in 
place,  the  procedure  being  first  to  set  the  loose  base  over  the  anchor- 
bolts  and  then  slip .  the  column  shaft  in  between  the  base  and  the 
cross-girder.  As  the  structure  was  generally  jacked  \ip  a  little  above 
the  final  elevation,  in  order  to  carry  the  load  of  the  structure  on  the 
shoring,  little  difliculty  was  experienced  in  putting  the  columns  in 
place. 

South  of  the  125th  Street  Station,  the  existing  cross-girders  and 
columns  were  retained,  but  the  cross-girders  were  reinforced  and  the 
ends  of  the  center-track  stringers  were  remodeled.  As  this  work  was 
done  while  traflic  was  running  over  the  center  track,  the  structure 
had  to  be  shored.  The  method  of  shoring  is  shown  on  Fig.  108.  The 
shoring  bents  had  four  posts,  all  in  one  plane,  and  were  secured  to 
the  columns  by  yokes.  These  bents  were  not  designed  originally  for 
this  special  purpose,  but  had  been  used  on  another  section.  The 
shoring  girders  which,  as  usual,  consisted  of  two  pairs  of  24-in. 
I-beams,  rested  on  top  of  these  bents  and  supported  the  track 
stringers. 
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Fig.  106. — Statio.v  in  Second  Avenxie  at  42d  Street,  Structure  Above 

Mezzanine. 
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The  derrick  wliicli  erected  the  upper-deck  structure,  was  set  up 
at  the  south  end  of  the  upper-deck  approach,  and  erected  the  steel 
structure  complete  as  it  proceeded,  until  it  reached  128th  Street.  At 
this  point  the  length  of  the  new  upper-deck  span  is  about  90  ft.,  and 
the  girders  weighed  about  17  tons  each.  The  derrick  was  not  able 
to  handle  these  girders.  Another  and  heavier  derrick  was  erected, 
therefore,  on  top  of  a  tower  construction  built  from  the  street  level 
to  the  level  of  the  lower  deck.  This  derrick  raised  each  girder  from 
the  street  and  placed  it  in  position  on  the  new  cross-girders,  which 
v/ere  also  raised  by  this  derrick.  As  it  was  the  invariable  rule  not 
to  permit  a  train  to  pass  under  steel  in  the  process  of  erection,  while 
suspended  from  a  derrick,  or  while  not  securely  fastened  to  its 
supports,  the  erection  of  these  girders  delayed  the  traffic,  the  delay 
in  each  case  being  about  15  min.  After  this  bridge  structure  had 
been  erected,  the  auxiliary  derrick  was  dismantled,  and  the  first 
derrick  proceeded  to  erect  the  work  through  to  the  Harlem  River 
Bridge. 

Steel  Erection.- — Section  No.  5-B. — This  section  extended  from 
116th  to  129th  Street  on  Second  Avenue.  To  provide  the  proper  grade 
for  the  connection  to  the  two  decks  of  the  new  Harlem  River  Bridge, 
the  complete  structure  had  to  be  raised  for  a  length  of  1  387  ft.,  the 
maximum  rise  being  7.5  ft.  As  it  was  essential  that  traffic  should  be 
maintained  while  the  structure  was  being  raised,  and  that  the  grades 
should  at  all  times  be  reasonable,  a  complete  plan  was  worked  out 
in  advance  of  the  work,  giving  the  location  of  the  points  to  be  raised 
at  one  time,  the  rise  at  each  point,  and  the  sequence  of  the  lifting 
operations.  In  the  preliminary  studies  it  was,  as  seemed  reasonable, 
first  attempted  to  start  the  lifting  operations  at  the  point  of  the  line 
where  the  final  rise  was  greatest,  that  is,  at  the  middle  of  the  portion 
of  the  structure  to  be  raised,  but  it  was  soon  found  that  no  satisfactory 
grade  could  be  maintained  starting  at  this  point.  The  scheme  decided 
on  is  shown  on  the  upper  part  of  Plate  L.  The  lifting  operations  were 
started  at  the  south  end  of  the  new  grade,  and  usually  five  bents  were 
raised  during  one  operation.  The  maximum  rise  during  any  one 
operation  was  limited  to  6  in.  The  second  lift  was  partly  superimposed 
on  the  first  one,  but  extended  over  three  additional  bents,  and  the 
work  was  continued  in  this  manner  until  five  operations  were 
completed,  and  the  structure  for  about  half  the  length  had  been  raised 
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DIAGRAM  OF  SUCCESSIVE  DAILY  JACKING  OPERATIONS 


SHORING  OF  STRUCTURE,  THIRD  AVENUE  LINE 
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;i  ni;i.\iiniiiii  of  nlx.nl  li  in.  Annlhcr  set  of  jncks  wiis  then  started 
(.l)t'r:itiii^\  oiu  set  coutiuuiii^'  iiortli  from  the  location  of  the  fiftli 
oi)eratioii.  aiul  the  other  set  starting-  at  the  south  end  of  the  grade. 
Tlie  effect  of  this  method  of  raising  tlie  structure  was  actually  to 
raise  it  in  steps  the  full  length  of  the  rise,  each  step  being  approxi- 
mately 6  in.  high.  The  numbers  on  the  diagram  indicate  the  sequence 
of  the  operations,  and  the  numbers  enclosed  in  a  circle  indicate  the 
operations  of  the  second  set  of  jacks.  As  this  second  set  was  not 
working  during  the  five  first  operations  of  the  first  set,  the  first 
operatit)n  of  this  set  is  numbered  6,  to  correspond  to  the  sixth  opera- 
tion of  tlie  first  set  of  jacks.  It  was  intended  originally  to  raise  the 
structure  between  1  and  5  A.  m.,  when  no  trains  are  ruiniing  on  this 
line,  and  it  was  intended  to  complete  one  operation  only  during  each 
night,  but,  as  work  of  this  kind  would  be  very  unsatisfactory  to 
perform  by  artificial  light,  it  was  decided  to  do  it  during  the  day, 
nnd  the  jacking  operations  were  completed  in  IT  working  days,  without 
interfering  with  the  operation  of  trains. 

At  both  ends  of  the  structure  raised,  where  the  lift  was  less  than 
o  ft.  H  in.,  that  is,  where  the  track  level  could  be  raised  to  its  proper 
grade  by  raising  the  track  stringers  only,  without  bringing  the  bottom 
of  the  stringers  above  the  top  of  the  cross-girders,  the  track  stringers 
only  were  raised.  For  the  remainder  of  the  length,  which  altogether 
included  twenty  bents,  the  complete  structure,  including  cross-girders 
and  columns,  was  raised.  Where  the  track  stringers  only  were  raised, 
they  were  supported  during  the  work  by  shoring.  A  four-post  bent 
with  all  the  posts  in  the  same  plane  and  with  the  two  outside  posts 
battered,  was  set  on  a  grillage  of  12  by  12-in.  timbers  laid  on  the 
street  surface  and  grouted.  The  bent  was  placed  outside  of  the 
columns,  in  order  not  to  interfere  with  the  street-car  sei'vice,  the  tracks 
of  which  were  between  the  colunms.  The  bent  was  tied  to  tlie  colunui 
l)y  two  yokes,  as  shown.  On  top  of  two  such  bents,  attached  at  the 
columns  supporting  the  same  cross-girder,  were  placed  four  24-in. 
I-beams,  two  on  each  side  of  the  cross-girder.  These  I-beams  had 
been  used  previously  for  shoring  girders  during  the  foundation  work 
on  other  sections,  and,  as  it  was  desired  not  to  punch  holes  in  them. 
in  order  not  to  destroy  their  value  for  any  future  use,  the 
I-beams  were  held  in  place  by  wood  blocks  and  steel  straps.  The  jacks 
used  for  raising  the  girders  were  set  on  top  of  these  I-beams,  and, 
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during  the  jacking  operation,  the  space  between  the  lip  of  the 
stringers  and  the  top  of  the  cross-girder  was  continuously  kept  filled 
with  blocking  and  wedges,  in  order  to  prevent  any  dropping  of  the 
stringers  due  to  failure  of  the  jacks.  When  a  jacking  operation  was 
completed,  the  space  between  the  top  of  the  I-beams  and  the  bottom 
of  the  track  stringers  was  also  filled  with  blocking,  so  as  to  have 
double  security  against  dropping  of  the  stringers. 

Where  the  structure  was  to  be  raised  complete,  the  method  of 
procedure  was  as  follows :  First,  a  pit  was  dug  around  the  base  of 
each  column,  deep  enough  to  expose  the  base.  These  pits  were  6  ft. 
square,  after  being  lined  solidly  with  12-in.  timbers.  A  double 
A-frame,  of  12  by  12-in.  timbers,  as  shown  on  Plate  LI,  was  then 
placed  under  the  ends  of  the  cross-girders,  outside  the  columns,  on 
timber  blocking  laid  on  the  street  surface,  and  grouted.  A  working 
platform  was  provided  on  top  of  the  A-frames  and  12  by  12-in.  girder 
posts  at  each  corner  of  the  platforms.  These  girder  posts  were  to  keep 
the  blocking  in  place,  and  will  be  described  later,  but  the  inside  ones 
could  not  be  carried  to  their  full  height  before  the  structure  was 
raised,  as  they  would  interfere  with  the  track  stringers  in  their  orig- 
inal position.  They  were  arranged,  therefore,  so  that  they  could  be 
spliced  afterward.  To  stiffen  the  bents  laterally  during  the  work, 
two  24-in.  I-beams  connected  the  two  shoring  bents  under  the  same 
cross-girder,  and  were  braced  by  brackets  to  them. 

When  all  the  structure  to  be  raised  was  shored,  the  nuts  of  the 
anchor-bolts  in  the  bents  to  be  raised  during  an  operation  were 
loosened,  and  the  jacks,  wdiich  were  set  on  top  of  the  working  plat- 
forms, were  started.  The  rise  of  the  structure  was  followed  up  with 
Tvedges  and  blocking,  both  under  the  cross-girder  and  under  the  bases 
of  the  columns.  When  the  structure  was  raised  high  enough  to  permit 
it,  sleeve  nuts  were  screwed  on  to  the  anchor-bolts,  and  extension 
anchor-bolts,  consisting  of  2-in.  rods,  threaded  their  full  length,  were 
added.  Afterward,  the  structvire  was  secured  to  the  foundations 
after  each  jacking  operation  by  tightening  the  nuts  on  the  extension 
bolts.  On  the  top  of  the  shoring  bents,  the  working  platform  was 
gradually  raised  by  a  blocking  of  12  by  12-in.  timbers  secured  to  the 
shoring  by  the  guide-posts  and  by  braces  to  the  I-beams,  as  shown. 

Two  of  the  shoring  bents  had  to  be  placed  immediately  above  public 
service  manhole  chambers  in  the  street.     They  were  supported,  there- 
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fore,  on  shoring  girders,  wliich  removed  the  load  from  the  roof  of 
the  chambers  and  also  permitted  the  necessary  access  to  them. 

Fig.  107  shows  a  shoring  bent  during  a  jacking  operation.  To 
raise  the  track  stringers,  only  25-ton  ratchet  jacks  were  used,  one 
under  the  end  of  each  i)air  of  stringers.  Where  the  entire  structure 
was  raised,  GO  and  100-ton  hydraulic  jacks  were  used. 

With  the  structure  was  raised  a  signal  tower  and  the  southerly 
half  of  the  platforms  of  the  existing  station  at  127th  Street.  The 
track  stringers  in  front  of  the  remainder  of  the  platforms  were  raised, 
and,  in  order  to  retain  them  in  service,  narrow  platforms  were  built 
on  top  of  the  existing  ones  with  steps  leading  down  to  the  old  level. 

After  the  structure  was  raised  to  its  proper  elevation,  new  columns 
were  placed  where  the  cross-girders  had  been  raised.  The  old  columns 
v/ere  removed,  and  the  new  ones  were  placed  by  tackle  attached  to 
the  structure  girders.  At  the  same  time,  the  ends  of  the  track  stringers 
which  had  been  raised  w^ere  remodeled  to  rest  on  the  cross-girders  at 
their  new  elevation. 

The  next  operation  was  the  erection  of  the  new  station  at  125th 
Street  and  the  construction  of  the  new  connections  to  the  Harlem 
River  Bridge.  Plate  LII  shows  the  different  stages  of  this  work.  First,, 
the  north-bound  traffic  was  turned  into  the  center  track  south  of  the- 
new  station  and  returned  to  the  existing  north-bound  track  at  a  point 
just  north  of  the  new  platforms,  so  as  to  serve  the  platform  at  the 
existing  station  at  127th  Street.  The  deck  of  the  abandoned  track  was 
then  stripped,  and  the  track  stringers  were  moved  sidewise  to  their 
new  location,  except  across  125th  Street,  where  the  existing  girders  were 
removed  and  replaced  with  new  through  bridge  girders.  Three  of  these 
girders  were  placed  to  carry  the  cast  platform  and  the  new  north-bound 
track.  The  girders  were  erected  with  two  gin-poles,  one  at  each  end 
of  the  girder.  The  track  was  then  laid,  and  connection  was  made  so 
that  traffic  could  run  over  the  new  north-bound  track.  The  south- 
bound traffic  was  then  run  over  the  center  track,  and  the  structure 
changes  on  the  west  side  of  the  new  125th  Street  Station  were  made. 
When  completed,  the  south-bound  traffic  was  turned  from  the  center 
track  to  the  new  south-bound  track.  Work,  which  during  this  period 
had  been  in  progress  on  the  two  new  island  platforms,  continued,  and 
the  erection  of  the  mezzanine  station  was  started.  When  sufficiently 
completed,  and  connected  to  the  street,  the  cast  platform  was  placed 
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in  service  for  both  north  and  south-bound  traffic,  the  center  track  again 
being-  used  for  south-bound  traffic  past  the  platform,  and  the  existing 
station  at  127th  Street  was  abandoned  and  i-emoved. 

The  outside  tracks  north  of  the  new  125th  Street  Station  were  then 
moved  to  their  new  i:)ermanent  position,  the  north-bound  inider  traffic. 
The  moving  of  the  track  stringers  was  done  in  all  cases  by  sliding 
them  on  the  top  of  the  cross-girders,  the  work  being  done  with  25-ton 
jacks. 

The  upper-deck  structure  Avas  erected  with  a  traveler,  which  was  set 
up  at  the  bottom  of  the  incline  just  north  of  the  new  platforms  of 
the  station  at  125th  Street.  This  traveler  erected  all  the  steel  for  the 
upper  deck  as  far  as  the  junction  with  the  Harlem  River  Bridge. 
Fig.  109  shows  this  work  in  progress.  In  the  first  two  spans,  old  center- 
track  stringers  were  used,  with  the  ends  remodeled;  the  remainder 
of  the  track  stringers  are  new  plate  girders. 

Steel  Erection. — Section  No.  5-C. — This  section  comprised  the  new 
Harlem  River  Bridge.  On  account  of  the  necessity  of  maintaining 
traffic,  the  erection  of  the  new  bridge  had  to  be  carried  out  in  such 
a  manner  that  traffic  over  the  existing  bridge  would  not  be  interrupted, 
and  it  was  decided,  therefore,  to  build  a  new  bridge  on  a  pile  platform 
at  a  convenient  point  in  the  river,  so  that,  when  the  erection  was 
completed,  it  could  l)e  floated  into  position.  The  first  question  to  be 
settled,  therefore,  was  the  site  for  erecting  the  bridge.  The  Company 
owns  a  yard  with  a  dock  front  adjacent  to  and  south  of  the  bridge, 
on  the  Manhattan  side  of  the  Harlem  River.  This  dock  front  would 
have  been  a  convenient  location  for  building  the  bridge,  but  would 
have  interfered  with  the  use  of  the  yard,  and  was  also  objected  to  by 
the  War  Department,  on  account  of  encroachment  on  the  river.  Just 
south  of  this  yard,  which  was  bounded  on  the  south  side  by  128th 
Street,  there  was  another  dock  front,  set  back  of  the  United  States  bulk- 
head line.  This,  as  well  as  the  yard  adjacent  to  it,  was  leased  by  the 
Company,  and  after  obtaining  the  approval  of  the  War  Department,  the 
space  between  the  United  States  bulkhead  line  and  this  dock  front 
was  determined  on  as  the  site  for  the  erection  of  the  bridge.  Fig.  Ill 
shows  the  property  leased  and  the  location  of  the  pile  platform. 

The  bridge  was  built  on  a  timber  platform  supix)rted  on  piles. 
The    platform   was    arranged   so    that   the   two    shore   spans   could   be 
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Fig.   109. — Secoxd  Avenue  Line.  North  of  125th  Street. 


Fig.    11(1. — TKMi'oii.Aiiv  Pile  Pi.atkorm  fou  Ei!i:ction  of  Bridge  Spans. 
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FIKST  STAGfB.  Jactup  LonerttnfWral  GTirdera  and  Track  to  Perroanenf  New 
Grade  of  Local  TracUs.irom  BeDtSTOlo'BenfiW)!;  aletr.  Owsa-Glrdaw  from 
Bent  8317  to  fiOfr.  JacifQp»Plalfbnifi9  with,  StrnctnEefcoiaBeDtSBfl  Sooth.  Con- 
etrnciTN&Frow  TempoEapy  Platforms  on.  Old  PlatfociDB.fe  the  Hew  Grade  of 
Tracks- from  Bent_8B(J  North.  Erect  Jlew  Street  Colamna Jcom  Bent  877  tb  804 
and  Sidewalk  Columns  for  New  Station  at,  126th  St-,  and  lengthen  ont  Cro««- 
Girders  for  Station.  Mak&'AlteratioDa  in  Old  Longitudinal  Girders  from  Bent^ 
S70  to  Bent  876.  , 

Remove  Platform  irom  128th  Si.  to  Harlem  River  Bridge.  Constmot  New 
Fonndafionfl  at  Harlem  River.  Make  all  oeceeKary  AJteratione  in  OldStmctore 
to  this  point^^This  work  may  overlap  next-Three  S'tageB. 

SECOND  ST.\GE.  Put  ia  Cross-Overs  South  of  I2M  Slreef,  as  shffwn.-Xnni, 
North-Bound  Traffic  on  to  Center  Track  from  124th^ Street  to  *126th  Siceet.* 
Remove  Old  North-Bonnd  Track  over  this^StcetJib.  Move  Old  Nbrth-Boond, 
longitudinal  Oirdera  into  new  locations 'from  Bent  878  to  888.  Erect  New 
Longitudinal  Girders  for  East  side  from  877  to  880.  Erect  East  Platfdrm 
Girders  and  Build  East  Platform  of  125th  Street  Station.  Bnild  East  half  of 
Station,  Xay  NawNortE-Bound  Track  up  to  and  including  Swrtch,  South  of ' 
'I26th_Street. 

THIRD  STAGE.  Pot  in  CcosB-Over  South  of  12«h  Street,  as  ehowB.  Con- 
nect up  Old  and  New  North-Bound  Track  at  12eth  Street.  Torn  Sooth-Bound 
Traffic  on  to  Center^  Track  form  126th  Street  to  12ith  Street.  Turn  North- 
Bound  Traffic  on  to  New  East  Track.  Repeat  ogerations  ol2d  Stage  foe  Westi 
Track,  and  West  side  of  Structure. 

Remove  Switch  at  I26th  Street.  Connect  up  old  Sont"h-Bound  with  New  South- 
Bound  at  this  point.  Turn  Traffic  over  this  route.  Rem  ova  Old  Longitudinal 
Girdera  for  Center  Track  at  125tK Street  Span.^Erect  N«w, Floor-Beam 8  and 
Stringers  ofCouteiLTrack  a nd. complete  Station • 

FOURTH  STAGE.  Move  to  New  Station.  Turn  South-Bound  TrafKc  onto 
Center  Track  past  Old  Station  and  past  New  Station.  Tear  ont  Old  Station 
and  Platforms.  Erect  New  Longitudinal  Girders  for  West  side  from  Benb 
890  to  Bent  90*.  Move  out  Old  Longitudinal  Girders  with  track_from  Bent  891 
to  902  and  make  new  Cotmections  with.  West  Yard. 


FIFTH  STAGE.  Turn  South-Bound  Traffic  on  to  New  Soutli-Bound  Track. 
Erect  New  Longitudinal  Girders  for  East' side  from  BenI  890  to  Bent  902. 
Move  out  Old  Longitudinal  Girders  with  Track  from  Bent  89ito  Bent  900_Tnra 
North-Bound  Traffic  on  to  Center  Truck.  Make  temporary  Crosa-Over  be- 
and  West  Tracks  at  127th  Street.  Ron  oil  Bronx^Traffic  over. 
Single  EastTrack  Northof  12Rlh  Street.  Remove  Old  Center  Track,  from  127th 
Street  around  Carve.  Lay  New' North  and  SouthrBound-Broax^Tracka  for 
Lower  Deck,  ae^far  as  possible. 

SIXTH  STAGE.  Complete  New  East  Track  between  127th  Street  and  Harlem 
Riv,er  Bridge.  Turn  North-Bound  Traffic  on  to  EastTrack.  Remove^Center 
Track  from  126th  Street-  to  127tTi  Street  ^Connect  South-Bound  Track  with. 
Sooth-Bound  over  Harlem  River  Bridge.  CompletANorth-BoundXocal  Track 
from  127th  Street  North.  Make  Connection  with  and'comglete  changes  in  East 
Yard.  Erect  and  complete  Upper  Deck  Stractur.e. 


CONVENTIONAL  SIGNS: 
OdginalkTracke  shown  by  double  fine  lines. 
Kinal  'fiDackg^ChnveedeA  shown  by  heavy  full  lines. 
Final  Tracks  (upper.fleck)  shown  by  heavy  dash  lines. 
Tempoi;ary.TrackB  shownjay  batched  double  fino^lim 
QriginaLStatioaPlatftu^Bshownby  fine  line  outlines. 
Final  Station  Platfonna  shown  by  heavy  line  onllineB. 
Temporary  Slatioi^Pktforms  6ho.wa.by  hatched  outlines. 
■  Arrow*  fcliaw  (Hrection  o^  irafficmov^ment. 


DIA&RAM  OF  PROGRESS  GFt'ERECTiaSi 
SECOND  AVENUE    LINE 
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erected  at  the  same  time,  and  so  that  the  swing  span  could  be  erected 
on  the  same  platform  after  the  shore  spans  had  been  removed. 

Plate  LIU  shows  the  details  of  the  platforms.  The  piles  on  which 
the  platform  was  supported  were  driven  to  solid  bottom  and  cut  off 
and  capped  4  ft.  6  in.  above  mean  high  water.  The  piles  were  braced 
with  timbers  between  the  top  and  low-water  level,  and,  below  this, 
additional  cross-bracing  was  provided  by  wire  cables  looped  around  the 
pile  at  the  one  side  of  the  bent  and  brought  up  diagonally  and  tied 
to  the  pile  at  the  other  side  at  low-water  level. 

The  piles  were  arranged  so  that  spaces  were  left  between  the  bents 
wide  enough  to  permit  the  passage  of  the  barges  which,  when  the 
erection  was  completed,  were  to  float  the  bridge  spans  off  the  pile 
platform.  On  the  top  of  the  pile  caps  was  erected  a  braced  timber  con- 
struction supporting  24-in.  I-beams,  which  formed  the  deck,  on  which 
the  bridge  spans  were  erected.  Plate  LIU  shows,  in  full  lines,  the 
position  of  the  center  span  of  the  bridge  on  the  platform,  and,  in 
dotted  lines,  the  two  end  spans  which  were  erected  simultaneously. 
The  south  span  was  erected  at  the  north  (left)  end  of  the  platform.  On 
account  of  the  trusses  of  this  span  not  being  parallel,  one  end  of  the 
span  was  heavier  than  the  other;  this  span,  therefore,  was  not  placed 
symmetrically  on  the  platform,  but  in  such  a  manner  that  the  load  of 
the  span,  when  placed  on  the  two  barges  which  supported  it  when 
floated  off  the  platform,  would  be  distributed  uniformly  on  the  two 
barges. 

The  platform  was  arranged  so  that  the  bridge  was  erected  at  an 
elevation  2  ft.  higher  than  that  which  it  would  occupy  when  supported 
on  the  bridge  piers,  in  order  to  insure  sufiicient  head-room  when  the 
bridge  was  floated  in. 

When  the  platform  was  completed,  the  erection  of  the  steelwork 
for  the  north  and  south  spans  was  commenced.  This  was  done  with 
a  derrick-boat,  the  pile  platform  being  about  40  ft.  from  the  river 
bulkhead,  so  that  the  derrick-boat  could  erect  the  steel  from  either  side 
of  the  platform.  Fig.  110  shows  the  platform,  with  the  two  end  spans 
nearly  completed;  the  derrick -boat  is  also  shown.  Immediately  after 
the  steel  erection  was  completed,  the  placing  of  the  track  structure 
was  commenced.  The  connections  of  the  existing  tracks  of  the 
Second  and  Third  Avenue  Lines  extended  over  the  south  shore  spans, 
as  shown  by  Pig.  112,  which  is  a  view  of  the  old  Harlem  River  Bridge. 
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Fig.   112. — South  Approach  to  Harlem  River  Bridge. 


Pig.   113. — Scows  with  Ti.muki:  Tkcssks  for  Sitporting  Xfw  Bmnc.K 
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PILE  PLATFORM 

FOR  THE  ERECTION 

OF  THE 

HARLEM  RfVER  BRIDGE 


CROSS-SECTIONS  LOOKING  NORTH 
Floor-Beams  &  Stringers  shown 
for  Draw-spau  excootcd. 
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It  -was  necessary  tliat  the  alignment  of  the  track  laid  on  the  new  span 
should  be  an  exact  duplicate  of  that  of  the  track  existing  on  the  old 
span,  in  order  to  avoid  delays  to  the  traffic  after  the  old  span  had  been 
replaced  by  the  new.  The  existing  track  lay-out  therefore,  was  sur- 
veyed carefully  and  reproduced  on  the  new  bridge  span,  and  it  may 
1)0  stated  that  the  new  track  matched  exactly  when  the  new  bridge 
was  placed. 

At  the  same  time,  the  scows,  which  were  to  float  the  new  spans  in 
place,  were  being  made  ready.  These  scows  were  95  ft.  long  over  all; 
their  length  at  the  water  line,  unloaded,  was  80  ft.;  their  height  above 
water,  unloaded,  was  6  ft.,  and  their  width  was  29  ft.  The  scows 
were  decked  and  well-braced,  so  that  no  additional  bracing  was  neces- 
sary. On  the  deck  of  each  scow  was  erected  four  timber  trusses  for 
the  support  of  the  bridge,  as  shown  by  Fig.  113. 

The  ranges  of  the  tide  in  the  Harlem  Eiver  at  the  Harlem  River 
Bridge  are  very  irregular,  and  do  not  always  correspond  to  those  pre- 
dicted. The  tide  at  this  point  is  affected  by  tides  in  both  the  North 
and  East  Rivers.  The  rising  tide  produces,  what  might  be  contrary 
to  expectations,  a  southerly  current,  and  the  falling  tide  a  northerly 
current  in  the  river.  The  height  of  the  tides,  also,  is  affected 
considerably  by  the  weather  conditions.  It  was  deemed  advisable, 
therefore,  to  provide  other  means,  in  addition  to  the  tide,  to  accom- 
plish the  lowering  of  the  bridge  spans  to  the  pier,  so  that  unforeseen 
tidal  conditions  should  not  prevent  placing  them  at  the  desired  time 
and  thereby  interrupt  seriously  the  traffic  across  the  bridge.  The 
apparatus  used  was  sand- jacks,  the  details  of  which  are  shown  by 
Fig.  114.  Each  sand-jack  consisted  of  a  box,  made  of  6  by  8-in.  timber, 
framed  and  tied  together  with  bolts,  and  a  plunger  consisting  of 
nine  pieces  of  12  by  12-iii.  timber.  The  box  was  originally  5  ft.  high, 
but  had  a  bottom  sloping  to  the  center,  which  reduced  the  effective 
height  to  4  ft.  The  box  was  3  ft.  3  in.  square  inside.  In  the  center 
of  the  bottom  of  the  box  there  was  a  hole,  4  in.  in  diameter  that  could  be 
closed  by  a  gate  consisting  of  a  6  by  f-in.  steel  bar,  fastened  at  one 
end  to  the  under  side  of  the  box  in  such  a  manner  that  by  moving 
tlie  otlier  end  of  the  bar  sidewise,  the  opening  could  be  closed  or 
opened  as  desired.  Six  of  these  boxes  were  set  on  top  of  the  timber 
trusses  on  each  scow  and  bolted  securely  to  the  framework  of  the 
trusses.     To  the  24-in.  I-beams,  supporting  the  bridge  spans  on  the 
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timber  platform,  were  bolted  plungers,  as  shown  by  Fig.  115,  in  such 
positions  that  they  would  fit  accurately  over  the  boxes  on  the  scows, 
when  the  latter  were  in  their  proper  places,  ready  to  lift  the  bridge 
spans  off  the  platform.  The  plungers  consisted  of  nine  pieces  of 
12  by  12-in.  timber,  set  on  end,  and  bolted  together  so  that  their 
outside  dimensions  were  3  ft.,  leaving  a  clearance  of  li  in.  all  around 
between  tlu>  pluii^'ers  and  the  boxes.  The  method  of  using  the  sand- 
jacks  w-as  to  fill  the  boxes  to  the  top  with  fine  dry  sand  and  let  the 
plungers,  which  carried  the  bridge  spans,  be  supported  on  top  of  the 
sand.  When  it  was  desired  to  lower  the  bridge,  the  gates  at  the 
bottom  of  the  sand  boxes  were  opened,  and  the  sand  flowed  out,  letting 
the  plungers  descend  gradually  in  the  boxes,  and  with  them  the  bridge. 

The  south  span  of  the  bridge  was  first  made  ready  to  be  moved. 
The  time  for  the  replacement  was  determined  in  conjunction  with 
the  Company's  Traffic  Department,  which  desired  this  to  be  the 
night  between  a  Saturday  and  a  Sunday,  after  the  hour  of 
1  A.  M.,  at  which  time  the  traffic  over  the  bridge  was  lightest. 
As  the  rising  tide  was  to  be  used  for  removing  the  old  span,  it  was 
necessary  to  select  a  night  when  high  tide  occurred  an  hour  or  two 
after  1  p.  u.  After  consulting  the  tide  tables,  Sunday  morning, 
February  20th,  1915,  was  selected  as  the  time  for  replacing  the 
south  span.  As  it  was  not  deemed  advisable  to  keep  the  span  floating, 
on  the  scows  longer  than  necessary,  on  account  of  the  possible  danger 
of  scows  leaking  ajid  settling,  or  even  sinking,  it  was  decided  to  float; 
the  bridge  span  off  the  platform  on  the  tide  immediately  preceding 
the  one  on  which  the  span  was  to  be  set  in  place.  This  made  the 
time  for  floating  oif  the  span,  Saturday,  February  19th,  in  the 
afternoon. 

At  8  A.  M.  on  this  date,  the  two  scows  which  were  to  carry  the 
span  were  brought  into  their  proper  place,  as  shown  by  Fig.  115. 
The  floating  weight  of  the  south  span  was  380  tons,  which  would 
give  the  scows  a  displacement  of  2  ft.  8  in.  It  happened  at  this  time 
that  the  tide  did  not  rise  more  than  3  ft.,  and  as  about  4  in.  was  lost 
before  the  plungers  got  proper  bearing  on  the  sand,  the  scows  failed 
to  float  the  bridge  clear  of  the  platform.  The  replacing  was  post- 
poned for  24  hours,  which  was  satisfactory  to  the  Traffic  Department, 
as  February  22d  was  a  holiday,  and  the  traffic,  therefore,  light,  and 
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the    time    of   hisi-li    water    would    not    ehang-e    appreciably    during    the 
?4  hours. 

The  scows,  which  had  been  removed  from  under  the  bridge  span 
to  avoid  the  danger  of  luiexpectedly  floating  the  bridge  during  the 
intervening  high  tide,  were  again  placed  in  position  on  Sunday  morn- 
ing, February  21st.  As  a  steady  west  wind  had  produced  exceptional 
low  ranges  of  tide,  the  sand  boxes  were  increased  12  in.  in  height,  and 
jacks  were  used  between  the  bridge  span  and  the  scows  to  produce 
an  initial  displacement  of  the  scows  of  8  in.  at  low  tide.  The  south 
span  was  floated  successfully  at  this  time,  2  hours  before  high  tide, 
with  9  in.  of  tide  to  spare,  although  the  range  of  tide  was  only  2  ft. 
11  in.  When  the  span  was  clear  of  the  platform,  the  base  of  rail  was 
36  ft.  7  in.  above  the  water  level  at  the  south  end  of  the  span,  and 
o5  ft.  10  in.  at  the  north  end.  The  displacement  of  the  scow  at  the 
south  end  was  2  ft.  6  in.  and  at  the  north  end  2  ft.  10  in. 

As  the  scows  gradually  cleared  the  platform,  they  were  braced 
together  by  timbers  cut  in  advance  for  this  purpose,  so  as  to  insure  the 
scows  remaining  in  their  relative  position  during  the  towing.  The 
bridge  was  towed  to  the  Company's  dock  and  was  tied  up  there  to 
await  the  next  tide,  when  it  was  to  be  placed. 

In  the  mean  time  two  other  scows  had  been  provided  with  timber 
trusses  similar  to  those  on  the  scows  carrying  the  new  bridge  span. 
and,  at  10  p.  m.,  when  the  next  low  tide  occurred,  they  were  towed 
to  and  placed  under  the  old  south  bridge  span.  Blocking  was  placed 
between  the  timber  trusses  and  the  under  side  of  the  old  bridge,  and 
at  1.30  A.  M.,  the  blocking  was  permitted  to  bear.  The  last  train  passed 
over  the  bridge  at  1.58  A.  u.,  and  all  the  rail  connections  between  the 
bridge  span  and  the  structure  on  the  shore  were  removed  by  2.07  A.  m. 
At  the  same  time,  the  swing  span  was  opened  so  as  not  to  interfere 
with  the  work. 

At  3.30  A.  M.,  the  old  span  was  clear  of  the  supporting  piers,  excei:)t 
at  the  northeast  corner,  and  as  the  tide  was  approaching  its  highest 
level,  the  derrick-boat,  which  had  been  used  for  erecting  the  bridge, 
was  used  to  assist  the  tide  in  getting  the  span  clear  of  the  piers  at 
this  point.  The  old  span  floated  clear  at  3.58  A.  M.  on  top  of  the  tide, 
and  was  towed  to  the  north  and  afterward  returned  through  the  open 
swing  span  to  the  Company's  dock. 


I'apois.l       MAMlvriAV    KLKVATKl)    HAFLWAY    I M  I'KOV  KM  KNTS  2185 


■S^:?S^-fe-^!^ 


Fig.  115. — Sand  Jacks. 


Pig.   116. — Harlem  River  Bridge  During  the  Changing  of  the  Swing  Span. 
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Immediately  thereafter,  the  new  hridse  seats  and  expansion  rollers 
were  set  on  the  piers  by  small  derricks,  and  the  new  span  was  floated 
into  position  by  4.30  a.  m.,  3  ft.  G  in.  above  its  proper  elevation.  The 
tufrboats  maneuvered  the  bridge  very  closely  to  its  proper  location,  and 
it  was  then  secured  to  the  piers  by  two  crossed  sets  of  blocks  and  falls 
at  each  cikI  and  by  steamboat  ratchets  to  control  longitudinal  move- 
ments. 

The  tide  was  now  falling,  and  the  settling  of  the  bridge  was  assisted 
by  letting  sand  flow  out  of  the  sand-jacks.  The  position  of  the  bridge 
span  was  kept  in  continuous  adjustment,  and  a  careful  final  adjustment 
was  made  immediately  before  the  bridge  was  about  to  bear  on  its 
seats,  by  inserting  a  bar  between  the  ropes  of  the  falls  and  twisting 
the  ropes  until  the  bridge  was  accurately  centered. 

The  new  south  span  was  brought  to  a  bearing  at  G.IO  a.  m.  The 
track  connections  were  then  made,  and  the  swing  span  closed,  and 
at  6.56  A.  M.,  4  hours  and  58  min.  after  traffic  had  been  suspended,  the 
first  train  passed  over  the  new  bridge.  The  tide  continued  to  fall,  and 
at  7.40  A.  M.,  the  scows  cleared  the  bridge  and  were  towed  away,  taking 
all  the  falsework  with  them. 

The  next  favorable  tide  for  setting  a  bridge  span  occurred  on  Sun- 
day morning,  March  6th,  1915.  The  day  before  the  new  north  span 
had  been  floated  off  the  platform,  the  range  of  tide  was  nearly  twice  as 
great  as  when  the  south  span  was  floated.  The  weather  at  this  time 
was  very  unfavorable.  A  heavy  northeast  snowstorm,  with  high  winds, 
commenced  on  Saturday  morning  and  continued  throughout  the  day 
and  the  following  night,  while  the  bridge  was  being  placed.  It  had 
been  arranged  that  traffic  should  be  suspended  at  1  a.  m.,  and  the 
scows  which  were  to  remove  the  old  north  span  were  brought  to  a 
bearing  under  the  bridge  some  time  prior  to  this.  On  accoimt  of  the 
northeast  wind,  however,  the  tide  rose  with  great  rapidity  and  was 
so  high  that  traffic  had  to  be  suspended  at  12.44  a.  m.  The  track 
connections  were  immediately  removed,  but  with  some  difficulty,  as 
the  tide  was  already  lifting  the  bridge.  When  clear  of  the  piers,  the 
old  north  span  was  towed  away  to  the  north  and  returned  through 
the  open  swing  span  to  the  Company's  dock. 

The  new  north  span  was  towed  into  position  at  12.35  a.  m.  and 
was  brought  to  a  bearing  on  the  piers  at  4.31  a.  m.  by  using  the  sand- 
jacks,  while  the  tide  was  still  1.0  ft.  above  mean  high  water. 
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The  erection  of  the  new  swing  span  commenced  on  March  10th, 
1915,  and  the  phacing  of  the  new  operating  machinery  was  started  on 
April  5th.  As  described  previously  under  the  heading  "Details  of 
Design",  the  machinery  first  erected  did  not  work  properly,  on 
account  of  the  flexibility  in  the  support  of  the  bearings  of  the 
beveled  gears.  Kew  castings,  with  bearings  for  both  the  gear  wheels 
made  in  the  same  casting,  therefore,  were  designed  and  fabricated, 
and  the  erection  of  the  machinery  was  not  finally  completed  vmtil 
August  15th,  1915. 

In  the  mean  time  the  necessary  preparations  on  the  existing  center 
pier  for  carrying  the  new  swing  span  had  been  in  progress.  As 
stated,  the  new  swing  span  was  center  bearing,  and  the  old 
one  was  drum  bearing.  In  order  to  provide  space  for  the  center  casting, 
it  was  necessary  to  excavate  a  pit  in  the  center  of  the  pier,  8  ft.  in 
diameter  and  4  ft.  3  in.  deep,  directly  under  the  center  pivot  of  the 
old  swing  span.  A  frame  of  I-beams,  therefore,  was  placed  on  top 
of  the  pier  to  support  the  pivot,  and  was  held  in  position  securely  by 
timber  struts  wedged  in  between  the  steel  frame  and  recesses  in  the 
pier  made  for  the  purpose.  The  excavation  was  then  started,  by 
what  amounted  to  sinking  a  shaft  into  the  pier  outside  of  the  center 
pivot,  and,  from  that,  the  pit  for  the  new  center  casting  was  tunneled 
out.  The  work  was  greatly  hampered  by  lack  of  head-room,  having 
to  be  done,  until  sufficient  depth  had  been  reached,  while  lying  on 
top  of  the  pier.  When  the  excavation  was  completed  the  bottom  of 
the  pit  was  made  level  with  a  granolithic  finish,  and  a  beveled  ring  with 
an  inside  diameter  of  7  ft.  was  set  in  place  and  anchored  securely  to 
the  pier.  In  order  to  insure  a  uniform  bearing,  a  sheet  of  lead,  j^^  in. 
thick,  was  placed  under  the  beveled  ring.  The  purpose  of  this  ring 
was  to  act  as  a  guide  when  the  center  casting  was  to  be  set  in  place, 
which  was  to  be  done  simultaneously  with  the  placing  of  the  swing 
span,  so  that  no  time  should  be  lost  in  instrument  work  while  the 
traffic  was  suspended. 

In  addition  to  this  work,  plates  were  placed  on  the  pier  and  anchored 
and  grouted  to  form  seats  for  the  new  wedge  castings,  and  the  rack 
for  the  new  bridge,  which  was  made  in  twelve  sections,  was  placed  in 
position  and  anchored  inside  of  the  existing  circular  track.  This  track, 
which  had  a  tapered  surface,  was  maintained  temporarily  to  act  as  a 
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track  lor  the  biilancing  wheels  of  the  new  bridge,  l)ut  was  removed 
cfter  the  hitter  liad  been  put  in  phice. 

On  the  rest  iners,  the  existing  granite  cap-stones  were  cut  to  fit 
th(^  new  wedge  and  hitch  castings.  As  the  new  wedge  castings  were 
at  tlie  same  jioints  as  the  existing  castings,  it  was  necessary  to  remove 
these  whik^  tlie  seats  were  being  prepared.  This  was  done  between 
f)  r.  ^r.  and  !t  a.  m.,  during  whieli  time  the  bridge  is  not  oi)ened  for 
river  tralhe. 

Before  the  new  swing  span  was  moved,  the  lower-deck  track  had 
been  laid  complete,  and  a  temporary  switch  machine  had  been  placed 
on  the  new  bridge.  A  new  submarine  cable  was  also  laid  to  the  center 
pier  to  supply  power  for  operating  the  new  swing  bridge. 

The  day  chosen  for  placing  the  swing  span  was  Sunday,  August 
22d,  1915.  At  12.35  p.  m.,  on  August  21st,  the  four  scows  which  were 
to  carry  the  bridge  were  placed  in  position  under  the  new  swing  span 
on  the  platform.  The  plungers  came  to  a  bearing  on  the  sand  in  the 
boxes  at  1.15  p.  h.  At  5.40  p.  :m.,  the  tide  had  lifted  the  bridge  clear 
of  the  platform  2  hours  before  and  2  ft.  below  high  tide.  The 
floating  weight  of  the  swing  span  was  1 100  tons,  and  the  average 
displacement  of  the  four  scows  under  this  load  was  3  ft.  6  in.  Fig. 
117  shows  the  four  scows  taking  the  load  of  the  swing  span  off  the 
platform.  The  base  of  rail,  when  floating,  was  35  ft.  2  in.  above 
water  level.  The  bridge  was  towed  over  to  the  east  side  of  the  river, 
just  south  of  the  Harlem  River  Bridge,  and  was  tied  up  there  until 
the  time  of  placing  it  had  arrived.  On  Sunday  morning,  August  22d, 
low  tide  occurred  at  1.30  a.  m.  The  two  scows  which  were  to  float 
off  the  old  span  on  the  rising  tide  were  placed  under  that  span  and 
were  allowed  to  take  bearing  at  once.  Traffic  across  the  bridge  was 
suspended  at  1.54  a.  m.  At  5.30  a.  m.,  the  old  span  was  lifted  clear  of 
the  piers  and  towed  to  the  south  and  tied  up  at  the  Company's  dock. 
The  old  spider  casting  and  bearing  wheels  were  left  on  the  center  pier 
when  the  old  span  was  removed.  After  cutting  the  spider  in  con- 
venient pieces  to  be  handled,  all  these  parts  Avere  removed  by  a 
derrick-boat,  which  also  set  the  new  center  casting  and  the  center 
pier  wedges.  At  the  same  time,  the  latch  castings  and  the  wedge 
castings  on  the  end  piers  were  set  by  small  derricks  placed  on  the 
upper  deck  of  the  end  spans.     Fig.  IIG  shows  the  derrick  working  at 
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the  center  pier,  and  also  shows  the  old  center  span  removed  to  the 
right  and  the  new  span  waiting  to  be  placed  at  the  left. 

The  new  span  was  floated  into  its  proper  positions  over  the  piers 
at  7.45  A.  M.,  and  was  secured  to  the  end  spans  in  proper  alignment  in 
a  manner  similar  to  that  described  for  the  south  span.  In  addition 
to  this,  6  by  8-in.  timbers  were  bolted  to  the  approach  spaais  and 
acted  as  guides  for  the  end  post  of  the  swing  span.  The  lowering  of 
the  bridge  was  then  commenced  by  the  sand-jacks,  aided  by  the  falling 
tide,  and,  at  10  A.  M.,  the  swing  span  landed  in  its  final  position. 

The  falling  tide  released  the  scows  at  11.30  a.  m.,  and"  at  12.43 
p.  M.,  when  the  track  and  signal  work  was  completed,  the  first  train 
crossed  the  new  span. 

Steel  Erection. — Section  No.  5-D. — This  section  extended  from  the 
Harlem  River  through  the  yard  of  the  New  York,  New  Haven  and 
Hartford  Railroad  and  the  Company's  yard  to  133d  Street.  Steel 
erection  had  been  in  progress  north  of  this  section,  and  the  traveler 
during  this  work  proceeded  directly  from  the  north  to  this  section  at 
133d  Street.  In  order  to  place  the  new  structure  across  133d  Street, 
the  structure  had  to  be  shored  as  some  of  the  supporting  columns  were 
moved.  Generally  speaking,  one  of  the  two  columns  which  supported 
the  structure  carrying  one  of  the  tracks  was  removed,  and  the  struc- 
ture was  supported  temporarily  by  an  A-frame,  as  shown  by  Fig.  118, 
braced  diagonally  to  the  remaining  column.  South  of  133d  Street 
the  tracks  were  carried  directly  above  a  machine  shop  in  the  Com- 
pany's yard.  In  order  to  place  the  supporting  columns,  which  went 
through  the  roof  and  the  floor  of  the  shop,  and  were  supported  on  foun- 
dations below  the  shop  floor,  the  roof  was  entirely  removed.  After 
the  structure  was  erected,  the  roof  was  replaced. 

The  traveler  proceeded  through  the  Company's  yard  and  the  freight 
yard  of  the  New  York,  New  Haven  and  Hartford  Railroad,  the  steel 
being  furnished  on  flat  cars  operating  on  the  existing  tracks  of  the 
elevated  structure. 

Steel  Erection. — Section  No.  6- A. — Prior  to  erecting  the  new  steel- 
work in  this  section,  which  comprises  the  Third  Avenue  Elevated 
Line,  from  133d  to  147th  Streets,  through  the  Company's  private  right 
of  way,  the  existing  structure  had  to  be  moved  to  make  room  for  the 
new  one.  The  existing  tracks  through  the  right  of  way  were  supported 
on  brick  piers  with  granite  cap-stones.  New  concrete  piers  were  built 
to  support  the  south-bound  track  at  its  new  location.  The  north-bound 
track,  including  the  track  stringers,  was  shifted  0  in.  to  the  east.     The 
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work  was  done  by  snpiJortiii^'  tlio  track  striiif^ors  on  wooden  bents 
placed  close  to  the  piers,  one  on  each  side  of  the  pier.  Tlie  bents 
consisted  of  two  12  by  12-in.  posts,  with  ca]),  sill,  and  bracing,  and 
with  the  sill  bearing-  on  the  foundation  of  the  pier.  On  top  of  the 
bents  were  placed  steel  plates  on  which  the  girders  were  to  slide.  The 
stringers  and  the  granite  cap-stones,  to  which  the  stringers  were  bolted, 
were  jacked  up  about  1  in.,  and  the  shoring  bents  were  then  wedged 
up  so  as  to  make  the  striiiticrs  bear  on  the  bents.     The  shifting  of  the 


SHORING  OF  STRUCTURE 

THROUGH  YARD  OF 

N.Y.,N.H.  &   H.R.R. 


^>U    " 


Bents  52B-52C  &  53C-3  pes. 
SECTION  B-B 


Fig.  118. 
stringers  was  done  with  steamboat  ratchets,  as  will  be  described  later. 
When  the  girders  were  moved  to  their  proper  location,  they  were  low- 
ered with  the  cap-stone  to  the  new  location  on  the  pier,  and  a  new 
brick  extension,  supported  on  the  base  of  the  pier,  was  added  to  sup- 
port the  overhang  of  the  latter.  The  extent  of  the  move  of  the  north- 
bound track  was  about  750  ft.  between  138th  and  141st  Streets. 

The  move  of  the  south-bound  track  was  considerably  more  extensive, 
both  in  length  and  distance.  The  track  was  moved  between  133d  and 
144th  Streets,  a  distance  of  2  760  ft.,  and  the  sidewise  movement  was 
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Irom  12  to  13  ft.  The  track  stringers  were  shifted  from  their  exist- 
ing piers  to  the  new  piers,  which  were  built  in  advance  of  this  work, 
by  sliding  them  over  a  track,  as  shown  by  Fig.  119.  Between  the  piers, 
and  on  top  of  the  new  pier,  the  track  consisted  of  rails,  supported  on 
the  pier  on  6  by  8-in.  ties  and  between  the  piers  on  timber  bents  or 
blocking,  as  shown.  On  the  old  piers,  plates  |  in.  thick  were  inserted 
between  the  stringers  and  the  top  of  the  piers,  on  which  the  stringers 
were  to  slide  during  their  moving.  The  apparatus  used  for  shifting 
the  stringers  was  steamboat  ratchets,  hooked  to  the  bottom  flange  of 
the  far  stringers  at  one  end  and  tied  around  the  new  pier  at  the  other 
end,  as  shown  by  Fig.  120. 

At  the  street  crossings,  where,  the  existing  structure  rested  on 
steel  bents,  the  structure  was  supported  for  moving,  as  shown  in  the 
lower  part  of  Plate  L.  On  top  of  the  shoring  girders  (4  ft.  deep) 
vv'hich  had  been  used  for  the  foundation  work,  was  placed  a  four-post 
framed  timber  tower  supporting  the  stringers  to  be  moved.  The  exist- 
ing columns  and  cross-girders  which  were  connected  to  the  stringers, 
were  moved  with  the  stringers,  and  a  trench  was  dug  in  the  street  so 
that  the  base  of  the  columns  could  move  without  obstruction.  The 
shoring  frame  was  provided  with  shoes  of  steel  plates  to  slide  on  top 
of  the  shoring  girders.  Steamboat  ratchets,  connected  to  the  stringers 
and  the  shoring,  as  shown  by  Fig.  121,  were  also  used  for  moving 
these  bents.  The  moving  was  started  at  the  north  end,  where  there 
is  a  curve  in  the  track.  About  sixteen  sets  of  ratchets  (two  for  each 
pier  or  bent)  were  used.  These  ratchets  were  placed  on  sixteen  con- 
secutive piers.  Four  sets  at  a  time  were  worked  for  a  move  of  3  in., 
then  the  next  four,  and  so  on,  until  the  track  had  been  moved  3  in. 
at  all  sixteen  piers.  Then  anotlier  move  was  made  at  all  piers,  except 
the  end  pier,  then  another,  leaving  the  track  at  the  two  end  piers  un- 
moved, and  so  on  until  the  track  had  been  moved  a  distance  varying 
from  3  in.  at  one  end  to  4  ft.  at  the  other,  which  was  in  the  curve  at  the 
north  end  of  the  entire  section,  where  the  move  was  taken  care  of  by 
making  the  curve  sharper.  After  this  initial  move  had  been  made,  the 
last  ratchet  was  moved  to  the  pier  ahead  of  the  first,  and  the  section 
in  hand  was  moved  another  3  in.,  then  another  ratchet  was  moved, 
and  another  3-in.  move  was  made,  and  so  on  until  the  entire  track 
was  moved  4  ft.,  except  at  the  southerly  sixteen  piers,  where  the  length 
of  the  move  varied  down  to  3  in. 
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Then,  two  more  4-ft.  moves  were  made  in  the  north  end,  in  a  sim- 
ilar manner,  bringing  the  track  in  final  position  past  the  143d  Street 
Station,  from  which  point  the  length  of  the  move  varied  down  to  3  in. 
at  13Sth  Street,  where  tlie  work  had  to  be  interrupted,  waiting  for 
the  completion  of  the  foundations.  When  these  were  completed,  the 
track  sliifting  was  resiimed,  and  the  remaining  part  was  finished  in 
the  same  manner.  The  rate  of  progress  was  about  4  ft.  for  a  length 
of  900  ft.  per  day. 

On  the  portion  of  the  line  on  Avhich  the  south-bound  track  was 
moved,  there  were  three  stations  with  island  platforms.  To  maintain 
the  service  of  these  stations  while  the  track  was  being  moved,  it  was 
ixccessary  to  widen  the  platforms  to  conform  to  the  location  of  the 
track  at  each  stage  of  the  shifting.  Extension  platforms  were  provided, 
therefore,  in  the  following  manner.  Between  the  wooden  joists  of 
the  platform  were  placed  loose  additional  joists  resting  on  top  of  the 
platform  stringers.  At  the  end,  where  the  platform  was  to  be  extended, 
these  joists  were  connected  to  uprights  supported  on  the  track  ties. 
This  work  could  be  done  without  interfering  with  the  trains.  As  the 
track  structure  was  moved  away  from  the  platforms,  the  joists  were 
pulled  out  with  the  ties  and  planked  over  immediately. 

The  length  of  the  track  in  its  new  position  was  more  than  1  ft. 
less  than  in  its  original  position.  It  was  necessary,  therefore,  to  offset 
the  ends  of  the  track  stringers  in  two  adjacent  spans  at  a  number 
of  places,  so  as  to  permit  the  girders  to  slide  past  each  other.  To  take 
up  the  shortening  of  the  rails,  two  expansion  rail  joints  were  intro- 
duced in  the -track. 

The  steel  for  the  new  structure  was  erected  with  a  traveler,  starting 
at  the  north  end  of  the  section.  The  material  was  usually  trucked  to 
the  intersecting  streets,  where  it  was  unloaded  and  moved  on  rollers 
into  the  right  of  way,  where  the  traveler  picked  it  up. 

8teel  Erection. — Section  No.  6-C. — The  erection  work  on  this  sec- 
tion, which  included  the  Third  Avenue  Line  from  147th  Street  to 
Fordham  Road,  comprised  generally  the  replacement  of  existing 
columns  with  new  ones,  the  erection  of  center-track  stringers,  and  the 
remodeling  of  the  structure  at  the  stations. 

Altogether,  699  columns  were  replaced  on  this  section.  While  the 
work  was  being  done,  the  cross-girders  were  shored,  as  shown  by  Fig. 
122.    Prior  to  placing  the  shoring,  the  rivets  connecting  the  cohnnns  to 


I'aiRTs.J       MANHATTAN'    lOI.IA' ATKI)    1!A1I,WAV    I M  I'UO  VEMENTS  2197 


Fig.   120. — ^SiiiFTiNG  Apparatits  on  Pier  75. 


Fig.    121. — Shifting  Apparatus  ox  Bent  7; 
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tlu'  cross-girder  were  cut  init,  and  now  stiffeucrs  were  iirovidcd  on 
tlic  cros8-p:irdor.  The  shoring  was  then  phiced,  and  the  cross-girder 
was  jacked  up  sufficiently  to  transfer  the  load  to  the  shoring  and  to 
get  room  to  rcmoxi^  the  old  cdluinn  and  place  the  new  one. 

SHORING   OF  CROSS-GIRDERS 


SIDE  VIZ7V  AT  TYPICAL  CROSS-GIRDER  END  VIEW  OF  BENT 

F"]G.    122. 

In  conjunction  with  the  placing  of  the  new  columns,  the  work  of 
raising  the  entire  structure  was  carried  out  at  stations,  where  the 
new  arrangement  provided  a  mezzanine  station  below  the  track  struc- 
ture. Generally,  the  head-room  under  the  structure  was  not  sufficient 
for  the  mezzanine,  and,  in  some  cases,  the  structure  had  to  be  raised 
lit  in.  The  work  was  done  by  first  placing  the  shoring  previously 
described  for  replacing  the  columns  under  all  the  cross-girders  to  be 
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raised  at  a  station;  then  the  rivets  in  the  end-connection  angles  of  the 
track  stringers  were  cvit  ont  and  replaced  by  bolts,  and  an  additional 
bearing  for  the  stringers  was  provided  by  wedging  oak  blocks  between 
the  bottom  flanges  of  the  stringers  and  the  cross-girders.  At  the  same 
time,  the  old  columns  were  cut  loose  from  their  cast-iron  bases.  The 
structure  was  then  jacked  up  2  in.  at  a  time,  and  the  raising  of  the 
structure  was  followed  up  by  blocking  and  wedges  on  the  shoring,  as 
well  as  between  th$  bottom  of  the  columns  and  their  cast-iron  bases, 
so  as  to  provide  double  security  against  possible  settlement  during  the 
jacking  operations. 

Prior  to  the  erection  of  the  new  center-track  stringers,  the  new 
seats  supporting  these  stringers  were  erected  from  scaffolds  hung  from 
the  structure.  The  stringers  were  erected  with  a  traveler  between  the 
south  end  of  the  section  and  176th  Street.  North  of  this  point  the 
derrick-car,  which,  up  to  this  time,  had  been  used  on  other  sections, 
was  used  to  erect  the  stringers.  The  traveler  started  at  the  south  end 
of  the  work  and  moved  north. 

The  girders  erected  by  the  derrick-car  were  trucked  to  Westchester 
Avenue,  just  east  of  Third  Avenue,  through  which  street  there  is  an 
elevated  railway  connection  between  the  Third  Avenue  Line  and  the 
elevated  portion  of  the  existing  subway  line.  As  this  connecting  line 
is  not  used  for  traffic  between  9  a.  m.  and  4  p.  M.,  the  hoisting  of  the 
girders  from  the  street  to  the  structure  could  be  done  there  with- 
out interference  with  traffic.  The  method  of  procedure  was  as  follows : 
The  train,  consisting  of  the  derrick-car,  a  flat  car,  and  a  motor-car, 
was  run  in  on  this  connecting  branch,  and  two  girders  were  hoisted 
and  placed  on  the  flat  car.  The  train  then  proceeded  north  on  the 
Third  Avenue  Line  immediately  behind  a  passenger  train.  When  it 
arrived  at  the  point  where  the  girders  were  to  be  erected,  the  derrick- 
car  was  blocked  and  guyed,  and  one  of  the  girders  was  erected.  If 
there  was  time  to  erect  the  other  girder  without  holding  up  the  next 
train  behind,  it  was  done,  otherwise  the  derrick-car  train  was  started 
after  erecting  the  first  girder,  proceeded  to  a  cross-over,  returned  on 
the  south-bound  track  and  erected  the  second  girder.  In  either  case, 
the  train  returned  on  the  south-bound  track  to  the  branch  in  West- 
chester Avenue  for  a  new  load.  Fig.  123  shows  the  hoisting  of  the 
stringers  at  Westchester  Avenue.  It  was  found  that  the  cost  of  erect- 
ing the  steel  with  the  traveler  was  nearly  50%  higher  than  with  the 


Papors.l       MANilAlTAX    KLEVATKD    RAILWAY    I M  l>l{()V  KM  K  XTS  :i<J01 


Fig.  123. —  Erecting  Steel  with  Derrick  Car. 


Fig.  124. — Structure  in  Grek.ntvich  Street. 
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derrick-car.  and  tliat  the  work  could  proceed  nearly  twice  as  fast  witli 
the  latter. 

The  stations  at  149th  Street,  iTTth  Street,  and  Fordliaiii  Rimd  were 
reconstructed  as  express  stations.  Prior  to  the  reconstruction  work 
each  had  a  center  platform  with  two  adjacent  tracks,  and,  in  addition, 
the  station  at  149th  Street  had  a  side  platform  on  the  east  side  of  the 
east  track,  used  for  unloading  the  trains.  The  new  express  stations 
were  constructed  with  two  island  platforms,  with  the  center  track 
between  the  platforms.  Tn  order  to  maintain  the  traffic,  the  work  was 
carried  out  in  tlie  following-  manner:  First,  the  new  extensions  to  the 
cross-girders  and  the  new  outside  track  stringers  were  erected  and  the 
r.ew  tracks  laid  on  top  of  these  stringers.  At  149th  Street,  where  there 
was  a  platform  on  the  east  side  of  the  structure,  all  this  work  had 
to  be  done  under  the  platform  without  interfering  with  its  use.  The 
next  thing  to  do  was  to  extend  the  center  platform  over  the  existing 
running  tracks,  so  as  to  be  able  to  transfer  the  traffic  from  those  tracks 
to  the  new  ones.  This  was  accomplished  by  building  temporary  plat- 
forms of  the  proper  width  on  top  of  the  new  ovitside  tracks,  which, 
when  completed,  could  be  shifted  over  on  top  of  the  old  tracks  adjacent 
to  the  existing  center  platform,  thus  forming  a  new  center  platform 
of  more  than  twice  the  width  of  the  old  one.  The  platforms  were 
shifted,  one  at  a  time,  during  the  early  morning  hours,  when  the 
traffic  was  so  light  that  trains  could  run  on  a  single  track  past  the 
station,  and  was  generally  completed  in  about  1  hour. 

All  other  stations  between  149th  Street  and  Fordham  Road  were 
local  stations,  but,  as  they  had  center  platforms  (with  the  exception 
of  the  station  at  180th  Street)  which  were  in  the  way  of  the  new  center 
track,  they  were  all  reconstructed  so  as  to  provide  side  platforms  to 
take  the  place  of  the  existing  center  platforms.  The  cross-girders 
were  extended,  the  extensions  being  erected  with  gin-poles,  although 
the  new  platform  girders  were  generally  erected  with  the  derrick-car. 

Steel  Erection. — Section  Xo.  7. — The  work  on  this  section  consisted 
of  the  reconstruction  of  tlie  stations  of  the  Xinth  Avenue  Line  at  fititli, 
llGth,  12r)th,  and  14.5th  Streets  for  express  service. 

The  first  station  to  be  reconstructed  was  that  at  llGth  Street.  The 
additional  column  bracing  was  erected  by  placing  light  scaffolding 
around  the  columns  and  reinforcing  the  cross-trusses  from  hanging 
scaffolds.     When  this  was  completed,  the  erection  of  the  new  outside 
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track  stringers  was  commenced.  As  the  structure  at  this  point  is 
very  high,  and  as  a  large  number  of  stringers  had  to  be  erected,  the 
usual  method  of  erecting  with  gin-poles  could  not  be  used  satisfac- 
torily, and  a  derrick-car  was  built  especially  for  the  purpose.  This 
ear  proved  so  useful  that  it  was  afterward  used  to  erect  steelwork  at 
other  points  where  conditions  were  favorable. 

The  new  stringers  were  trucked  to  points  in  the  street  north  of  the 
station  where  the  handling  did  not  interfere  wnth  traffic  in  the  street. 
The  derrick-car,  standing  on  the  center  track,  which  was  not  used  for 
traffic,  hoisted  the  girders,  one  at  a  time,  through  the  space  between 
the  center  and  the  south-bound  tracks,  placing  them  on  the  flatcar 
in  front  of  it.  When  a  girder  was  loaded  on  the  flatcar,  the  construc- 
tion train  ran  in  on  the  running  track  immediately  behind  a  pas- 
senger train,  to  the  point  where  the  girder  was  to  be  placed.  The 
derrick-car  was  then  blocked  and  guyed,  the  girder  was  placed,  and 
the  derrick-car  continued  south  and  took  the  cross-over  to  the  center 
track,  leaving  the  running  track  clear.  The  interval  between  the 
nmning  trains  was  3  min.,  and  the  work  of  placing  the  track  stringers 
was  completed  so  rapidly,  that  generally  no  delay  was  caused  to  pas- 
senger traffic.  After  having  arrived  on  the  center  track  south  of  the 
station,  the  train  returned  on  the  north-bound  track  to  the  center  track 
north  of  the  station,  where  another  girder  was  picked  up,  and  this 
continued  until  all  the  girders  on  the  west  side  were  erected.  The 
girders  on  the  east  side  of  the  structure  were  erected  in  a  similar 
manner,  except  that  the  work  train  was  loaded  at  the  point  and  then 
ran  directly  over  the  south-bound  track  to  the  center  track  south  of 
the  station,  and  there  awaited  a  favorable  time  to  run  in  on  the  north- 
bound track  to  place  the  track  stringers. 

The  new  north-bound  track  in  front  of  the  north  platform  was  then 
laid  and  connected  to  the  existing  local  track,  and  the  existing  north 
platform  was  closed  to  traffic  temporarily  until  the  reconstruction  of 
the  platform  was  completed.  The  new  north-bound  track  was  supported 
on  the  new  line  of  track  stringers  and  the  former  outside  track  stringers 
of  the  abandoned  local  track.  The  inside  track  stringers,  which  no 
longer  carried  any  load,  were  disconnected  from  the  outside  stringers, 
and  those  in  front  of  the  old  platform  were  used  for  track  stringers 
on  the  west  side  of  the  structure;  the  remaining  ones  were  moved 
and  used   as  platform  stringers  for  the   extension   of   the   platforms.. 
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III  tlic  iiu-aiitiiiu'.  tlic  pliit  t'onii  liad  Ixvii  repaired  and  braced,  aud 
was  then  shifted  bodily  eastward  to  its  new  position.  The  shifting 
of  tlie  platform  was  done  with  jacks  and  steamboat  ratchets.  The 
track  stringers  removed  from  the  east  side  were  then  placed  to  carry 
the  east  rail  of  the  new  center  track,  the  west  rail  being  carried  by  the 
existing-  cast  stringer  of  the  old  south-bound  track.  The  center  track 
past  the  platform  was  then  laid,  and  temporary  connections  were  made 
at  both  ends  so  that  this  track  could  be  used  for  south-bound  local 
service.  Traffic  was  then  transferred  from  the  south  platform  to  the 
new  north  platform,  and  the  construction  operation  repeated.  When 
til  is  work  had  been  completed,  all  the  permanent  track  connections 
were  made  and  both  platforms  were  used,  the  north  platform  for 
north-bound  traffic  and  the  south  platform  for  the  south-bound  traffic. 
The  new  mezzanine  station  was  constructed  in  conjunction  with  the 
work  on  the  track  level. 

The  work  on  the  station  at  125th  Street,  in  all  general  details,  was 
similar  to  that  at  the  116th  Street  Station,  the  main  difference  being 
tliat  the  existing  station  buildings  at  the  ends  of  the  platforms  were 
retained,  instead  of  constructing  a  new  mezzanine  station  under  the 
structure,  and  that  the  cross-girders  had  to  be  provided  with  short 
extensions  at  each  end  to  make  them  long  enough  to  support  the 
new  lines  of- outside  track  stringers. 

The  stations  at  66th  and  145th  Streets  were  of  the  hump  type,  and 
were  erected  in  a  manner  similar  to  other  hump  stations.  At  66th 
Street  all  work  that  could  be  carried  out  without  interference  with 
the  center  track  was  first  completed,  and  the  reconstruction  of  the 
center  track  was  delayed,  in  order  to  have  it  carried  out  simultane- 
ously with  that  of  the  center  track  at  other  points  south  of  this  sta- 
tion, so  as  to  make  the  interference  with  the  existing  express  service 
as  small  as  possible.  When  the  reconstruction  was  commenced,  it 
was  carried  out  and  completed  with  an  interruption  of  the  express 
train  service  of  only  2  weeks.  The  derrick-car  was  used  to  erect  the 
towers  supporting  the  new  elevated  center  track,  and  a  traveler  erected 
the  remainder  of  the  structure.  Two  working  shifts  were  used  for  a 
short  time.  The  men  commenced  work  at  3.30  a.  :m.  and  stopped  at 
8.20  p.  M.,  in  order  to  insure  its  completion  within  the  prescribed  time. 

Steel  Erection. — Section  No.  8- A. — Section  No.  8-A  extended  in 
Greenwich  Street  from  soutli  of  Cortlnndt  Street  to  9th  Street,  and  the 
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erection  work  consisted  mainly  of  adding  new  cross-girders  and  center 
track  stringers  to  tlie  existing  structure.     Fig.  124  shows  a  portion  of 
the  existing  structure  immediately  after  the  erection  of  the  new  cross- 
girders  and  center-track  stringers.    It  shows  the  shoring  of  the  outside 
track  stringers,  which  consisted  of  four-post  framed  towers  built  around 
the  existing  columns,  where  the  columns  were  not  removed,  and  of  two 
similar  towers,   one  at  each   side  of  the  existing  column,   where   the 
columns  were  replaced  with  new  ones.     The  columns  were  generally 
removed  at  the  new  express  stations,  where  the  additional  load  of  the 
express  platform  required  heavier  ones,   and  also  where  the  existing 
cokmins  were  of  the  type  shown  to  the  left  on  Fig.  124.     This,  which 
was  the  original  type  of  columns  used  on  the  elevated  lines,  consisted 
of  four   6-in.   I-beams   tied  together   at   intervals.      The   base  of   the 
column  was  an  iron  casting,  into  which  the  I-beams  of  the  columns 
fitted  and  were  held  by  rust  caulking.    Fig.  124  shows  the  base  casting 
and  a  part  of  the  column  shaft,  which  was  burnt  in  two  to  facilitate 
removal ;  it  also  shows  the  original  track  stringers  on  the  west  side 
of  the  structure,  which  were  only  about  24  in.  deep,  and,  in  the  course 
of   time,   had  been   reinforced    with   another    set    of   24-in.    stringers, 
placed  directly  on  top  of  the  original  girders.     These  track  stringers 
were  removed  after  the  center  track  was  completed,  the  sovith-bound 
traffic  being  diverted  temporarily  to  the  center  track. 
'       At  the  stations  which  were  converted  for  express  service,  the  north- 
bound platforms  and  track  were  shifted  a  few  feet  east  to  make  room 
for  the  additional  track  and  platform.     This  was  accomplished  by  sup- 
porting the  ends  of  the  track  stringers  to  be  moved  on  six-post  shoring 
towers,  wide  enough  to  carry  the  stringers  both  in  the  original  and 
the  new  position.     As  most  of  the  cross-bents  were  on  a  skew,  it  was 
generally  necessary  either  to  cut  off  a  portion  of  the  track  stringers 
moved  or  to  lengthen  them.    In  all  cases  the  ends  of  the  stringers  were 
remodeled  to  connect  to  the  new  cross-girders  or  to  the  existing  cross- 
girders  in  their  new  position. 

The  erection  of  the  new  cross-girder  and  track  stringers  was  done 
with  two  travelers,  one  starting  at  the  north  end  and  the  other  at  the 
south  end  of  the  section. 

Steel  Erection. — Sections  Nos.  S-B  and  8-C. — Section  No.  8-B 
comprised  the  construction  of  the  hump  stations  at  14th  and  34th  Streets 
on  the  Ninth  Avenue  Line,  and  Section  No.  8-C  comprised  the  elimiua- 
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tioii  of  the  express  track  grade  crossing  at  53d  Street,  where  the  local 
tracks  of  the  Sixth  Avenue  Line  connect  with  those  of  the  Ninth 
Avenue  Line.  The  erection  of  tlie  steel  for  the  hump  stations  was 
carried  out  in  a  similar  manner  to  tliat  descrihcd,  and  needs  no  further 
comment. 

At  53d  Street  the  approaches  were  erected  in  a  similar  manner  to 
the  hump  stations,  hut  the  approaches  were  longer,  because  the  head- 
room required  under  the  new  structure  at  53d  Street,  where  the  south- 
bound Sixth  Avenue  track  crosses  under  the  new  structure  for  the 
exi:)ress  track,  necessitated  a  greater  height  of  the  express  track  over 
the  local  tracks  than  that  required  at  the  hump  stations.  On  account 
of  the  crossings  at  53d  Street,  the  span  length  there  had  to  be  made 
about  99  ft.,  and  the  over-head  track  was  carried  on  a  through  bridge 
construction.  The  erection  of  the  new  structure  was  done  with  a  der- 
rick which,  however,  was  not  sufficiently  strong  to  erect  the  through 
bridgr  girders.  Another  and  heavier  derrick,  therefore,  was  erected 
in  the  street  at  the  west  side  of  the  structure,  and  supported  on  towers 
in  order  to  bring  it  to  the  level  of  the  structure.  Fig.  126  shows  one 
of  the  girders  in  course  of  erection.  The  traffic  on  the  lines  was  inter- 
rupted during  the  erection  for  a  period  of  about  18  min.  for  each 
girder.  After  this  span  was  erected,  the  large  derrick  was  used  to 
lift  the  traveler  which  erected  the  remainder  of  the  work  across  the 
tlirough  span,  which  was  too  narrow  for  the  traveler  to  pass  through. 

As  stated  when  describing  the  erection  of  the  66th  Street  Station. 
Section  Xo.  7,  this  station  and  the  work  under  Sections  Nos.  8-B  and 
8-C  were  carried  out  and  completed  at  the  same  time,  so  as  not  to 
interfere  with  the  express  traffic  more  than  necessary.  This  work, 
which  involved  the  erection  of  3  000  tons  of  steel  and  the  removal  or 
relaying  of  7  000  ft.  of  track,  was  accomplished  in  2  weeks. 

Steel  Erection. — Section  No.  10-B. — Section  No.  10-B  comprised 
the  reconstruction  of  the  station  at  155th  Street  and  Eighth  Avenue  to 
serve  the  new  express  track,  and  the  coimection  to  the  new  rapid  transit 
line  in  Jerome  Avenue. 

The  erection  x^roblcni  was  essentially  one  of  maintaining  traffic 
during  the  work.  The  method  of  doing  this  was  worked  out  in  advance, 
as  shown  on  Plate  LIV,  and  was  followed  throughout,  as  far  as  it  was 
completed,  by  the  contractors.  The  final  stages  of  the  work  were  not 
completed  by  the  contractors,  as  the  east  platform  could  not  be  built 
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before  the  Putnam  Division  of  the  New  York  Cential  Railroad  vacated 
the  space  the  platform  was  to  occupy,  and  this  again  was  dependent 
on  other  work  on  the  connection,  which  was  in  progress. 

Plate  LIV  shows  the  different  stages  of  the  work.  Stage  No.  1  indi- 
cates the  existing  layout  of  the  platform  and  track  previous  to  recon- 
struction, to  which  were  added  a  number  of  temporary  cross-overs  to 
divert  the  traffic  from  the  tracks  under  reconstruction.  During  this 
stage,  the  cross-girder  extensions  and  as  many  of  the  new  outside  track 
stringers  south  of  the  station  as  could  be  placed  without  interfering 
with  traffic  on  the  running  tracks  were  erected,  and  a  new  temporary 
signal  tower  was  built  at  152d  Street  to  take  the  place  of  the  existing 
tower  at  the  south  end  of  the  then  existing  west  platform.  This  new 
signal  tower  was  supported  on  timber  bents  from  the  street  level.  The 
track  was  laid  as  far  as  possible  on  the  new  track  stringers  south  of 
the  station,  and,  at  the  same  time,  the  existing  passageway  from  the 
west  platform  to  the  entrance  to  the  Polo  Grounds  was  removed.  In 
the  second  stage,  the  newly  laid  portions  of  the  tracks  south  of  the 
station  (marked  No.  1  and  No.  4)  were  connected  to  the  old  tracks, 
and  the  corresponding  portions  of  the  old  tracks  were  abandoned. 
Such  track  connections  were  made  without  interruption  of  traffic, 
as  they  were  generally  completed  in  about  6  min.  The  existing 
center  track,  including  the  track  stringers  between  153d  and  154th 
Streets,  was  then  shifted  west  tp  its  new  permanent  position  (marked 
Track  No.  2),  and  a  new  temporary  platform  was  built  between  Tracks 
]S  OS.  2  and  4,  connecting  to  the  old  east  platform  with  a  bridge  over  the 
running  track.  Fig.  127  shows  the  new  platform  and  bridge  in  course 
of  construction.  At  the  same  time  the  new  columns  and  cross-girder 
extensions  on  the  west  side  of  the  structure  north  of  the  old  station 
were  erected,  and  the  new  track  (Track  No.  1)  on  this  portion  was  laid. 

During  the  next  stage  (Stage  No.  3)  the  new  temporary  platform 
was  used  in  place  of  the  old  west  platform,  which  was  abandoned  for 
passenger  service,  as  well  as  the  portion  of  the  old  west  track  in  front 
of  the  platform,  and  this  permitted  the  completion  of  Track  No.  1 
past  this  i)latform.  During  this  stage,  also,  the  new  track  stringers  in 
the  northerly  stretch,  for  the  new  west  track  (marked  Yard  Track), 
were  placed. 

The  remainder  of  the  track  stringers  for  this  track  were  placed 
during   the   fourth   stage,   because   they   were   old   stringers,   formerly 
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Fig.  127. — Station  on  Eighth  Avenue  at  155th  Street.     Temporary  Platform. 


Fig.  128.- — STAij-j.,  t.:,  Ejuhth  Avenue  at  155th  Street  Before  Reconstruction. 
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used  under  the  old  west  track,  which,  at  this  stage,  was  abandoned 
and  replaced  for  traffic  by  the  new  Track  No.  1.  The  new  island 
platform  (Platform  No.  1)  was  then  built,  and  also  as  much  as  possible 
of  the  new  mezzanine  stations  at  the  north  and  south  ends  of  this 
platform. 

At  the  same  time.  Track  No.  2,  in  front  of  the  old  station,  was 
laised  to  its  new  level  and  connected  with  a  temporary  cross-over  to 
Track  No.  1,  south  of  the  new  island  platform. 

During  the  next  or  fifth  stage,  the  temporary  platform  south  of 
155th  Street  only  was  used  for  passenger  traffic,  and  the  two  new 
tracks  on  the  west  side  of  the  street  (Track  No.  1  and  Yard  Track), 
north  of  155th  Street,  were  used  for  connection  to  the  yard  at  159th 
Street.  Track  No.  2,  north  of  155tli  Street,  was  built  to  proper  grade, 
and  part  of  the  upper  station  at  155th  Street  was  constructed. 

In  the  sixth  stage,  the  new  Platform  No.  1  and  the  mezzanine  sta- 
tions were  opened  for  traffic,  and  the  temporary  platform  was  aban- 
donoil.  making  room  for  the  completion  of  the  work  south  of  155th 
Street.  The  last  stage  can  be  completed  without  interfering  with 
traffic,  when  the  east  side  of  the  structure  is  abandoned  by  the  Putnam 
Division. 

Fig.  128  shows  the  original  layout  north  of  155th  Street.  On  the 
left  side  is  shown  the  north  end  of  the  west  platform  and  the  passage- 
way to  the  Polo  Grounds;  on  the  east  side  is  shown  the  Putnam  Divi- 
sion tracks  and  platform.  Fig.  129  shows  the  same  view  after  the 
passageway  had  been  removed  and  a  platform  of  the  new  st«el  on  the 
west  side  of  the  structure  had  been  erected.  It  shows  the  new  track 
girders  raised  above  the  level  of  the  existing  tracks,  which  was  done 
in  order  to  obtain  the  necessary  head-room  for  the  mezzanine  stations. 
Fig.  130  shows  the  new  platform  and  upper  mezzanine  station  com- 
pleted for  operation. 

The  complete  reconstruction,  as  outlined,  had  to  be  carried  out 
during  the  period  between  baseball  seasons,  as  all  the  Major  League 
games  in  New  York  City  were  played  on  the  Polo  Grounds,  and  by 
far  the  greater  portion  of  the  spectators  at  these  games  are  handled 
tlirough  this  station.  The  baseball  season  closed  on  October  20th, 
1914,  and  the  next  season  opened  on  April  13th,  1915.  The  recon- 
struction work  started  immediately  after  the  close  of  the  season,  and 
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was   completed  by   April   1st,    11)15,  but   only   by   intense   application 
throughout  the  whole  period. 

After  this  work  was  completed,  the  new  over-grade  express  track 
between  150th  and  155th  Streets  was  erected  with  a  traveler,  starting 
at  the  south  end  of  the  incline. 

Stations. 

When  passengers  arrive  at  a  station  to  take  a  train,  they  generally 
come  singly  or  in  small  parties,  and  no  delay  is  caused  by  passing 
through  the  station  building  to  the  platform.  When,  on  the  other 
hand,  passengers  are  discharged  from  a  train  at  a  station,  they  are 
all  ready  to  leave  the  platform  at  the  same  time,  and,  therefore,  the 
exits  to  the  street  should  be  made  as  direct  as  possible.  The  stations 
remodeled  or  rebuilt  under  the  "Manhattan  Elevated  Improvements" 
were  designed  with  this  principle  in  view.  The  exits  were  generally 
arranged  to  be  as  direct  as  possible,  without  any  doors  to  obstruct 
the  traffic. 

Fig.  131  shows  a  diagram  of  the  mezzanine  station  at  Canal  Street 
and  the  Bowery  on  the  Third  Avenue  Line.  From  the  four  stairs  con- 
necting the  mezzanine  station  to  the  street  are  passages  leading  to 
the  ticket  office  and  from  there  past  the  ticket  boxes  to  the  stairs  lead- 
ing to  the  platforms.  The  stairs  which  connect  the  mezzanine  station 
with  the  platforms  are  used  both  for  access  to  and  exit  from  the 
lilatforms,  as  it  is  practically  impossible  to  prevent  passengers  from 
using  the  stairs  most  convenient  to  them.  Passengers  leaving  the 
platforms  descend  the  stairs  to  the  mezzanine  station,  and  leave  through 
the  exit  openings  without  interfering  with  the  passengers  coming  in 
past  the  ticket  booth.  The  mezzanine  station  is  provided  with  toilet 
rooms,  and  only  these  and  the  ticket  office  are  heated,  as  it  would 
otherwise  be  necessary  to  provide  doors,  which  would  interfere  with 
the  progress  of  the  passengers. 

Fig.  132  is  a  plan  of  the  mezzanine  station  at  125th  Street  on  the 
Second  Avenue  Line.  The  general  plan  of  this  station  is  the  same 
as  that  described,  but,  as  traffic  at  this  point  is  not  so  congested,  the 
waiting-room  is  enclosed  and  heated.  The  exit  is  arranged  direct, 
as  at  the  Canal  Street  Station.  It  will  be  noted  in  both  cases  that  all 
the  toilet  fixtures  are  backed  against  the  walls  of  the  heater  rooms. 
This  is  done  partly  to  keep  the  fixtures  from  freezing,  bvit  mainly  to 
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Fig.  129. — Station  on  Eighth  Avenx'e  at  155th  Street  During  Reconstruction. 


Fig.  130. — Station  on  Eighth  Avenue  at  155th  Street  After  Reconstruction. 
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ki't'p  the  i>ii>es  iiwiiv  from  the  toilet-rooms,  so  tliat  they  can  be  inspected 
and  repaired  without  working  in  the  toilet-rooms  and  also  to  prevent 
them  from  being  destroyed  by  vandals.  In  fact,  all  the  toilet  fixtures 
are  arrauf-cd  so  that  nothing  can  by  any  ordinary  means  be  broken 
or    unscrewed    ami    taken    away;    the    flush-tanks,    for    example,    are 
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Fig.   131. 


FLOOR  PLAN  OF  STATION 


worked   by   push-buttons   set   into   and   fastened   at   the   back   of   the 

j)artitions. 

The  station  at  155th  Street  and  Eighth  Avenue,  on  the  Ninth 
Avenue  Line,  is  provided  with  two  station  buildings  at  the  south  end 
of  the  platforms  and  with  one  at  the  north  end.  At  the  south  end, 
one   station   building   is   below   the  track   structure,   and   serves   pas- 
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sengers  from  Eighth  Avenue;  the  other  station  building  is  above  the 
track  structure,  and  is  connected  with  the  viaduct  forming  the 
approach  to  the  McComb  Dam  Bridge  across  the  Harlem  River.  The 
station  at  the  north  end  of  the  platform  is  a  mezzanine,  and  is  mainly 
provided  to  give  direct  access  to  the  baseball  park  at  the  Polo 
Grounds.  Fig.  133  shows  the  arrangement  of  this  mezzanine  station, 
which  was  built  to  handle  a  large  number  of  incoming  passengers  at 
the  same  time.  The  main  floor  of  the  baseball  park  building  leading 
to  the  grand-stands  is  at  the  same  level  as  the  mezzanine  station  and 
connected  directly  by  a  wide  passage,  on  which  a  large  number  of 
ticket  sellers  and  ticket  choppers  can  be  placed.  The  stairs  leading 
from  the  mezzanine  station  to  the  platforms  are  as  wide  as  the  width 
of  the  platforms  and  the  track  layout  would  permit.  During  the  last 
season,  when  only  the  west  platform  was  constructed,  the  traffic  was 
handled  without  serious  congestion,  and  when  both  platforms  are 
completed,  the  facilities  will  be  doubled. 

Plate  LY  shows  a  typical  arrangement  of  a  "hump"  station.  The 
existing  station  buildings  contained  all  the  necessary  facilities,  and 
no  addition  was  made  to  them.  A  passenger  entering  the  station 
would,  after  buying  and  depositing  his  ticket,  pass  out  on  the  existing 
local  platform.  If  he  desired  to  take  a  train  on  the  upper  level,  he 
would  ascend  the  stairs  leading  to  the  upper  platforms.  These  stairs 
are  placed  in  such  a  manner  that  they  are  close  to  the  exits  and,  there- 
fore, give  direct  access  to  the  street. 

The  platform  construction  consists  of  platform  girders  on  top  of 
which  are  placed  I-beams,  carrying  the  wooden  floor-joists.  Gener- 
ally, the  floor-joists  were  set  on  top  of  the  I-beams,  but  when  it  was 
necessary  to  make  the  floor  construction  shallow,  these  joists  were 
framed  into  the  I-beams  and  supported  on  angles  riveted  to  the  web  of 
the  latter.  The  floor  of  the  platforms  consisted  of  2  by  6-in.  planks 
laid  transversely  to  the  length  of  the  platform.  As  the  lumber  used 
for  the  planks  was  not  well  seasoned,  the  planks  were  laid  with  close 
joints.  After  they  had  been  in  place  for  some  time  and  dried  out,  the 
joints  opened  about  J  in.  The  platforms  were  covered  with  canopies 
for  either  part  of  their  length  or  their  full  length,  according  to  the 
traffic  conditions  and  the  location  of  the  station  buildings.  The 
canopies  were  supported  by  posts.  On  side  platforms  usually  two 
rows  of  posts  were  used,  one  being  at  the  back  of  the  platform  and 
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incorporated  in  the  railing.  The  other  row  of  columns  was  placed 
within  a  few  feet  of  the  front  edge  of  the  platform,  far  enough  from 
the  edge  to  make  it  safe  to  walk  between  the  post  and  a  train  pulling 
in  at  the  platform.  On  the  center  platforms,  the  canopy  was  usually 
supported  by  a  single  row  of  columns,  set  in  the  center  so  as  to  leave 
the  platform  as  clear  as  possible  of  obstructions.  The  canopy  was 
covered  with  tinned  iron,  laid  on  tongued  and  grooved  boards. 

The  portion  of  the  side  platforms  covered  by  canopies  was  usually 
protected  with  wind  shields  at  the  back  of  the  platform.  The  wind 
shields  were  provided  with  detachable  sash,  so  that  the  sash  could 
be  removed  in  the  summer  or  when  being  cleaned. 

The  new  station  buildings  were  generally  covered  on  the  outside 
with  sheet  iron  and  painted,  but,  in  some  cases,  on  the  down-town 
stations,  copper  was  used.  The  inside  woodwork  trim  was  usually 
comb-grained  yellow  pine,  producing  a  very  pleasing  effect. 

Track  Work. 

Throughout  the  reconstruction  work  the  standard  Manhattan  Rail- 
way track  construction  (Fig.  134)  was  used.  The  specifications  for 
track  timber  were  as  follows: 

"1. — The  timber  to  be  of  long-leaved,  first-growth,  Florida,  Georgia, 
or  Alabama  yellow  pine,  straight,  square-edged,  free  from  shakes,  loose, 
large,  or  rotten  knots,  and  every  other  material  imperfection,  planed 
on  all  sides,  and  of  the  full  schedule  dimensions  after  planing. 

**2. — In  no  case  will  any  stick  be  accepted  with  less  than  three 
heart  corners,  or  with  more  than  1  in.  of  sap  on  the  fourth  corner, 
or  more  than  2J  in.  of  sap  on  either  side  at  either  end  of  the  stick. 

"3. — The  timber  to  be  delivered,  as  required  by  this  Company,  under 
the  foregoing  requirements,  irrespective  of  trade  usage  or  conven- 
tional specifications,  and  to  be  subject  to  the  inspection  and  accept- 
ance or  rejection  of  the  Company's  authorized  inspector." 

The  standard  ties  are  6  by  8  in.  in  cross-section,  full  dimensions, 
and  are  8  ft.  long.  For  the  outside  tracks,  where  a  footwalk  is  required, 
every  third  tie  is  12  ft.  long  and  carries  the  footwalk.  The  standard 
spacing  of  the  ties  is  18  in.  from  center  to  center.  The  ties  are 
fastened  to  the  flanges  of  the  track  stringers  with  hook-bolts.  The 
outside  footwalk,  laid  on  the  12-ft.  ties,  consists  of  five  pieces  of 
slatting,  2  by  G  in.,  full  dimensions.  Where  there  is  a  center  track, 
the  spaces  between  this  track  and  the  outside  tracks  are  bridged  over 


2222  MANHATTAN   ELEVATED   RAILWAY   IMPROVEMENTS       [Papers. 


o  ^'  o 
o        O 


Papers.]       MANHATTAN   ELEVATED   RAILWAY   IMPROVEMENTS  2233 

with  standard  tics.  4  ft.  G  in.  from  center  to  center,  and  provided  with 
footwalks  consisting  of  four  pieces  of  slatting.  The  outside  tracks 
are  provided  with  four  guard-rails  of  6  by  8-in.  timber,  as  shown,  to 
jirevent  a  train  from  falling  off  the  structure  in  case  of  derailment. 
The  standard  track  rails  weigh  90  IV).  per  yd.,  have  a  5-in.  base,  and  are 
5  in.  high.  On  curved  tracks  the  outer  rail  is  super-elevated  by  eleva- 
tion blocks,  as  shown  by  Fig.  134,  and  steel  guard  and  check  rails  are 
provided.  The  contact  rail,  which  weighs  100  lb.  per  yd.,  is  supported 
on  the  footwalk  ties.  The  outside  footwalks  are  protected  by  pipe 
railings  with  posts  4  ft.  6  in.  from  center  to  center. 

The  track-laying  could  generally  be  carried  out  without  interfer- 
ence with  the  traffic.  Where  track  was  replaced  under  trains  in  opera- 
tion, the  work  was  carried  out  by  the  Company's  Maintenance  of  Way 
Department,  which  was  accustomed  to  work  of  this  kind. 

Plant. 

Yards. — The  Company's  material  yard  at  128th  Street  and  the 
Harlem  River,  which,  with  the  additional  land  and  dock  front  leased 
for  the  use  of  the  "JManhattan  Elevated  Improvements,"  had  an  area 
of  about  50  000  sq.  ft.,  and  a  dock  frontage  on  the  Harlem  River  of 
about  TOO  ft.,  was  the  main  receiving  and  distribution  depot  for  mate- 
rial used  on  the  work.  Most  of  the  new  steelwork  for  the  up-town  sec- 
tions and  the  greater  part  of  all  rails,  ties,  and  other  track  material, 
and  also  most  of  the  scrap  material  from  the  structures  removed,  was 
liandled  through  this  yard.  The  equipment  consisted  of  a  derrick  with 
a  capacity  of  10  tons,  which  was  used  for  unloading  steel  from  the 
lighters  and  loading  it  on  the  trucks,  and  a  traveling  derrick,  running 
on  rails  on  the  surface  of  the  yard,  which  was  used  mostly  to  handle 
the  track  timber.  An  existing  derrick  set  on  the  elevated  structxire 
adjacent  to  the  yard  was  used  for  handling  the  track  material,  which 
was  distributed  mostly  with  work  trains.  The  steel  was  usually  trucked 
to  the  working  site  and  there  picked  up  by  the  traveler  erecting  the 
structure.  The  yard  was  further  furnished  with  a  saw-mill  and  with 
the  necessary  storerooms  and  offices  for  the  contractors  and  engineers. 

Another,  but  smaller,  material  yard,  on  the  Company's  property  at 
133d  Street,  adjacent  to  the  Third  Avenue  Line  structure,  was  fur- 
nished with  a  blacksmith  shop,  and  another  small  yard  dowai  town  was 
leased  for  the  storage  of  material,  in  order  to  avoid  congestion  in  the 
streets. 
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A  receiving  and  distribution  point  for  the  steelwork  to  be  erected  on 
the  down-town  sections  was  obtained  by  leasing  a  dock  front  and  stor- 
age space  at  Perry  Street  and  the  North  River,  and,  finally,  a  portion 
of  the  Company's  surface  yard  at  179th  Street  and  Third  Avenue 
was  used  as  a  storage  and  distribution  yard  for  material  used  on  Sec- 
tions Nos.  6-C  and  Y. 

Compressors. — All  riveting,  drilling,  etc.,  was  done  by  compressed 
air,  three  stationary  and  thirteen  portable  compressors  being  used. 
The  stationary  compressors  were  Ingersoll-Rand,  driven  by  a  Nagle 
locomotive-type,  100-h.p.  boiler ;  the  portable  compressors  were  Chicago 
Pneumatic  Tool  Company  or  Ingersoll-Rand  compressors,  with  a  capa- 
city of  300  cu.  ft.  of  free  air  per  min.  at  a  pressure  of  90  lb.,  driven 
by  50-h.p.  electric  motors,  taking  current  from  the  contact  rail  of  the 
existing  railways. 

Travelers. — Although  in  some  cases  the  erection  of  the  steel  struc- 
ture was  done  with  gin-poles  and  jinnywink,  the  greater  part  of  the 
erection  was  done  with  travelers.  Figs.  109  and  125  show  the  two 
general  types  used.  When  the  width  of  the  structure  permitted  it,  the 
type  shown  by  Fig.  109  was  used.  It  spanned  over  two  tracks,  and 
was  either  supported  on  skids  or  on  wheels  running  on  a  temporary 
track.  When  the  working  space  was  confined  to  the  limits  of  the 
center  track,  the  traveler  was  made  narrow  enough  to  be  supported 
on  the  track  stringers  of  the  center  track  only,  as  shown  by  Fig.  125. 
The  safe  swing  of  the  boom  was  limited  in  this  case  to  the  space 
between  the  outside  running  track,  and  necessitated  picking  up  the 
eteel  between  the  running  tracks.  In  order  to  prevent  lateral  swing- 
iiig  of  the  boom  beyond  the  safe  limits,  which  might  endanger  the 
stability  of  the  traveler  as  well  as  the  trains  on  the  running  tracks, 
wire  ropes  were  attached  half  way  up  to  the  boom  and  connected  to 
the  frame  of  the  traveler,  which  prevented  the  boom  from  swinging 
beyond  certain  limits.  The  hoists  of  the  traveler  were  generally  oper- 
ated by  electric  motors,  receiving  the  current  from  the  contact  rail 
of  the  railroad  track. 

Some  of  the  steelwork  was  erected  with  a  derrick-car  built  espe- 
cially for  the  purpose.  The  derrick  was  built  on.  one  of  the  Company's 
standard  flatcars.  The  A-frame  was  made  so  that  it  could  be  folded 
down  on  the  derrick-car,  in  order  to  clear  overhead  obstructions  while 
being  transported  from  point  to  point.     While  being  thus  transported 
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the  boom  rested  on  another  tlatcar  coupled  in  front  of  the  derrick-car, 
and  this  flatcar  was  also  used  to  transport  the  steel  to  the  point  of 
erection.  The  carrying  capacity  of  the  derrick-car  was  8  tons,  with 
the  boom  out  to  the  side  at  an  angle  of  45  degrees. 

Contractors  and  Cost. 

Selection  of  Contractors. — When  the  work  under  the  "Manhattan 
Elevated  Improvements"  was  finally  authorized  to  proceed,  it  was  the 
desire  of  the  Company  that  it  should  be  carried  out  and  completed 
speedily,  safely,  and  without  interference  with  the  service  of  its  trains. 
To  secure  these  conditions,  it  was  necessary  to  select  contractors  whose 
standing  and  experience  would  assure  the  success  of  the  work,  and,  in 
order  to  retain  their  services,  it  was  necessary  to  pay  them  for  their 
work  in  an  equitable  manner.  To  advertise  for  bids,  either  on  a  lump- 
sum or  unit-price  basis,  and  then  accept  the  lowest  bidder  would  be  a 
gamble,  as  far  as  the  selection  of  the  contractors  is  concerned,  and  the 
odds  would  be  in  favor  of  getting  inexperienced  contractors,  as  such 
men  are  not  always  able  to  foresee  and  provide  against  all  the  con- 
tingencies of  the  work.  Even  if  the  service  of  experienced  contractors 
were  secured,  for  instance,  by  accepting  bids  which  were  not  the  lowest, 
the  Company  would  not  have  the  freedom  to  select  when,  where,  and 
how,  the  work  should  be  carried  out,  so  as  to  suit  the  traffic  conditions 
on  the  railroads.  The  contractors  would  object  to  such  interference, 
and  properly  so,  as  it  would,  at  least  in  their  opinion,  decrease  the  effi- 
ciency of  their  work  and  the  size  of  their  expected  profits.  As  an 
example  of  how  the  traffic  conditions  determined  the  conditions  of  the 
work,  it  may  be  mentioned  that  the  station  at  155th  Street  and  Eighth 
Avenue  serves  the  Polo  Grounds,  where  the  Baseball  League  games  are 
played;  the  work  of  reconstructing  this  station  could  not  commence 
until  the  baseball  season  was  over,  and  had  to  be  completed  before  the 
next  season  started.  Another  example  is  the  carrying  out  of  the  work 
in  Ninth  Avenue;  there  used  to  be  on  the  Ninth  Avenue  line  a  partial 
express  service  as  far  south  as  14th  Street;  in  order  to  interfere  as 
lililc  as  possible  with  this  service,  the  Company  desired  that  the  inter- 
ruptions of  the  express  service  due  to  the  reconstruction  of  the  stations 
at  66th,  34th,  and  14th  Streets,  and  the  grade-crossing  elimination  at 
53d  Street,  should  be  simultaneous,  and  should  not  last  more  than  14 
days.     The  work  was  carried  out  as,  and  within  the  time,  described  by 
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the  Company,  but  not,  from  a  contractor's  point  of  view,  in  the  most 
profitable  manner.  Again,  when  the  three  spans  of  the  Harlem  River 
Bridge  were  placed,  it  was  ordered  that  the  work  should  be  done  on  a 
night  between  Saturday  and  Sunday  after  midnight,  at  which  time  the 
traffic  was  lightest;  as  the  work  depended  on  the  tide,  the  placing  had 
to  wait  until  a  Saturday  night  when  the  tide  was  favorable;  in  fact, 
throughout  the  construction,  the  traffic  conditions  were  the  determining 
factors  in  the  progress  of  the  work. 

The  desire  of  the  Company  to  have  the  work  completed  speedily  (the 
importance  of  which  is  shown  by  the  fact  that  the  number  of  pas- 
sengers carried  during  the  first  year  after  the  improvements  were  com- 
pleted and  in  operation  increased  more  than  13%  over  the  number 
carried  in  the  preceding  years,  during  several  of  which  the  number  had 
remained  nearly  constant),  necessitated  multiplications  of  the  plant, 
tools,  and  materials  for  falsework,  which  contractors  on  a  lump-sum  or 
unit-price  basis  would  be  extremely  unwilling  to  furnish,  on  account  of 
the  heavy  additional  cost. 

Finally,  the  desire  of  the  Company  to  carry  its  passengers  safely  dur- 
ing the  work  of  construction,  under  contracts  on  a  lump-sum  or  unit-price 
basis,  would  lead  to  endless  controversies  between  the  Company  and  the 
•contractors,  as  to  what  constituted  safety,  both  as  to  temporary  supports 
and  as  to  methods  of  conducting  the  work,  while  it  was  properly  the 
intention  of  the  Company  to  be  the  sole  judge  in  the  matter  of  safety. 

The  Company,  therefore,  elected  to  choose  contractors  who  were 
known  to  it  to  possess  the  necessary  experience  to  carry  out  the 
work,  and  to  pay  them  the  actual  cost  of  the  work  plus  a  fixed  per- 
centage of  the  same  to  cover  the  use  of  their  plant  and  their  services. 
This  method  of  payment  was  the  only  equitable  one  that  could  be 
devised  for  a  construction  work  of  this  character. 

The  soundness  of  the  Company's  decision  is  shown  by  the  facts  that 
the  work  was  completed  in  23  months,  without  undue  delays  of  the  train 
service,  and  practically  without  injuring  a  passenger,  although  more 
than  600  000  000  passengers  were  transported  on  2  000  000  trains  over 
the  lines  under  construction. 

The  work  was  performed  under  a  contract,  dated  February  13th, 
1914,  with  the  Terry  and  Tench  Company,  Incorporated,  The  Snare 
and  Triest  Company,  and  the  T.  A.  Gillespie  Company,  which  last 
Company  acted  as  executive.     The  work  was   distributed  as  follows: 
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All  foundation  work  was  done  by  the  T.  A.  Gillespie  Company;  the 
Snare  and  Triest  Company  carried  out  all  work,  including  steel  erec- 
tion, station  finish,  and  track-laying  on  Sections  Nos.  6-C  and  7;  the 
Terry  and  Tench  Company  completed  all  steel  erection  and  track  work 
on  the  remaining  sections,  and  the  station  finish  work  on  these  sections 
was  partly  carried  out  by  the  Terry  and  Tench  Company  and  partly  by 
the  T.  A.  Gillespie  Company.  The  contractor's  work  was  in  executive 
charge  of  a  vice-president  of  the  T.  A.  Gillespie  Company. 

Structural  Steel. — The  sub-contractors  for  the  manufacture  and 
delivery  of  the  steelwork,  the  tonnage  delivered,  and  the  prices  per 
pound  of  the  material  delivered,  are  given  in  Table  1. 

TAELE  1. — Steelwork  for  "]VL\nhattan  Elevated  Improvements." 


Section. 

Subcontractor. 

Tons. 

Price 
per  pound. 

1 

5  968 

4  562 
3  820 
3  929 

5  544 
1732 
1440 
1  100 

163 

1  113 

2  926 
8  075 
1487 
5  041 
1302 

547 
1200 

0  0288 

2-A 

0  0293 

2-B 

0  0262 

8 

Phoenix  Bridge  Company 

0  0289 

4-A.      

McClintic-Marshall  Company 

0  0215 

5-A 

Pennsylvania  Steel  Company 

0  0290 

5-B 

0.0275 

5-C  (Structural  steel). . 

Pennsylvania  Steel  Company  

0  0290 

5-C  ( Machinery) 

PennsVlvania  Steel  Company  

0.1045 

.5-D 

6-A 

Pennsylvania  Steel  Company 

0.0.320 
0  0250 

6-C 

McClintic-Marshall  Company 

0  0243 

7 

0  02.54 

8-A 

American  Bridge  Company 

Milliken  Brothers ". 

0  0245 

8-B 

0  0270 

8-C 

Milliken  Brothers 

0.0254 

lO-B 

Belmont  Iron  Works 

0  0285 

Rails. — The  contracts  for  the  manufacture  and  delivery  of  rails  were 
made  with  the  following  companies : 

Bethlehem  Steel  Company,  standard  rails,  2  961  520  lb.,  at  $0,014 

per  lb. 
Lackawanna     Steel    Company,    standard    rails,    2  916,940    lb.,    at 

$0,014  per  lb. 
Illinois  Steel  Company,  manganese  rails,  564  060  lb.,  at  $0.0905 

per  lb. 

Lumber. — The  track  lumber,  which  was  all  yellow  pine  and  amounted 
to  about  8  000  000  ft.,  b.  m.,  was  obtained  from  the  D.  L.  Gillespie  Com- 
pany, of  Pittsburgh,  Pa.,  and  cost  $30.50  per  1  000  ft.,  b.  m. 
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Other  lumber,  for  shoring,  forms,  etc.,  was  bought  for  $23.50  per 
1  000  ft.,  b.  m. 

Material  for  Concrete. — The  prices  paid  for  materials  for  concrete 
delivered  were  as  follows: 

Cement    $1.70  per  bbl. 

Sand    1.00  per  cu.  yd. 

Stone  1.70    "     "    " 

Cost  of  Labor. — The  wages  paid  to  the  men  engaged  on  the  work 
were  at  the  prevailing  rates,  and  were  as  follows,  for  an  8-hour  day: 

Bricklayers    $6.00 

Iron   workers 5.00 

Iron   workers   apprentices.  .  3.00  to  $4.00 

Carpenters 5.00 

Carpenter  foreman 7.00  to     8.00 

Dock  builders 4.00 

Water-proofers   4.25 

Eock    drillers 3.75 

Timber  men 2.50 

Timber   men   or   foreman.  .     3.00  to     3.50 

Painters   (structural) 2.25    "     2.50 

Painters    foreman 4.00    "     5.00 

Blacksmiths    4.50    "     6.00 

Blacksmiths'   helpers 3.20 

Machinists 3.50 

Lead   caulkers 4.50 

Labor  foreman 3.50  to     4.00 

Handy    man 2.50    "     3.00 

Laborers 2.00    "     2.25 

Painters   for   timber   work.     4.00 

General  foreman 8.00  to   10  00,  straight  time. 

Compressor   men 125.00  per  month. 

Hoisting   engineers 30.25  to  33.00  per  week. 

Watchmen    12.00    "   14.00  per  week. 

Total  Cost.— The  total  cost  of  the  work  done  by  the  contractors  was 
$10  273  636.98,  distributed  on  the  sections  as  follows : 
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Section. 
1 

2-A 
2-B 
3 

4-A 
5-A 
5-B 
5-C 
5-D 
6-A 
6-C 
7 

8-A 
8-B 
8-C 
10-B 
General 


Cost. 
$1  031  G78.Y6 
773  900.88 
656  784.27 
717  651.03 
692  453.22 
360  804.42 
325  669.73 
258  458.71 
187  341.30 
602  671.68 
1  488  380.41 
590  966.43 
854  004.07 
356  153.48 
108  601.83 
456  919.91 
Sll  196.85 


The  term  "General"  includes  charges  which  could  not  be  definitely 
distributed  on  the  various  sections.  The  contractors'  expenses  for 
engineering  and  superintendence  are  included  in  this  item,  and 
amount  to  $559  340.45,  or  about  5^%  of  the  total  cost. 

Cost  of  Steel  Erection. — The  cost  of  steel  erection  varied  greatly 
for  the  different  sections,  on  account  of  the  varying  difficulties  con- 
nected with  the  erection.  Table  2  gives  for  each  section  the  cost  of 
erecting  1  ton  of  steel  and  the  cost  of  shoring  per  ton  of  steel  erected. 

TABLE  2. — Cost  of  Erection. 


Section  No. 

Cost  of  erection,  per  ton. 

Cost  of  shoring,  per  ton. 

1 

$30.42 

$12.57 

2-A 

21.27 

.5.41 

2-B 

13.80 

1.50 

8 

43.71 

20.18 

4-A 

14.22 

0.88 

5-A 

.50.8.5 

20.61 

&-B 

39.62 

26.58 

5-C 

85.76 

5-D 

32.49 

6.49 

6-A 

28  70 

17.06 

6-C 

39.82 

10. .SO 

7 

93.01 

7.34 

8-A 

33.41 

15.33 

8-B 

8-C 

57.80 

13.90 

10-B 

105.24 

2.68 
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The  cost  of  raising  the  structure  in  Second  Avenue  and  125th 
Street,  as  described  under  Section  No.  5-B,  was  $6  812,  and  the  cost 
of  moving  the  tracks  between  133d  and  144th  Streets,  as  described 
under  Section  No.  6- A,  was  $8  474. 

As  an  example  of  the  cost  of  riveting,  etc.,  it  may  be  stated  that, 
on  Section  No.  6-C,  365  000  rivets  were  driven  at  the  cost  of  14.2 
cents  per  rivet,  including  overhead  charges.  There  were  four  men 
in  a  gang,  and  each  gang  averaged  172  good  rivets  for  an  8-hour  day. 
This  work  was  interfered  with,  on  account  of  the  train  traffic.  About 
.'525  000  holes  were  drilled  from  the  solid,  mostly  i|  in.  in  diameter, 
at  a  cost  of  15.1  cents  per  hole;  about  40%  of  these  holes  were  drilled 
in  new  steel  on  the  street  surface,  the  remainder  in  the  structure. 
About  115  000  old  rivets  and  bolts  were  cut  out  of  the  existing  structure 
at  a  cost  of  9.6  cents  each,  including  replacing  the  rivets  cut  out  with 
temporary  bolts. 

Cost  of  Placing  Foundations. — The  labor  charges  for  the  construe  - 
tion  of  the  foundations  varied  considerably,  according  to  whether 
the  new  foundations  were  at  new  locations  or  replaced  existing  founda- 
tions, and  also  according  to  the  sub-surface  structures  encountered. 
On  Section  No.  2-A,  for  example,  49  foundations,  each  containing, 
as  an  average,  15.8  cu.  yd.  of  concrete,  were  placed  at  new  locations 
at  $24.50  per  cu.  yd.,  including  all  excavation,  placing  of  sheathing, 
forms  and  concrete,  back-filling,  and  repaving.  Seventeen  foundations 
under  existing  columns  were  placed  at  a  cost  of  $37.00  per  cu.  yd., 
and,  in  addition,  the  cost  of  shoring  the  structure  amounted  to 
$210.36  for  each  foundation. 

On  Section  No.  5-A,  23  foundations,  each  containing,  as  an 
average,  20  cu.  yd.,  under  existing  columns,  were  placed  at  a  cost 
for  labor  of  $18.93  per  cu.  yd.,  and  the  charges  for  shoring  the 
structure  amounted  to  $255.77  for  each  foundation. 

On  Section  No.  5-B,  24  foundations,  each  containing  7.5  cu.  yd. 
of  concrete,  at  new  locations,  were  completed  at  a  cost  of  $22.47  per 
cu.  yd.,  or  a  total  of  $168.50  per  pier,  distributed  as  follows: 

J  Timekeeping    .  . . 
Storekeeping    .  . . .    , 
-    , ^.  ./    ,  y $21.02 

Material    checking 

General  foreman. 


Carried    fwd $21.02 
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Brt.   fwd $21.02 

Protections  4.00 

Sheathing   20.00 

IFaking  forms 4.00 

Placing       "      7.00 


Carpenter  work:    <( 


Labor : 


Stripping    "     3.40 

^  Repairing   "     6.00 

Excavating 50.80 

Concreting    9.90 

Back-filling    10.16 

,  Cleaning    up 5.00 


Watching 12.10 

Hauling    materials 15.12 


$168.50 


On  Section  No.  1,  50  foundations,  averaging  242  cu.  yd.  of  con- 
crete, under  present  columns,  were  placed  at  a  cost  of  $22.73  per 
cu.  yd.,  and  the  shoring  labor  cost  $133.43  per  column. 

The  labor  charges  for  moving  the  sub-surface  structures,  as  described 
under  Section  No.  2-A,  amounted  to  $21  760,  and,  as  described  under 
Section  No.  2-B,  to  $99  931. 

Cost  of  Track-Laying. — -.The  labor  cost  of  laying  center  track  on 
Section  No.  6-C  amounted  to  $1.90  per  lin.  ft.  of  straight  track  and 
$2.40  per  lin.  ft.  of  curved  track. 

On  Section  No.  2-A,  9  333  ft.  of  track  was  laid  at  a  total  cost  of 
$20  918.28,  or  $2.25  per  lin.  ft.,  and  on  Section  No.  2-B,  8  496.5  ft. 
of  track  was  laid  at  a  total  cost  of  $20  082.98,  or  $2.37  per  lin.  ft.; 
these  last  prices  include  the  railing  for  the  footwalks. 

Accounting. — The  method  of  accounting  for  the  expenditures  com- 
plying with  the  regulations  of  the  Public  Service  Commission  was 
as  follows ; 

Pay-rolls  rendered  weekly  by  the  contractors  were  checked  by  daily 
force  account  showing  the  men's  names,  numbers,  and  occupations. 
The  time  was  taken  by  timekeepers  of  both  the  contractors  and  the 
Company,  who  signed  the  sheets  each  day.  The  daily  average  reports 
also  appeared  on  the  time  sheets.  The  time  of  all  employees  was  also 
checked  in  the  field  by  the  representative  of  the  Public  Service  Com- 
piission. 
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Material  delivered  on  the  job  was  entered  on  daily  receiving  sheets, 
being  charged  directly  or  entered  into  stock  and  charged  to  the  job 
when  dravpn  out  on  warehouse  orders,  showing  the  job  number 
to  which  it  was  to  be  charged.  The  same  rule  as  to  distri- 
bution applied  to  the  direct  charge  reports;  all  reports  were  signed 
by  the  engineer  in  charge  or  a  duly  authorized  assistant.  Materials 
taken  into  stock  were  entered  on  a  monthly  stock  report  furnished 
by  the  contractor  and  checked  by  the  engineer. 

All  accounts  of  the  contractor  for  pay-rolls  and  material  received 
were  paid  for  through  a  voucher  system,  sent  to  the  engineer  for 
checking,  and  the  monthly  estimates  from  which  the  contractor  received 
his  compensation  were  made  up  from  the  vouchers. 

Accidents. 

In  addition  to  the  usual  hazards  connected  with  erecting  a  steel 
structure,  the  working  conditions  were  subjected  to  the  dangers  of 
frequent  and  fast-moving  trains  and  of  live  high-voltage  contact  rails. 
A  careful  record  was  kept  of  all  accidents  that  occurred  during  the 
work.  The  timekeepers  were  instructed  to  report  immediately,  on 
special  accident  report  forms,  all  accidents  that  occurred,  even  the 
most  trivial  ones.  During  the  whole  period  from  March,  1914,  to 
February  1st,  1916,  when  the  work  of  the  contractors  was  completed, 
there  was  reported  3  334  accidents,  out  of  which  26  were  fatal.  As 
there  had  been  in  that  time  1  060  000  single  man  working  days,  the 
average  amounted  to  1  accident  daily  per  318  men.  No  analysis  has 
as  yet  been  made  of  the  total  number  of  accidents,  but,  in  April,  1915, 
when  1  681  accident  reports  had  been  received,  which  is  practically 
one-half  of  the  total  number  of  reports  received,  an  analysis  was  made 
of  the  accidents  reported  up  to  that  time.  It  was  found  that,  as  an 
average,  an  accident  happened  daily  to  1  man  out  of  300  employed. 
Of  these  accidents  71%  did  not  cause  any  loss  of  time  to  the  employee 
hurt  and  88%  (which  includes  the  71%  mentioned)  returned  to  the 
work  in  2  weeks  or  less  from  the  time  of  accident.  Ten  accidents  were 
fatal. 

The  accidents,  in  accordance  with  their  general  character  and  their 
frequency,  may  be  classified  as  follows: 

Bruises,   sprains,   etc 40  per  cent. 

Cuts    34        " 
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Accidents  to  the  eye \-2  per  cent. 

Accidents  caused  by  projecting  niiils 0        " 

Fractures    4        " 

Burns    4        " 

Under  bruises,  sprains,  etc.,  are  included  all  accidents  resulting 
from  having  a  hand  or  foot  squeezed  by  materials  handled,  etc.  Under 
cuts  are  included  all  open  wounds,  particularly  those  inflicted  by  sharp 
tools.  Accidents  to  the  eye  include  mainly  small  particles  of  foreign 
matter  getting  into  the  eye.  The  accidents  under  the  headings,  "acci- 
dents caused  by  projecting  nails"  and  "fractures"  are  self-explanatory; 
the  accidents  under  the  heading  "burns"  were  chiefly  caused  by  short 
circuits  from  the  contact  rail. 

As  far  as  the  causes  of  the  accidents  are  concerned,  they  may  be 
classified  as  follows : 

Self-inflicted    accidents 56  per  cent. 

Accidents  caused  by  fellow  employees 33  " 

Accidents  caused  by  trains  and  street  cars 2  " 

Accidents    caused    by    material    dropping    from    the 

structure    4  " 

Accidents  caused  by  failure  of  plant 3  " 

Accidents  caused  by  short  circuit 2  " 

The  accidents  included  under  the  heading  "self-inflicted"  comprise 
all  such  accidents  as  were  caused  by  the  injured  persons  themselves, 
while  under  the  heading  "accidents  caused  by  fellow  employees"  are 
included  accidents  which  occurred  while  the  injured  persons  were 
working  in  conjunction  with  other  workmen.  The  other  headings 
explain  themselves,  except  the  expression  "failure  of  plant".  The 
greater  part  of  the  accidents  under  this  heading  are  such  as  were 
caused  by  the  slipping  of  a  ladder  or  the  blowing  out  of  the  snap 
of  a  riveting  hammer.  Properly  speaking,  such  accidents  are  as  much 
failure  of  plant  as  the  dropping  of  a  boom  or  the  breaking  of  a 
scaffold. 

The  following  means  were  used  to  prevent  accidents  as  far  as 
possible.  Every  employee,  before  his  services  were  accepted,  was 
examined  carefully  by  physicians,  retained  by  the  Company  for  the 
purpose,  to  assure  that  he  was  physically  fit  for  the  work ;  the  foremen 
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were  instructed  to  discharge  any  employee  showing  carelessness  and 
disregard  for  his  own  or  others'  safety;  employees  under  the  influence 
of  liquor  were  discharged  and  not  re-employed.  Flagmen  employed 
by  the  Company  and  not  by  the  contractors  were  stationed  at  all 
points  where  employees  were  on  or  near  the  running  tracks ;  their 
duty  was  to  see  that  all  workmen  were  clear  of  the  track  before  a 
train  was  permitted  to  pass.  Where  the  structure  was  of  unusual 
height,  canvas  or  wire  nets  were  stretched  under  it  at  the  points  of 
work.  All  metal  tools  used  in  the  vicinity  of  a  live  contact  rail  were 
wound  with  insulating  tape  to  minimize  the  danger  of  short  circuits. 

By  far  the  greater  number  of  accidents  happened  to  the  hands 
and  feet  of  the  employees  while  handling  material.  It  would  seem 
that  such  accidents  could  be  materially  reduced  if  only  the  employees 
could  be  persuaded  to  use  proper  caution.  There  is  another  class 
of  accidents,  which  includes  a  considerable  percentage  of  the  cases, 
the  prevention  of  which  may  be  more  definitely  charged  to  the  super- 
intendence. These  accidents  are  such  as  are  caused  by  loose  articles 
dropping  from  the  structure,  by  projecting  nails,  and  by  men  getting 
particles  into  their  eyes  when  drilling  steel  or  doing  similar  work. 
Loose  articles  should  be  secured,  or  picked  up  and  placed  in  proper 
receptacles;  projecting  nails  should  be  hammered  down  and  made 
harmless,  and  drillers  and  others  exposed  to  dust  should  wear  proper 
protections  for  the  eyes.  It  may  be  stated  that  inspections  as  rigid 
as  possible  along  these  lines  were  made  throughout  the  progress  of  this 
work. 

It  will  be  noted  that  during  the  first  half  of  the  work  accidents 
occurred  at  the  rate  of  one  a  day  for  each  300  men  working,  but, 
during  the  latter  half,  they  occurred  at  the  rate  of  one  a  day  for  each 
340  men  working.  Unless  this  in  itself  is  an  accident,  it  may  indicate 
that  the  experience  gained  during  the  work  decreased  the  chances  for 
accidents  occurring,  and  increased  the  knowledge  as  to  how  to  prevent 
them. 

During  the  work  26  fatal  accidents  occurred  to  men  engaged 
thereon,  one  of  which  happened  to  one  of  the  Company's  engineers, 
who  was  struck  by  a  train  while  performing  his  duties.  Some  of  the 
accidents  happened  while  the  employee  was  not  immediately  engaged 
on  his  w^ork,  and  not  a  single  one  happened  when  the  work  might  be 
considered  extra  hazardous;  in  fact,  very  few  accidents,  fatal  or  other- 
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wise,  happeiu'U  vvlicu  those  engaged  on  the  work  realized  that  special 
precautions  had  to  be  taken.  Here  it  may  be  mentioned  that  the 
phu'iiii:  of  the  three  spans  of  the  Harlem  Kiver  Bridge,  wliich  work 
was  done  during  the  night,  and  once  during  a  heavy  snow  storm,  was 
completed  without  a  single,  even  minor,  accident,  although  the  work, 
on  account  of  the  interruption  it  caused  to  traffic,  was  performed  at 
the  highest  possible  speed. 

Jn  addition  to  the  accidents  to  the  employees,  a  number  happened 
to  people  passing  in  streets  in  the  vicinity  of  the  work.  The  greater 
nmnber  of  these  were  caused  by  people  colliding  in  various  manners 
with  obstructions  in  the  streets.  Other  accidents  were  caused  by  mate- 
rial falling  from  the  structure.  The  actual  number  of  accidents  to 
people  in  the  streets  is  difficult  to  ascertain,  as  the  claim  that  an  accident 
had  hai)pened  did  not  always  necessarily  meaii  that  it  did.  There 
were  very  few  and  minor  aceidents  to  passengers  on  the  platforms  or 
in  the  trains. 

The  safety  of  the  people  in  the  street  was  provided  for,  as  far  as 
possible,  by  guarding  all  work  with  fences,  by  placing  warn- 
ing signs  on  all  obstructions,  and  by  stationing  flagmen  at  all 
points  where  their  services  might  be  of  value,  and  whenever  possible 
by  placing  canvas  protections  under  the  structure,  to  guard  against 
material  falling  to  the  street.  The  train  service  was  protected  by 
flagmen  provided  by  the  Company ;  their  duty  was  to  see  that  the 
line  was  clear  before  a  train  was  permitted  to  proceed. 

OiKIAMZATlOX. 

The  whole  work,  including  the  complete  design  and  all  the  field 
work,  was  done  under  the  direction  of  George  H.  Pegram,  President, 
Am.  Soc.  C.  E.,  Chief  Engineer  of  the  Interborough  Rapid  Transit 
Company,  and  was  carried  out  in  direct  charge  of  F.  W.  Gardiner, 
M.  Am.  Soc.  C.  E.,  Principal  Assistant  Engineer,  with  S.  Johannesson, 
JI.  Am.  Soc.  C.  E..  as  General  Assistant  Engineer.  11.  C.  Soest, 
Assoc.  M.  Am.  Soc.  C.  E.,  was  in  charge  of  the  field  work  of  Section 
No.  1 ;  H.  Leser,  Assoc.  M.  Am.  Soc.  C.  E.,  of  Sections  Nos.  2-A,  2-B, 
3,  and  4-A ;  :N[r.  P,.  O'Rourke  of  Sections  Nos.  5-A,  5-B,  5-C,  and  .5-D ; 
Mr.  J.  M.  Jorgeiisen  of  Sections  G-A  and  G-C ;  Mr.  O.  Whitman  of 
Sections  7.  S-C.  and  10-B ;  and  Mr.  B.  Ilelseth  of  Section  No.  8-A. 
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For  the  contractors,  Edward  J.  Govern,  M.  Am.  Soc,  C.  E.,  was  in 
general  charge  of  the  work.  Holton  D.  Robinson,  M.  Am.  Soc.  C.  E., 
was  the  contractor's  Engineer,  in  charge  of  the  work  done  by  the 
Terry  and  Tench  Company,  and  W.  P.  Rothrock,  M.  Am.  Soc.  C.  E., 
of  the  work  done  by  the  Snare  and  Triest  Company. 

It  may  be  stated  that,  throughout  the  work,  the  Engineers  of  the 
Public  Service  Commission,  as  well  as  the  Contractors,  co-operated 
with  the  Engineers  of  the  Company  to  bring  it  to  a  successful  finish, 
and  that  the  Transportation  Department  of  the  Company,  under 
Superintendent  S.  D.  Smith,  and  the  Maintenance  of  Way  Depart- 
ment, under  C.  E.  Carpenter,  M.  Am.  Soc.  C.  E.,  gave  valuable 
assistance  in  carrying  out  the  work. 
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Synopsis. 
This  paper  treats  of  a  new  method  of  diverting-  surface  water  and 
all  floating-  materials  carried  thereby  for  the  purpose  of  i^reventing  jams 
in  canals  and  rivers.     The  paper  also  shows  how  hydraulic  works  may 
he  designed  by  studying  the  performance  of  small-scale  models. 


Ice  Diversion. 

On  many  of  our  northern  rivers,  notably  the  Niagara  and  St. 
Lawrence,  there  is  an  immense  annual  crop  of  ice  which  must  be 
taken  care  of  in  one  way  or  another,  in  order  to  protect  the  various 
interests  along  the  shores  against  damages  resulting  from  shoves,  jams, 
and  heavy  runs. 

These  heavy  floes  consist  of  ice  in  all  its  forms  and  conditions, 
so  that  no  one  method  of  treatment  is  likely  to  be  entirely  effective 
against  all  of  them.  There  is,  however,  one  property,  more  or  less 
pronounced,  which  is  common  to  all  forms,  and  this  fact  is  available 
toward  a  general  solution  of  the  problem.  Ice  is  buoyant  unless 
weighted  down  by  heavier  solids,  such  as  stones  frequently  carried  by 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Frod'cdinfm.  and.  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  In  Tratisactions. 
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the  anchor  form.  Even  when  no  heavier  solids  are  carried,  there 
are  forms  of  such  spongy  character  that  the  water  contained  by  the 
interstices  produces  a  water-logged  variety,  which,  once  submerged, 
rises  to  the  surface  very  slowly. 

Some  years  ago  it  occurred  to  the  writer  tliat  the  proper  way  to 
divert  floating  materials  is  to  make  the  surface  currents  carry  them 
away,  rather  than  use  a  boom,  which,  in  reality,  opposes,  instead  of 
assists,  the  movement  of  floatage,  and  has  little  or  no  effect  at  all  on 
materials  suspended  below  the  surface  of  the  water.  Following  this 
line  of  thought,  a  patent  has  been  applied  for  which  covers  both 
method  and  means  for  effecting  a  diversion  of  floating  materials 
superficially,  and  a  diversion  of  water  sub-superficially,  so  that  all,  or 
nearly  all,  the  water  containing  ice  can  be  diverted,  in  one  direction, 
while  the  remainder  can  be  turned  into  another — as  into  a  power 
canal — practically  free  from  ice  and  all  other  floating  debris.  In 
addition,  it  is  possible  to  prevent  jams  and  to  control  the  surface 
currents  of  a  river  or  stream  so  that  it  will  be  capable  of  carrying 
off  all  floating  materials  as  fast  as  they  are  supplied  from  above,  or 
can  form  within  it. 

As  it  is  principally  the  surface  currents  which  carry  floating  mate- 
rials, it  will  be  possible  to  measure,  more  or  less  exactly,  the  trans- 
porting capacity  of  a  river  at  a  particular  place  by  means  of  the 
product  of  the  width  and  mean  surface  velocity  at  the  place.  For 
brevity,  this  product  may  be  called  tlie  "transportivity"  of  the  river 
at  the  given  place. 

The  transportivity  of  a  river,  then,  furnishes  a  test  of  the  probability 
of  a'  jam  or  congestion  of  ice  at  any  place.  If  it  be  foimd,  for 
example,  that  the  transportivity  of  a  stream,  relative  to  the  number 
of  square  feet  of  floatage  per  second  to  be  discharged,  is  great  at  one 
point  and  small  at  another  a  short  distance  below,  it  would  appear 
likely  that  a  jam  might  form  at  some  intermediate  place.  Such  a 
condition  would  exist  in  a  reach  of  a  river  which  consists  of  a  wide 
deep  pool  fed  by  a  broad  shallow  section  and  discharged  by  a  narrow 
deep  outlet  of  relatively  large  sectional  area.  Evidently,  the  pool  might 
be  supplied  with  floating  materials  more  rapidly  than  it  could  dis- 
charge them,  the  transportivity  of  the  feeder  being  much  greater  than 
that  of  the  outlet,  saying  nothing  of  any  ice  which  might  originate 
in  the  pool  itself. 
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The  forogoinp-  statement  is  not  based  merely  on  theory,  but  rests 
on  firmly  established  facts  connected  with  the  winter  conditions 
obtaining  on  our  northern  streams  generally. 

The  method,  then,  by  which  a  diversion  of  water  from  a  river  to 
a  power  canal  can  be  made,  while  all  the  ice  is  carried  away  by  the 
river  or  main  stream,  is  to  cause  the  river  to  have  a  high  surface 
transporting  capacity  in  the  vicinity  of  the  canal  intake  and  at  the 
same  time  reduce  to  small  ])roportions,  or  even  make  negative,  the 
transportivity  of  the  canal  intake  itself.  It  is  clear  that  no  material 
increase  in  its  likelihood  to  jam  below  the  intake  will  resvdt  by  reason 
of  this  arrangement. 

Fig.  1  shows  the  writer's  method  and  means  for  securing  this 
important  result.  A  model  of  au  actual  river  has  been  constructed 
to  a  scale  of  one-hundredth  the  full  size.  This  reach  is  marked  SS', 
and  shows  the  water  flowing  from  right  to  left.  The  ice,  represented 
by  cakes  of  paraffin  cut  to  scale,  flows  with  the  surface  water.  The 
intake  of  the  canal  is  shown  at  C.  In  this  particular  instance,  the 
entrance,  or  intake,  of  the  canal,  is  too  widf,  and  the  first  step  toward 
reducing  the  transportivity  of  the  intake  is  to  introduce  a  jetty,  B, 
extending  part  way  across  the  opening.  The  transportivity  of  the 
intake  may  now  be  further  reduced  by  dredging,  or  otherwise  excavating, 
several  channels  in  a  transverse,  or  oblique,  direction  across  the  main 
stream  and  leading  toward,  to,  or  even  into,  the  intake  of  the  canal. 
As  the  channels-  must  be  separated  by  ridges,  or  other  elevations, 
between  them,  the  transportivity  of  the  main  stream  will  not  be  altered 
materially  if  the  crests  of  the  ridges  are  left  at  the  original  surface 
of  the  bed  of  the  stream.  This  condition  must  maintain  because  the 
effective  transverse  cross-section  of  the  main  stream  has  not  been 
altered  materially  though  the  effective  transverse  cross-section  of  the 
intake  has  been  enlarged  to  any  desired  extent.  If  it  should  be  required 
to  increase  the  transportivity  of  the  main  stream,  the  ridges  may  be 
built  to  any  desired  elevation  higher  than  the  original  bed.  This  joint 
control  of  the  surface  transporting  capacities  of  stream  and  canal 
intake  can  be  exercised  by  adjusting  proportions  ad  libitum. 

In  many  cases  it  will  be  found  necessary  to  provide  a  wing,  W, 
to  prevent  materials  from  floating  into  the  intake  around  the  up-stream 
head,  and  it  may  be  of  advantage  to  construct  a  jetty,  D,  extending 
from   the  shore  opposite  the  intake,  or  to   build  some  other  kind  of 
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structure  for  the  purpose  of  narrowing  the  main  stream  in  the  vicinity 
of  the  intake,  the  object  being  to  concentrate  the  surface  water  of 
the  river  over  the  diversion  channels  or  ridges,  thus  reducing  the  length 
of  the  channels,  and  consequently  also  the  excavation  and  ridge  con- 
struction. 

It  may  be  further  explained  that  so  many  transverse  channels  and 
ridges  will  not  always  be  required,  though  the  locations  and  dimensions 
of  the  jetties,  wings,  channels,  ridges,  or  other  elements  for  effecting 
a  separation  of  the  ice  and  canal  water,  must  be  determined  in  each 
particular  instance  by  careful  theoretical  study  most  effectively  aided 
by  digesting  the  results  of  tests  on  models.  As  an  illustration  of  such 
a  change  from  the  conditions  shown  in  Fig.  1,  the  writer  may  refer 
to  Fig.  2,  wherein  the  jetty,  D,  has  been  removed.  The  illustration 
shows  the  result  of  a  test  with  the  same  hydraulic  conditions  as  in 
Fig.  1,  the  ice  diversion  being  nearly  as  satisfactory,  but  the  wing,  W , 
requires  considerable  more  extension  into  the  channel  of  the  main 
stream.  This  would  be  objectionable  if  navigation  would  be  seriously 
impaired  thereby. 

The  writer  has  a  theory  for  the  design,  construction,  and  operation 
of  such  an  ice  and  water  separating  and  diverting  works,  but  will 
not  enter  into  many  details  for  the  present,  as  it  would  tend  to  distract 
the  technical  reader's  attention  from  the  main  principles  and  facts 
established,  and  might  be  subject  to  some  criticism  by  persons  less 
accustomed  to  formal  methods  of  thought  and  research.  However,  it 
may  be  permissible  to  explain  briefly  the  operation  of  the  sub-surface 
diversion  channels  and  ridges. 

It  is  evident  that  water  must  flow  from  the  main  stream  to  the 
divergent  canal,  if  there  is  any  draft  by  consumers  along  the  canal. 
This  will  cause  a  greater  or  less  tendency  for  all  parts  of  the  water 
in  the  main  channel  and  diversion  channels  to  flow  toward  the  canal, 
as  the  water  consumed  or  otherwise  taken  from  the  latter  would  natu- 
rally cause  a  fall  of  the  water  surface  at  the  intake  within  the  canal, 
and  this  would  leave  a  surplus  head  or  pressure  of  water  at  all  parts 
in  the  main  stream  and  diversion  channels  toward  the  intake. 

The  water  in  the  main  current,  however,  is  flowing  rapidly  down 
the  main  channel  because  of  the  restricted  cross-section  in  that  direc- 
tion, and  the  water  in  the  transverse  diversion  channels  is  not,  as 
it  can  have  no  component  motion  of  any  consequence  at  right  angles 
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to  the  direction  of  the  adjacent  ridges.  Tlie  water  in  the  transverse 
oblique  cliannels,  between  the  ridges  and  below  their  crests,  can 
flow  with  facility  only  in  the  direction  of,  or  toward,  the  intake  of 
the  divergent  canal,  which  it  does. 

Not  so  with  the  water  at  or  near  the  -surface  of  the  main  stream 
at  places  which  are  not  below  the  crests  of  the  ridges.  This  water 
does  tend  to  move  toward  the  intake,  but  only  by  reason  of  divergent  or 
transverse  accelerations  which  cause  the  main  currents  above  the 
ridges  to  become  more  or  less  curved  and  concave  toward  the  intake. 

If  the  widths  of  the  main  stream  and  intake,  the  elevations  of  the 
crests  of  the  ridges,  the  depths  of  the  transverse  channels,  and  the 
geographical  configuration  of  earth  and  water  in  the  vicinity  of  the 
intake  have  received  proper  attention  with  a  view  to  design,  alteration, 
construction,  and  operation,  the  surface  currents  of  the  main  stream 
will  not  be  impelled  toward  the  intake  sufficiently  to  cause  any  of 
the  water  at  the  surface  to  move  into  the. intake  and  down  the  canal 
while  it  is  at  the  surface. 

It  is  a  fact  that  the  writer's  method  and  invention  put  the  forces 
indicated  by  this  theory  into  actual  operation  and  furnish  a  means 
for  constructing  and  operating  the  intake  of  the  canal  and  main 
channel  in  the  vicinity  of  the  intake,  so  that  no  surface  water,  and 
therefore  no  floatage,  will  enter  the  canal  from  the  main  stream. 
With  sufficient  intelligent  application  of  the  theory,  the  surface  trans- 
portivity  of  the  intake  can  actually  be  made  negative,  so  that  the 
surface  of  the  water  will  flow  outwardly  therefrom  into  the  main 
stream,  the  canal  receiving  a  sufficient  supply  of  water  from  tlie  sub- 
surface or  lower  portions  of  the  main  stream  to  take  care  of  the 
combined  requirements  of  the  canal  and  negative  currents. 

This  effect  can  be  produced  with  more  or  less  intensity  by  making 
what  may  be  called  a  sub-surface  diversion  of  water  to  the  canal 
from  the  lower  portions  of  the  main  stream  in  greater  quantity  than 
would  be  necessary  simply  to  supply  the  water  required  for  the  canal. 
The  result  of  this  is  that  the  excess  water  diverted  sub-superficially 
must  cause  a  counter  or  compensating  current  flowing  outwardly  from 
the  intake  into  the  main  stream. 

Fig.  3  shows  how  the  intake  performs  when  ice  is  scattered  all 
over  the  river.  It  may  be  remarked  that  the  density  of  paraffin  is 
only  a  trifle  less  than  that  of  the  heaviest  ice,  and  about  the  same  as 
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that  of  tlie  lightest.  When  the  cakes  of  paraffin  have  been  used  for  a 
time  they  become  covered  with  particles  of  dirt  and  grains  of  sand 
adhering-  to  the  faces,  whicli  have  the  effect  of  increasing  their  weight. 
It  will  be  observed  that  no  juiraffin,  and  therefore  no  ice,  enters  the 
canal. 

Fig.  4  sliows  the  effect  of  plugging  the  down-stream  ends  of  the 
diversion  channels.  Nearly  all  ice  passing  near  the  wing  enters  the 
canal,  but  it  will  be  noticed  that  ice  which  chances  to  be  over  the 
unobstructed  parts  of  the  channels  is  not  drawn  into  the  canal  but 
passes  on  down  the  main  stream,  away  from  the  intake,  beyond  the 
influence  of  the  canal  draft.     This  is  all  clearly  shown  in  the  figure. 

Fig.  5  shows  the  result  obtained  when  the  channels  are  completely 
obstructc^d  by  filling  them  with  clay  to  the  original  elevation  of  the 
bed  of  the  river.  Here  all  the  ice  placed  in  the  river  at  the  wing 
passes  into  the  canal. 

Fig.  C}  shows  the  operation  of  the  intake  in  its  natural  condition, 
without  diversion  channels,  ridges,  or  wings.  The  outlines  of  the 
diversion  channels  show  in  the  illustration  because  the  clay  with 
which  they  are  filled  differs  in  color  from  the  saw-dust  concrete 
out  of  which  the  bed  of  the  river  was  constructed.  A  large  proportion 
of  river  ict? — more  than  half  on  the  average — enters  the  canal. 

Performance  of  Models. 

The  writer  has  experimented  with  small-scale  hydraulic  models 
several  times.  His  conclusion  concerning  this  matter  is  that  models 
perform  in  much  the  same  way  as  the  full-size  prototype.  In  fact, 
there  was  nothing  in  the  results  of  the  experiments  to  indicate  that 
they  did  not  perform  exactly  as  their  prototypes.  These  statements 
apply  eciually  to  hydraulic  models  of  all  kinds,  whether  they  be  of 
macliines,  such  as  water-wheels  and  pumps;  of  structures,  such  as 
overflow  dams,  weirs  and  spillways ;  of  sections  of  an  actual  river  or 
canal ;  or  of  ships. 

If,  for  example,  a  model  of  a  section  of  a  river  has  been  constructed 
of  sufficient  size  to  prevent  undue  influences  from  proiDerties  of  the 
fluid  and  materials  which  do  not  change  by  proper  amounts  with  a 
change  of  scale,  for  example,  viscosity,  surface  tension,  etc.,  it  will 
be  found  that  the  model  performs  almost  exactly  as  the  real  section 
of  river.     Velocities,  direction  of  flow,  slopes  of  water  surfaces,  con- 


rupers.J  i(i:    DIVKKSIOX    AND    llVDUAl  l.lL    .MUUKL.S  2249 

figuration  of  eddies  and  bends,  are  all  repeated  in  the  model  with 
great  fidelity,  sniijjosing,  of  course,  tliat  the  model  lias  been  accurately 
constructed  and  that  we  understand  what  is  meant  by  mechanical 
similarity,  as  well  as  by  geometrical  similarity. 

In  the  case  of  hydraulic  models,  it  can  be  shown  that  homologous 
velocities  in  models  of  different  size  nmst  be  proportional  to  the 
square  roots  of  homologous  linear  dimensions.  When  the  quantities 
of  water  have  been  properly  adjusted  to  comply  with  this  requisite, 
it  may  be  said  that  the  mechanical  and  hydraulic  conditions  in  the 
two  models  are  mechanically  and  hydraulienlly  similar,  just  as  the 
configurations  of  fluids  aJid  solids  in  the  models  are  geometrically 
similar. 

This  requirement  of  mechanical  and  hydraulic  similarity  has  cer- 
tainly been  overlooked  in  some  of  the  most  important  tests  of  models. 
Its  neglect  has  led  to  the  belief  among  many  that  models  cannot  be 
relied  on,  except  as  a  means  leading  to  rough  approximations  of  doubtful 
value.  Perhaps  the  tests  of  model  water-wheels  afford  the  most  striking 
example.  So  far  as  the  writer  is  aware,  little  heed  has  been  taken 
to  see  that  model  water-wheels  are  tested  under  the  proper  heads;  or, 
what  is  the  same  thing,  if  the  head  is  fi.xed,  as  at  Holyoke,  that  the 
size  of  the  model  wheel  is  properly  proportioned  to  the  head.  This  is 
saying  nothing  at  all  of  the  setting  of  the  model  water-wheel,  which 
frequently  bears  no  resemblance  to  the  full-size  setting. 

Suppose,  for  example,  that  a  water-wheel  110  in.  in  diameter  is  to 
be  erected  on  a  water  fall  of  180  ft.  If  the  test  is  to  be  of  a  model 
operated  under  16.5  ft.  fall,  then  the  diameter  of  the  model  should 
be  only  about  10  in.,  as  the  head  for  the  model  is  only  about  the 
eleventh  part  of  the  total  fall  of  water  at  the  water  fall.  In  short, 
the  actual  fall  and  that  in  the  model  must  be  in  the  same  ratio  as 
the  linear  dimensions  of  the  homologous  parts  of  the  water-wheel  and 
its  model.  It  is  this  important  requirement  which  is  frequently  lost 
sight  of.  .As  wheels  of  30  in.  or  more  are  usually  tested,  it  can  be 
easily  inferred  that  a  test  on  such  a  size  would  result  in  too  high  a 
value  for  the  efficiency  in  the  case  cited. 

If  the  surfaces  of  the  water  passages  in  the  model  are  made  suffi- 
ciently smooth  to  represent  correctly  the  homologous  parts  of  the 
actual  passages,  the  actual  wheel  and  its  model  should  perform  alike. 
It  can  be  shown  that  this  simply  imposes  the  condition  that  the  resist- 
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ances  to  the  flow  of  water  over  the  homologous  areas  vary  jointly  as 
the  homologous  areas  and  the  squares  of  the  homologous  velocities. 
This,  we  know,  is  nearly  realized  in  practice.  It  follows  that  the 
foregoing  statements  are  substantially  correct. 

The  fact  that  homologous  velocities  must  be  proportional  to  the 
square  roots  of  homologous  linear  dimensions  is  a  fortunate  matter, 
when  the  model  is  to  be  on  a  very  small  scale.  Otherwise,  the  velocities 
in  the  model  might  be  so  small  that  they  would  not  exceed  Reynold's 
critical  velocity,  and  thus  the  requirement  of  mechanical  similarity 
would  not  be  realized. 
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In  1897  a  "Historical  Sketch  of  the  American  Society  of  Civil  En- 
gineers" by  the  writer  was  published  by  the  Society.  This  was  issued 
in  book  form  only,  and  a  limited  number  sold,  the  proceeds  being 
turned  over  to  the  Building  Fund  for  the  Fifty-seventh  Street  House. 
At  the  Washington  Convention,  in  1902  (the  Fiftieth  Anniversary  of 
the  Society),  he  briefly  sketched  the  development  of  the  intervening 
years.  These,  so  far  as  known,  form  the  only  attempt  at  a  connected 
account  of  the  activities  of  the  Society. 

During  the  past  quarter  century  many  things  have  happened,  and 
much  has  been  accomplished  of  which  there  is  no  convenient  and 
readily  accessible  record.  It  is  true  that  much  material,  in  a  more 
or  less  fragmentary  form,  may  be  found  scattered  through  the  250 
monthly  numbers  of  Transactions  and  Proceedings  published  dur- 
ing that  period,  but,  even  if  they  are  all  accessible  in  bound  form,  more 
effort  and  time  are  necessary  to  get  at  the  facts  than  the  busy  engineer 
can  afford. 

In  addition  to  this,  the  growth  has  been  so  rapid  tliat  only  646 
(about  7i%)  of  the  present  membership  of  8  544  were  connected  with 
the  Society  at  the  beginning  of  this  period.  It  should  be  remembered 
also  that  the  rate  of  increase  in  membership  has  been  so  much  greater 
during  the  latter  part  of  this  period,  that  5  137  (more  than  65%  of  the 
increase)  have  joined  within  the  last  ten  years. 


2252  TWKXTY-FTVE    YEARS    OF    SOCIETY    ACTIVITIES  [Papers. 

With  full  recognition  of  the  fact  that  statistical  matter  and  figures 
are  more  useful  in  a  printed  than  in  a  spoken  record,  it  is  intended  to 
place  before  you  this  evening  as  briefly  as  possible  the  things  which 
appear  to  be  most  interesting,  and  of  which  the  membership  in  gen- 
eral has  little  if  any  information. 

Early  IIistouy. 

The  American  Society  of  Civil  Engineers  was  inaugurated  at  a 
meeting  held  in  the  office  of  the  Croton  Aqueduct  Department,  Ro- 
tunda Park,  New  York  City,  on  Friday,  November  5th,  1852.  At  this 
meeting  12  Engineers  were  present.  Alfred  W.  Craven,  Chief  Engineer 
of  the  Croton  Aqueduct,  presided.  The  first  Constitution  (adopted 
December  1st,  1852)  declared  the  object  of  the  Society  to  be: 

"The  professional  improvement  of  its  members,  the  encouragement 
of  social  intercourse  among  men  of  practical  science,  the  advancement 
of  engineering  in  its  several  branches,  and  of  architecture,  and  the  es- 
tablishment of  a  central  point  of  reference  and  union  for  its  members." 

The  circular  issued  at  that  time  stated : 

"Civil,  geological,  mining,  and  mechanical  engineers,  architects, 
and  other  persons  who,  by  profession,  are  interested  in  the  advance- 
ment of  science,  shall  be  eligible  as  members. 

"It  is  anticipated  that  the  union  of  the  three  branches  of  civil  and 
mechanical  engineering  and  architecture  will  be  attended  by  the  hap- 
piest results,  not  with  a  view  to  the  fusion  of  the  three  professions  in 
one;  but  as  in  our  country,  from  necessity,  a  member  of  one  profession 
is  liable  at  times  to  be  called  upon  to  practice  to  a  greater  or  less  extent 
in  the  others,  and  as  the  line  between  them  cannot  be  drawn  with  pre- 
cision, it  behooves  each,  if  possible,  to  be  grounded  in  the  practice  of 
the  others;  and  the  bond  of  union  established  by  membership  in  the 
same  Society,  seeking  the  same  end,  and  by  the  same  means,  will,  it  is 
hoped,  do  much  to  quiet  the  unworthy  jealousies  which  have  tended  to 
diminish  the  usefulness  of  distinct  societies  formed  heretofore  by  the 
several  professions  for  their  individual  benefit." 

The  first  professional  meeting  was  held  on  January  5th,  1853.  Dur- 
ing 1853  and  1854,  fourteen  meetings,  with  an  average  attendance  of 
six,  were  held,  all  in  the  office  of  the  Croton  Aqueduct  Department. 
There  is  no  record  of  any  meeting  after  that  of  March  2d,  1855,  at  which 
the  question  of  the  securing  of  quarters  was  considered  and  the  Society 
adjourned,  until  October  2d,  1867,  when  a  meeting  was  held  at  the  office 
of   C.   W.    Copeland,    171    Broadway,    New   York    City,   at   which   the 
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Minutes  of  the  JMeoting^  of  March  2d,  1855,  were  accepted,  and  the 
object  of  tlie  meeting  stated  to  be  ''to  take  such  steps  as  might  be 
necessary  to  resuscitate  the  Society." 

Society  Headquarters. 

The  result  of  this  was  that  the  first  home  ol  llie  Society  was  in 
rooms  in  the  Chamber  of  Commerce  Building,  G3  William  Street, 
New  York  City,  where  the  First  Annual  Meeting  was  held  on  Novem- 
ber Gth,  18G7. 

In  1871  the  quarters  in  AVilliam  Street  were  enlarged  by  the  rent- 
ing of  additional  rooms,  and  on  May  1st,  1875,  new  quarters  were 
secured  on  the  southeast  corner  of  Broadway  and  Twenty-third  Street. 

On  May  1st,  1877,  the  Society  moved  into  a  house.  No.  104  East 
Twentieth  Street,  which  it  rented. 

In  April,  1881,  a  dwelling  house,  No.  127  East  Twenty-third  Street, 
was  purchased,  the  first  meeting  being  held  there  on  May  4th,  1881, 
and  it  is  of  interest  to  note  in  passing  that  one  of  the  Founder  Socie- 
ties— The  American  Institute  of  Electrical  Engineers — came  into  being 
at  a  meeting  held  in  that  house  on  May  13th,  1884. 

This  house  was  occupied  until  1896,  when  two  lots,  Nos.  218  and 
220  "West  Fifty-seventh  Street,  with  a  total  frontage  of  50  ft.,  were 
acquired,  and  building  operations  started  in  December,  189G,  in  charge 
of  a  Building  Committee  consisting  of  George  A.  Just,  Charles 
Sooysmith,  Bernard  R.  Green,  George  H.  Browne,  William  R.  Hutton, 
Joseph  M.  Knap,  T.  C.  Clarke,  and  Chas.  Warren  Hunt. 

The  new  house  was  completed  and  formally  opened  on  November 
24th,  1897. 

Owing  to  the  growth  of  the  Society,  an  additional  25-ft.  lot,  im- 
mediately adjoining  the  Society  House,  was  purchased  in  1904,  and  a 
50%  addition  to  the  house  was  built.  This  addition  was  completed  in 
the  latter  part  of  1905,  and  was  first  used  at  the  Annual  Meeting  of 
January  17th,  1906.  The  Building  Committee  in  charge  of  this  work 
consisted  of  Alfred  Noble,  S.  L.  F.  Deyo,  Nelson  P.  Lewis,  and  Chas. 
Warren  Hunt. 

The  Society  property  then  consisted  df  a  plot  of  75  ft.  frontage  on 
Fifty-seventh  Street,  varying  in  depth  from  about  107  ft.  on  the  east,  to 
about  117  ft.  on  the  west.  The  House  was  a  4-story  and  basement,  fire- 
proof structure,  the  two  lower  floors  covering  the  entire  plot,  and  the 
two  upper  floors  only  the  front  portion.     The  first  floor  contained  a 
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spacious  foyer  and  three  offices,  one  of  which  was  used  for  the  office 
of  the  Secretary.  There  was  a  large  room  in  the  rear  called  a  Loung- 
ing Room,  its  use  being  principally  for  informal  and  social  meetings. 
The  main  stairway  gave  access  to  the  second  floor  on  which  there  were 
in  the  front  a  large  Reading  Room,  and  in  the  rear  an  Auditorium 
with  a  seating  capacity  of  500.  The  third  floor  was  devoted  entirely 
to  the  office  force,  and  the  top  floor  to  a  double  tier  of  book  stacks 
with  sufficient  capacity  for  about  150  000  volumes,  and  with  space 
for  considerable  enlargement.  The  building  was  a  dignified  and 
commodious  one,  and,  having  been  specially  designed  for  the  use  of  the 
Society,  proved  itself  adequate  in  every  way,  and,  with  certain  addi- 
tions which  could  have  been  made  at  any  future  time  for  the  increase 
of  space  available  for  office  and  stack-room  purposes,  undoubtedly 
would  have  been  ample  for  the  use  of  the  Society  for  many  years  to 
come.  The  total  amount  expended  by  the  Society  for  the  lots  and 
building  was,  in  round  numbers,  $360  000. 

In  February,  1903,  Mr.  Andrew  Carnegie  offered  to  give  $1  000  000 
to  erect  a  suitable  union  building  for  the  American  Society  of  Civil 
Engineers,  the  American  Society  of  Mechanical  Engineers,  the  Ameri- 
can Institute  of  Mining  Engineers,  the  American  Institute  of  Electrical 
Engineers,  and  the  Engineers  Club.  This  offer  was  very  carefully 
considered  by  this  Society,  and  submitted  to  a  referendum  vote  of 
the  entire  Corporate  Membership,  the  arguments  for  and  against  its 
acceptance  being  set  out  in  an  impartial  manner.  The  result  was  that 
the  membership  decided,  by  a  vote  of  1  139  to  662,  not  to  accept  the  offer. 

The  other  organizations  mentioned  accepted.  The  amount  donated 
by  Mr.  Carnegie  was  increased  to  $1 500  000,  the  result  being  the 
Engineering  Societies  Building,  Nos.  29-33  West  39th  Street,  and  the 
Engineers  Club,  32  West  40th  Street.  The  fund  was  divided  as  follows : 
to  the  three  Engineering  Societies,  $1  050  000,  to  the  Engineers  Club, 
$450  000. 

In  1914  the  entire  property  of  the  United  Engineering  Society  con- 
sisting of  a  structure  of  thirteen  stories,  built  with  the  funds  provided 
by  Mr.  Carnegie  on  property  purchased  by  the  three  Founder  Societies, 
had  been  cleared  of  debt. 

There  was,  however,  a  strong  feeling  among  those  prominently  iden- 
tified with  the  activities  of  the  three  Founder  Societies  that  this  build- 
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ing  could  not  he  considorod  a  strictly  representative  Professional 
Headquarters  until  it  housed  also  the  oldest  of  the  National  Societies. 

After  several  i^reliminary  discussions  of  the  matter  l)y  individuals, 
on  June  9th,  1915,  an  informal  meeting  of  members  of  all  the  National 
Engineering  Societies  interested  in  the  question  of  co-operation  of  the 
various  branches  of  the  Profession  was  held,  and,  as  a  result  of  this 
meeting,  the  matter  was  taken  up  by  the  Board  of  Direction  of  this 
Society,  and  Clemens  Herschel,  Robert  Ridgway,  and  Chas.  Warren 
Hunt,  were  appointed  a  Committee  to  consider  the  question  of  a  pos- 
sible amalgamation  in  an  Engineering  Headquarters.  Charles  F. 
Loweth,  Hunter  McDonald,  George  F.  Swain,  and  John  A.  Ockerson 
were  subsequently  added  to  this  Committee,  and  the  Board  of  Direc- 
tion, under  date  of  February  1st,  191G,  laid  the  whole  matter  before 
the  Corporate  Membership  of  the  Society  for  a  referendum  vote.  The 
letter-ballot  on  this  question  was  canvassed  on  June  15th,  1916,  the 
result  being  2  500  in  favor  of  the  acceptance  of  the  offer  of  the  three 
Founder  Societies  to  390  against  it. 

This  offer,  briefly  stated,  was  as  follows : 

That  a  three-story  addition  be  made  to  the  Engineering  Societies 
Building  at  a  cost  estimated  at  $225  000,  and  not  to  exceed  $250  000. 
That  the  American  Society  of  Civil  Engineers  should  pay  for  this  addi- 
tion, if  the  cost  did  not  exceed  the  latter  figure,  but  that  if  that  cost 
exceeded  $250  000  the  additional  expense  should  be  borne  by  the  United 
Engineering  Society.  That  the  American  Society  of  Civil  Engineers 
would  then  become  an  equal  owner  in  the  whole  enlarged  property  on 
the  same  terms  as  each  of  the  three  original  Founder  Societies,  and 
would  occupy  as  much  space  as  it  might  need  on  two  of  the  additional 
floors. 

Immediately  afterward  the  Board  of  Direction  accepted  in  due  form 
the  invitation  of  the  Founder  Societies  in  behalf  of  the  Society,  and 
Clemens  Herschel,  J.  V.  Davies,  and  Chas.  Warren  Hunt,  were  ap- 
pointed a  Committee  with  power  to  carry  out  the  agreement. 

This  agreement  was  ratified  at  a  meeting  of  the  United  Engineering 
Society  on  August  10th,  1916.  Work  was  begun  on  the  necessary  pre- 
liminary structural  work  on  August  1st,  1916,  under  the  supervision 
of  a  Building  Committee  consisting  of  one  representative  from  each  of 
the  Founder  Societies  as  follows:  II.  H.  Barnes,  Jr.,  E.  Gybbon  Spils- 
bury.  Chas.  F.  Band,  and  Chas.  Warren  Hunt. 
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Owing  to  the  general  conditions  of  labor  and  material,  the  cost  of 
the  addition  to  the  building,  which  it  was  thought  in  1915  was  amply 
provided  for,  with  all  contingencies  taken  care  of,  in  the  estimate  of 
$225  000,  was  found  to  be  at  least  $50  000  in  excess  of  the  limiting 
figure,  or  $300  000.  This  additional  cost  has  been  borne  equally  by  the 
four  Founder  Societies. 

The  total  share  of  this  Society,  therefore,  has  been  $262  500,  which, 
together  with  certain  additional  expenses  in  fitting  up  the  new  quarters, 
cost  of  new  furniture,  and  moving,  will  bring  the  total  expense  of  our 
change  of  headquarters  to  approximately  $280  000. 

The  addition,  as  before  stated,  consists  of  three  stories.  The  four- 
teenth floor  will  be  used  as  a  stack-room  for  the  United  Engineering 
Library,  headroom  for  a  double  tier  of  stacks  having  been  provided.  A 
report  of  the  writer  to  the  Board  describes  our  new  quarters,  as  follows : 

"The  lay-out  of  the  floors  to  be  occupied  by  this  Society  was  made 
by  the  writer  with  a  view  to  utilizing  every  available  foot  of  space  and 
to  secure  good  light.  This  was  the  more  necessary  inasmuch  as  the 
floor  area  of  these  two  floors  is  much  less  than  that  of  the  lower  floors. 

"Briefly,  the  Society  will  occupy  the  entire  15th  floor,  and  about 
two-thirds  of  the  16th  or  top  floor.  In  all  there  are  eleven  main  rooms. 
On  the  15th  floor  there  are : 

"(1)  The  office  of  the  Secretary,  entrance  to  which  is  at  the  right 
of  the  elevators. 

"(2)  The  Reading  Room,-  directly  opposite  the  elevator,  the  en- 
trance to  which  will  be  the  main  entrance  to  the  Society  Rooms.  This 
room  is  51  by  26  ft.  and  looks  out  over  Bryant  Park  to  the  north.  It 
is  panelled  in  oak,  and  when  used  by  our  members,  in  connection  with 
the  Library,  will,  it  is  believed,  practically  take  the  place  of  the  old 
Reading  Room  in  Fifty-seventh  Street. 

"(3)  The  Board  Room.  This  room,  which  is  43  by  24  ft.  is  on  the 
south  side  of  the  building,  directly  opposite  the  Reading  Room,  a  6-ft. 
hallway  separating  them.  This  room  is  panelled  in  mahogany,  and  the 
furniture  for  it,  which  has  been  specially  designed,  is  also  of  mahogany, 
and  consists  of  4  tables  and  30  chairs.  The  tables  are  designed  so  that 
they  can  be  placed  together  making  a  table  24  by  6  ft.,  or  can  be  sepa- 
rated and  used  as  units  6  by  6  ft.;  and,  when  necessary,  can  be  made 
into  tables  6  by  3  ft.  to  set  against  the  wall  and  take  up  very  little  room. 
In  the  partitions  between  these  rooms  and  the  hallway,  two  8-ft.  open- 
ings, opposite  each  other,  with  sliding  doors,  have  been  arranged,  so 
that  the  two  rooms  can  be  thrown  together,  practically  forming  one 
large  room  averaging  57  by  47  ft. 
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'*(4)  General  Office.  A  large  room  covering  the  east  side  of  the 
building,  59  by  37  ft.  Here  will  be  located  the  general  office  force.  A 
service  stairway,  which  will  practically  be  a  private  stairs  for  this 
Society,  gives  access  to  the  16th  floor,  where,  on  the  east  side  of  the 
building,  there  are  four  small  offices,  one  of  which  (5)  is  to  be  used  as 
a  IJest  Room  for  women;  ((I)  for  the  Bookkeeper;  (7)  Editorial  De- 
partnuMit ;  (8)  xVpplications  Department.  Three  other  large  rooms  are 
available  for  Conmuttee  Kooms,  or  whatever  use  may  develop  in  the 
future.  They  are  (9)  24  by  20  ft.,  (10)  22  by  24  ft.,  (11)  36  by  23  ft.— 
these  figures  being  approximate. 

"A  doorway  in  the  hall  separates  that  part  of  the  16th  floor  to  be 
used  by  the  Society  from  three  rooms  which  are  available  for  renting 
by  the  United  Engineering  Society,  and  to  which  access  is  obtained 
through  the  elevator  and  hallway  without  passing  through  the  quarters 
of  the  Soci«^ty." 

Library. 

Immediately  after  the  foundation  of  the  Society,  on  January  5th, 
1853,  a  circular  was  ordered  to  be  forwarded  to  "All  men  in  charge  of 
public  works,  asking  for  printed  reports,  maps,  plans,  etc.,  in  order  to 
start  an  Engineering  Library  in  connection  with  the  Society."  There 
is  no  record  as  to  the  response  to  this  circular,  but,  naturally,  very 
little  in  the  way  of  a  Library  could  be  secured  until  some  place  was 
provided  in  which  the  books  could  be  cared  for,  and  it  was  not  luitil 
headquarters  wore  first  established,  in  1867,  that  the  Library  really  had 
a  start.  After  that  its  growth  was  quite  rapid,  when  one  considers  that 
practically  no  books  were  purchased,  the  accessions  being  entirely  the 
result  of  donations.  Several  large  additions  were  received  in  the  suc- 
ceeding years,  notably,  in  1872,  one  from  William  Young  Arthur, 
M.  Am.  Soc.  C.  E.,  and  in  1873  one  from  William  J.  MeAlpine,  Past- 
President,   Am.    Soc.   C.   E. 

The  Annual  lieport  of  the  Board  of  Direction  for  1873  gave  the  total 
contents  of  the  Library  as  3  433. 

In  1873  a  special  committee  was  appointed,  \mder  the  following 
resolution : 

"Whereas,  the  foundation  of  a  library  and  museum,  which  contains 
witliin  itself  all  accessible  published  matter  relating  to  the  history, 
theory  and  })ractice  of  engineering,  the  construction  and  management 
of  public  improvements,  and  the  methods  and  cost  of  manufacturing 
operations,  with  illustrations  by  models  and  samples  of  the  results 
thereby  obtained,  must  be  invaluable,  not  only  to  the  profession,  but 
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to  all  who  are  interested  in  the  pursuit  or  the  application  of  practical 
knowledge, 

"Eesolved,  that  a  Committee,  consisting  of  the  President  and  nine 
other  memhers  to  be  named  by  him,  with  power  to  fill  vacancies,  be 
appointed  to  devise  a  plan  whereby  such  a  library  and  museum  may  be 
founded;  the  funds  obtained  for  its  collection,  management,  increase 
and  maintenance;  a  suitable  place  secured,  where  it  and  other  posses- 
sions of  the  Society  may  be  preserved  and  its  advantages  enjoyed  by 
members  and  others  connected  therewith,  irrespective  of  their  location ; 

This  Committee  did  not  make  a  report  until  1875,  and  it  seems 
worth  while  to  quote  its  principal  recommendations,  which,  it  is  sub- 
mitted, are  wonderfully  comprehensive,  and  cover  the  ground  as  thor- 
oughly as  if  they  had  been  written  to-day. 

''The  library  of  the  American  Society  of  Civil  Engineers  should 
contain  the  literature  of  rational  and  applied  science,  constructive  art 
and  technology;  all  that  has  been,  or  may  from  time  to  time  be  pub- 
lished, relating  to  the  history  and  prosecution  of  engineering;  the  maps 
and  profiles  of  every  canal  and  railroad,  their  complete  reports,  and 
those  of  municipal  and  state  departments;  descriptions  of  private  and 
miscellaneous  works;  statistics  of  the  material  resources  and  develop- 
ment, the  wealth,  manufactures  and  commerce  of  countries ;  standard 
works  of  reference  in  science  and  art,  and  lack  nothing  published  any- 
where, in  our  own  or  other  tongue,  that  in  a  library  may  aid  the  student 
or  accomplished  engineer  seeking  professional  knowledge.  *  *  * 
*  *  *  Much  professional  knowledge  recorded  in  the  several  technical 
journals  of  the  day,  is  almost  inaccessible  to  the  busy  members  of  a  pro- 
fession which  allows  bt;t  little  time  or  opportunity  for  exhaustive  read- 
ing. Complete  treatises  on  theoretical  or  practical  subjects,  frequently 
published  and  full  of  matter  valuable  to  engineers,  are  neither  pur- 
chased or  read  by  them.  These,  as  issued,  should  form  a  part  of  the 
library,  and  its  advantages  be  placed  at  the  command  of  all  connected 
therewith,  wherever  they  may  happen  to  reside,  so  that  at  their  request, 
complete  examinations  on  specified  topics  can  be  made,  pertinent  ex- 
tracts copied,  and  proper  references  given. 

"The  plan  here  outlined  involves  the  preparation  of  concise  ab- 
stracts of  new  works,  reports,  scientific  and  technical  journals,  pro- 
ceedings of  societies,  and  other  publications,  as  received;  the  whole  to 
be  classified  and  indexed,  that  a  busy  man  may  quickly  learn,  without 
the  trouble  and  expense  of  looking  over  the  vast  amount  of  matter  now 
published,  to  determine  for  himself,  whether  there  has  recently  ap- 
peared in  print  anything  referring  to  a  particular  subject.  A  serial 
index  of  current  engineering  and  technical  literature  as  thus  described, 
can  be  comprised  within  a  few  pages  issued  weekly  or  monthly,  and 
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would   largely   facilitate   the   dissemination   of  professional   knowledge 
'among  men  of  practical  science'. 

"A  skillful  librarian,  who  knows  what  the  library  contains,  and 
where  it  is  to  be  found,  can  at  the  mere  cost  of  the  time  spent,  make 
exhaustive  researches  on  a  topic,  for  members,  quicker  and  with  greater 
thoroughness  than  they  themselves  can  do  it.  Any  one  who  has  con- 
sulted large  libraries  knows  that,  generally,  more  time  is  spent  in  learn- 
ing how  and  where  to  look,  than  in  the  work  at  hand." 

In  1885,  a  strong  effort  was  made  to  form  a  library  for  the  joint  use 
of  the  Civil,  Mechanical,  Mining,  and  Electrical  Societies,  and  a  com- 
mittee was  appointed  by  this  Society  to  confer  with  similar  committees 
from  the  other  Societies;  but,  nearly  three  years  later,  the  Chairman  re- 
ported that  no  satisfactory  progress  had  been  made  in  the  matter,  and 
no  further  action  was  taken. 

At  the  beginning  of  the  twenty-five  year  period  under  consideration 
the  Library  had,  all  told,  about  16  000  accessions,  and  five  years  later, 
when  it  was  moved  to  the  Fifty-seventh  Street  House,  it  contained  ap- 
proximately 22  000,  among  them  being  many  old  and  rare  volumes. 
Up  to  October  1st,  1916,  when  the  Library  was  turned  over  to  the 
United  Engineering  Society,  the  average  yearly  growth  was  3  000,  and 
the  total  number  of  accessions  had  increased  to  more  than  89  000. 
More  than  67  000  of  these  were  not  duplicated  in  the  combined  libraries 
of  the  Mining,  Mechanical,  and  Electrical  Societies,  and  these  were 
turned  over  to  the  United  Engineering  Society  in  October,  1916.  In 
addition,  the  book-stacks  which  had  been  erected  in  the  Fifty-seventh 
Street  House,  and  provided  for  additions  to  our  library  for  many  years, 
were  donated  to  the  United  Engineering  Society.  They  have  been 
taken  down,  and  are  now  being  erected  in  the  new  "Stack  Room"  on 
the  14th  floor  of  our  new  home. 

The  remaining  22  000  volumes  have  been  presented  to  the  Cleveland 
Association  of  Members.  The  collection  is  to  be  kept  intact,  and  is  now 
temporarily  in  the  custody  of  the  Cleveland  Public  Library. 

In  the  Fifty-seventh  Street  House  provision  had  been  made  for 
a  commodious,  up-to-date  Stack  Room,  and,  immediately  upon  moving 
in,  a  thorough  re-classification  and  indexing  of  the  Library  was  under- 
taken. The  Library  at  that  time  was  in  an  exceedingly  chaotic  state. 
No  systematic  index  for  it  had  ever  been  made,  and  it  was  a  problem 
how  it  should  be  made  efficient  and  available  for  the  use  of  Engineers. 
The  task  fell  upon  the  writer,  and  he  made  every  effort  to  find  out  just 
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what  had  been  done  up  to  that  date  in  the  classification  and  cataloguing 
of  an  Engineering  Library,  by  inquiry  from  available  sources.  A 
composite  picture  of  the  replies  received  would  have  read  somewhat 
like  this:  "We  use  such  and  such  a  system,  and  we  advise  you 
not  to."  Under  this  condition  he  was  thrown  entirely  on  his  own  re- 
sources, and  the  classification  which  has  been  in  use  for  20  years  (it  is 
still  used  so  far  as  our  books,  which  have  been  transferred  to  the  United 
Engineering  Library,  are  concerned),  was  worked  out. 

In  such  a  pioneer  effort  by  one  who,  up  to  that  time,  had  a  very 
limited  knowledge  of  Library  work,  it  is  not  surprising  that  there  were 
many  imperfections.  On  the  other  hand,  it  was  put  together  from  the 
standpoint  of  an  Engineer,  and  experience  has  shown  that  it  has  been 
a  most  efficient  tool.  This  classification  was  used,  not  only  to  arrange 
books  on  the  shelves,  but  also  to  arrange  cards  in  the  Catalogue.  Many 
of  the  classes  were  very  large,  and  were  not  sub-divided  closely,  and 
therefore  the  "Class  Catalogue"  was  supplemented  by  a  "Subject  Cata- 
logue" in  which  the  cards  were  arranged  alphabetically  by  subject. 
At  least  one  card  was  written  for  every  book  in  the  Class  Catalogue, 
and  as  many  additional  cards  were  placed  in  either  the  Class  or  Sub- 
ject Catalogue  as  was  necessary  to  cover  its  contents  fully.  All  books 
were  very  carefully  analyzed,  cards  being  written  for  any  sections  or 
chapters  which  would  be  of  special  interest,  which  necessitated  in  some 
cases  as  many  as  40  or  50  cards  for  one  book.  In  addition  to  the  two 
Catalogues  described,  there  was  also  an  "Author  Catalogue"  in  which 
at  least  one  card  was  filed  for  every  book  in  the  Library. 

In  1900  the  Classified  Catalogue  was  printed  and  issued  in  a  volume 
to  all  members.  This  book  contained  700  pages,  and  covered  about 
32  000  titles.  Its  issue  stimulated  the  growth  of  the  Library  to  such  an 
extent  that  two  years  later  a  second  volume  of  293  pages  was  issued, 
bringing  it  up  to  date. 

During  the  years  in  which  this  classification  was  in  use  much  ex- 
perience was  gained,  and  toward  the  latter  part  of  that  period  an  im- 
proved and  extended  classification  was  worked  oiit  by  two  members  of 
the  Library  Staff,  Miss  Eleanor  H.  Frick,  and  Miss  Esther  Raymond, 
on  their  own  initiative,  and  largely  in  their  own  time.*  Though  this 
classification  is  based  on  the  general  ideas  of  the  writer,  full  credit  for 
the  work  belongs  to  the  Librarians  mentioned.     It  is  believed  that  the 

*  The  two  classifications  are  given  in  Appendices  A  and  B. 
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jiuhlieation  of  these  two  classifications  will  be  of  considerable  use,  not 
only  to  Technical  Libraries,  but  to  members  of  the  Profession.  As  an 
instance  of  such  use,  it  may  be  stated  that  the  Committee  of  the  Engi- 
neering Council  charged  with  tabulating  the  members  of  the  Society 
available  for  special  work  in  connection  with  the  War,  used  this  classifi- 
cation in  making  up  the  various  headings  under  which  the  members 
of  this  Society  sliould  be  indexed. 

In  1S90,  the  writer  in  the  "History''  previously  referred  to,  speaking 
of  the  Library,  said: 

"While  it  is  not  possible  now  to  bring  its  use  within  the  reach  of 
members  residing  at  a  distance,  it  is  hoped  and  believed  that  after  the 
new  house  is  completed  arrangements  can  be  made  by  which  non- 
resident members  may  be  able  to  secure  data  on  any  special  points  at 
small  expense." 

As  soon  as  possible  after  the  cataloguing  had  been  completed,  he 
took  up  the  matter,  and  in  1902  was  authorized  by  the  Board  to  make 
searches  in  the  Library,  upon  request,  and  to  charge  therefor  the  actual 
cost  to  the  Society  of  the  work  required.  About  1  000  such  searches  and 
bibliographies  have  been  gotten  out,  and  there  is  abundant  evidence  of 
tlie  appreciation  of  our  non-resident  membership. 

A  number  of  years  after  this  system  was  started,  the  Library  of  the 
L^nited  Engineering  Society  established  its  Service  Bureau,  which  has 
been  very  successful;  and,  as  our  Library  now  forms  part  of  the  con- 
solidation, our  members  will  have  the  benefit  of  that  service. 

Local  Associations. 

The  question  of  the  formation  of  Local  Associations  of  Members 
in  the  various  centers  of  population  was  considered  in  a  general  and 
informal  way  several  times  prior  to  1905.  It  was  discussed  at  the 
Cleveland  Convention  in  that  year,  following  a  report  from  the  Sec- 
retary stating  that  a  circular  note  had  been  forwarded  to  at  least  three 
Members  in  each  of  the  following  cities:  Albany,  Boston,  Cleveland, 
Chicago,  Detroit,  Kansas  City,  Mexico,  New  Orleans,  Philadelphia, 
Pittsburgh,  St.  Louis,  St.  Paul  and  Minneapolis,  San  Francisco,  and 
Washington,  setting  forth  the  advantages  of  such  Associations,  both 
locally  and  to  the  Society  as  a  whole,  recommending  their  formation, 
and  enclosing  a  draft  of  a  proposed  Constitution  suitable  for  adop- 
tion.     The    Secretary    reported    that    considerable    interest    had    been 
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aroused,  and  that  two  Local  Associations  had  been  formed,  one  at 
Kansas  City,  Mo.,  and  one  at  San  Francisco,  Cal. ;  that  meetings 
had  been  held  at  Washington,  Cleveland,  Pittsburgh,  Boston,  St. 
Louis,  and  Philadelphia,  and  that  a  reiwrt  from  the  three 
Chicago  Members  had  also  been  received.  The  reports  from  Wash- 
ington, Cleveland,  and  Pittsburgh,  were  non-committal.  In  Boston 
it  was  the  unanimous  opinion  of  those  consulted  that  it  would  be  very 
difficult  to  arouse  sufficient  enthusiasm;  in  St.  Louis  a  meeting  of  23 
Members  adopted  a  resolution  to  the  eifect  that  it  was  not  desirable 
at  that  time  to  have  such  an  organization  in  that  city.  Li  Philadelphia 
a  letter-ballot  was  taken  resulting  in  a  vote  of  42  to  14  against  the 
proposition,  and  the  Committee  in  Chicago  was  strongly  against  it. 

The  general  idea  of  the  organization  of  Local  Associations  of  the 
Society,  suggested  by  the  Board  of  Direction,  was  approved  by  the 
Convention. 

The  writer  remembers  well  what  a  hard  struggle  it  was  to  overcome 
the  many  objections  raised,  the  principal  one  being  the  fear  that  such 
Associations  would  injure  local  societies  and  clubs  already  established; 
but  time  has  accomplished  what  then  seemed  impossible,  and  we  now 
have  Local  Associations  in  each  of  the  cities  named  except  Albany, 
Boston,  Mexico,  Pittsburgh,  and  Kansas  City.  In  the  last  named  the 
first  association  was  formed,  but  it  was  not  successful.  In  addition 
there  are  13  others,  a  total  of  21.  It  is  undoubtedly  a  fact  that  these 
Associations  add  strength  to  the  Society  as  a  whole,  and  are  of  great 
local  benefit.  Since  the  above  was  written,  the  writer  has  been  informed 
unofficially  of  the  formation  of  an  Association  in  Pittsburgh. 

An  important  meeting  of  the  presidents  of  all  the  Local  Associa- 
tions was  held  at  the  Society  House  on  January  19th,  1915,  at  which 
many  matters  of  vital  interest  to  the  Society  were  discussed. 

Membership. 

Twenty-five  years  ago  the  total  membership  of  the  Society  was 
1  609 ;  at  the  present  writing  it  is  8  544,  a  net  increase  for  that  period 
of  G  935,  the  average  yearly  net  increase  having  been  277.  It  should 
be  noted  that  this  increase  has  been  in  spite  of  the  fact  that  the  require- 
ments have  been  raised  during  the  period.  The  writer's  opinion  is  that 
it  is  also  due  to  this  fact. 
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Finances. 

As  nearly  as  can  he  detcriniiuHl,  the  t-ash  value  of  the  property  of 
the  Society,  at  the  bcginuiiig  of  the  twenty-five  year  period  under  con- 
sideration, was  $60  000.  ]n  a  statement  issued  by  the  Board  of  Direc- 
tion in  May,  1S95,  when  the  building  of  the  Fifty-seventh  Street  House 
was  first  contemplated,  the  available  assets  of  the  Society  were  given 

as  follows : 

* 

House,  127  East  23d  Street  (estimate) .  .$00  000 
Mortgage  16  000      $44  000 


Securities  in  safe  deposit,  par  value 16  000 

Cash,  awaiting  permanent  investment 4  500 

Amount  available $64  500 

At  the  present  time  a  similar  statement  would  read  about  as  follows: 

Society  House,  220  West  5Tth   Street. 

cost    $360  000 

Less  Mortgage 150  000  $210  000 

New  39th  Street  Quarters,  cost  to  the 

Society   267  500 

Securities  in  safe  deposit 10  000 


$487  500 


The  assets  of  the  Society  on  the  basis  of  this  statement  have  in- 
creased during  the  past  quarter  century  about  $425  000.  This,  how- 
ever, is  very  conservative,  inasmuch  as  in  the  above  figures  the  cost 
of  the  Fifty-seventh  Street  property  is  used,  whereas  in  the  statement 
of  1895  the  value  of  the  Twenty-third  Street  house  was  estimated,  and 
largely  in  excess  of  the  price  paid  for  it;  in  addition  to  this,  the  value 
of  the  Society's  one-fourth  interest  in  the  Thirty-ninth  Street  property 
is  at  least  $250  000  more  than  the  cost  given.  It  would  be  more  nearly 
correct,  therefore,  to  say  that  the  increase  of  property  assets  during 
this  period  has  been  $700  000. 
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Meetings. 

During  the  past  twenty-five  years  about  500  regular  meetings  of 
the  Society  have  been  held.  Nearly  all  of  these  have  been  for  the  pur- 
pose of  presenting  and  discussing  professional  papers  and  topics,  and 
there  have  been  20  or  30  extra  or  special  meetings,  and  about  50  meet- 
ings which  are  spoken  of  in  the  Constitution  as  for  "social"  purposes. 
There  were  also  a  number  of  special  meetings  of  the  Juniors  of  the 
Society. 

Among  the  most  notable  events,  the  following  might  be  mentioned : 

The  formal  opening  of  the  Fifty-seventh  Street  House  on  November 
24th,  1897  was  held  in  the  afternoon.  The  President,  Benjamin  M. 
Harrod,  of  New  Orleans,  La.,  presided.  The  ceremonies  were  opened 
with  a  dedicatory  prayer  by  the  Rt.  Rev.  Henry  C.  Potter,  and 
addresses  were  made  by  Gen.  W.  P.  Graighill,  Past-President,  J.  G. 
Schurman,  LL.D.,  President  of  Cornell  University,  and  the  Hon. 
Joseph  H.  Choate. 

On  September  16th,  1904,  a  reception  was  given  to  the  members 
of  The  Institution  of  Civil  Engineers  of  Great  Britain,  who  were  visit- 
ing this  country  by  ihvitation  of  the  Society. 

On  November  30th,  1910,  at  the  home  of  the  Society,  the  John 
Fritz  Medal  was  awarded  to  the  late  Alfred  Noble,  Past-President, 
Am.  Soc.  C.  E. 

On  June  3d,  1912,  the  Society  tendered  a  reception  to  the  Twelfth 
International  Navigation  Congress,  and  on  September  5th  of  the  same 
year  to  the  members  of  the  Sixth  Congress  of  the  International  Asso- 
ciation for  Testing  Materials. 

From  1903  to  1910  all  the  meetings  of  the  John  Fritz  Medal  Board 
of  Award  were  held  in  the  Society  House,  and  on  many  occasions  meet- 
ings of  other  societies  and  associations  were  held  there  by  special  per- 
mission of  the  Board  of  Direction. 

Amendments  to  the  Constitution.* 

A  revised  Constitution  was  adopted  on  March  4th,  1891,  the  prin- 
cipal changes  being  the  provision  for  two  new  grades  of  membership. 
The  class  of  Associate  Member  was  created,  so  that  it  would  be  prac- 
ticable to  raise  the  qualifications  for  the  highest  grade,  and  to  take 


•  AH  the  amendments,   with  a  brief  statement  of  their  purport  and  the  vote  by 
which  they  were  adopted  or  rejected,  will  be  found  in  Appendix  C. 
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care  adrciuately  of  a  certain  class  of  engineers  not  eligible  for  the 
grade  of  Member,  as  well  as  to  provide  at  the  proijer  time  a  method  for 
advancement  to  Corporate  Membership  of  those  in  the  old  Junior  grade 
who  were  deserving  of  such  advancement.  The  requirements  for  the 
grade  of  Junior  were  lowered  so  as  to  bring  them  within  the  reach  of 
all  young  men  who  at  {he  beginning  of  their  careers  wished  to  be  con- 
nected with  this  Society.  Provision  was  also  made  for  an  increase  in 
the  number  of  Vice-Presidents  and  for  the  enlargement  of  the  Board 
of  Direction,  so  as  to  make  it  more  truly  representative.  The  respec- 
tive terms  of  office  were  lengthened,  and  it  was  stipulated  that  mem- 
bers of  the  Board  should  not  be  eligible  for  immediate  re-election,  thus 
securing  rotation  in  office. 

The  Report  of  a  Committee  on  Revision  of  the  Constitution,  under 
date  of  Xovember  5th,  1890,  signed  by  W.  P.  Shinn,  Mendes  Cohen, 
F.  Collingwood,  and  S.  Whinery,  states  in  part : 

"It  was  upon  the  question  of  the  duties,  position  and  standing  of 
the  Secretary  that  the  greatest  diversity  of  views  was  found  to  exist. 
A  large  number  of  members  have  expressed  the  opinion  that  the  Sec- 
retary of  the  Society,  like  the  secretary  of  an  ordinary  business  cor- 
poration, should  be  appointed  by  the  Board  of  Direction,  but  those  who 
so  think  forget  or  ignore  the  fact  that,  unlike  the  ordinary  business 
corporation,  the  offices  of  President  and  Vice-President  in  this  Society 
are  of  an  honorary  nature.  The  homes  of  these  officers  are  most  fre- 
quently in  parts  of  the  country  remote  from  the  Society's  place  of 
business,  and  it  may  often  occur  that  they  can  perform  but  few  of  the 
executive  duties.  In  fact  the  Society  does  not  contemplate  that  the 
men  whom  it  honors  with  such  positions  shall  drop  their  professional 
duties  to  attend  to  Society  work,  and  it  certainly  does  not  propose  to 
pay  them  for  doing  so.  The  executive  duties  must,  however,  be  per- 
formed by  some  one,  and  at  all  times.  The  Committee  has,  therefore, 
distinctly  named  the  Secretary,  under  the  President  and  Board  of 
Direction,  the  executive  officer  of  the  Society. 

"If  we  stop  for  a  moment  to  consider  the  important  duties  to  be 
performed  by  such  officer,  often  of  a  delicate  and  confidential  char- 
acter, it  will  be  seen  that  he  should  have  a  voice  in  the  deliberations  of 
the  Board ;  for  he  is  the  source  of  all  information,  and  to  him  must  be 
referred  the  detailed  investigation  of  every  question. 

"It  is  necessary,  too,  that  the  office  should  be  filled  by  a  person 
capable  of  representing  the  Society  favorably,  and  deciding  properly  in 
the  matters  constantly  arising  in  the  intervals  between  the  meetings 
of  the  Board;  and  this  can  only  be  well  done  by  a  professional  man,  of 
business   experience   and   standing.      Such    a    man    cannot    be   easily 
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secured  for  any  sum  which  the  Society  can  at  present  afford  to  pay; 
nor  would  such  a  man  be  willing  to  sever  himself  entirely  from  the 
field  of  professional  engagement." 

Up  to  1894  the  office  of  Secretary  had  been  filled  by  a  general  vote 
of  the  membership,  but  in  that  year  an  amendment  was  carried 
placing  the  election  of  the  Secretary  in  the  hands  of  the  Board  of 
Direction,  but  otherwise  not  changing  his  status.  The  vote  on  this 
amendment  was  191  to  6.  In  1895  an  amendment  was  carried  which 
divided  the  territory  occupied  by  the  Society  into  7  Geographical  Dis- 
tricts and  provided  for  representation  of  each  of  these  Districts  on 
the  Board  of  Direction.    The  vote  on  this  ballot  was  273  to  12. 

The  revised  Constitution  adopted  in  1891  provided  for  the  election 
of  all  members  by  a  letter-ballot  of  all  Corporate  Members,  7  negative 
votes  excluding.  It  also  provided  that  the  Board,  upon  receipt  of  eight 
requests  for  reconsideration  of  the  ballot  in  the  case  of  any  rejected 
candidate,  was  empowered  to  order  another  ballot  to  be  taken.  On  this 
"lieconsideration"  negative  ballots  to  the  number  of  10%  of  the  votes 
cast  were  necessary  for  exclusion. 

The  small  number  of  negative  ballots  necessary  for  exclusion  on 
the  first  ballot  caused  trouble  by  the  exclusion  of  well-qualified  appli- 
cants; the  reconsideration  ballot  also  proved  unsatisfactory,  for  the 
reason  that  the  number  of  ballots  necessary  for  exclusion  was  dependent 
on  an  unknown  quantity.  Under  it,  a  candidate  might  be  excluded 
with  only  15  negative  ballots,  and  another  might  be  admitted  with  40 
or  more  negative  ballots.    In  fact,  such  cases  as  these  actually  occurred. 

In  1903,  the  number  of  negative  ballots  required  for  exclusion  on 
the  first  ballot  was  increased  from  7  to  20.  Even  this  proved  unsatis- 
factory, and  in  1908  the  Constitution  was  amended  by  transferring  the 
election  of  members  of  all  grades  from  the  membership  at  large  to  the 
Board  of  Direction.     The  vote  on  this  amendment  was  892  to  317. 

In  1915  in  order  to  provide  for  a  more  general  representation  on  the 
Board  of  Direction,  the  territory  occupied  by  the  Society  was  divided 
into  13,  instead  of  7,  Districts,  each  to  be  represented  on  the  Board  of 
Direction,  the  vote  on  this  question  being  1  066  to  83. 

A  number  of  amendments  to  the  Constitution  have  been  proposed 
and  rejected.  Among  the  most  important  of  these  was  one,  submitted 
in  March,  1907,  increasing  certain  of  the  admission  requirements,  par- 
ticularly for  the  grade  of  Member.    This  was  lost  by  a  vote  of  429  to  847. 
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111  191-i  an  aineiidiiieut  was  offered  which  would  have  changed  the 
status  of  the  Secretary  of  the  Society  by  excluding  him  from  mem- 
bership on  the  Board  of  Direction.  This  amendment  was  lost  by  a  vote 
of  1  343  to  1  828. 

Engineering  Congresses. 

Three  International  Engineering  Congresses  in  which  the  Society 
was  active,  have  been  held  in  the  United  States.  The  first  was  held  in 
1893  in  connection  with  the  World's  Columbian  Exposition  at  Chicago. 
This  Society  took  charge  of  Division  ''A",  Civil  Engineering,  the  work 
of  which  was  described  at  the  joint  meeting  of  all  divisions,  August  5th, 
1893,  as  follows: 

"Six  sessions  have  been  held,  and  the  work  accomplished  can  be  best 
shown  by  the  following  statement:  Sixty-three  papers  in  all  were  pre- 
sented. Of  these  fifty  had  been  printed  and  distributed  for  discussion, 
and  covered  about  1  200  pages  of  printed  matter,  with  numerous  plates 
and  cuts. 

"The  subjects  treated  may  be  classified  under  the  following  Iieads : 

"Common  Roads;  Railways,  Terminal  Systems,  Signaling,  Loco- 
motives, etc.;  Cable  Railways;  Bridges,  Substructure  and  Superstruc- 
ture; Canals;  Foundations;  Surveys  and  Surveying  Instruments; 
Metals — Their  Treatment  for  Substructural  Purposes;  Grain  Ele- 
vators; Paving  Brick;  Carbon — Its  Use  in  Electrical  Engineering; 
Electric  Light  Plant;  Hoisting  Machinery;  Inland  Transportation; 
Navigation  Works;  Improvement  of  Rivers;  Improvement  of  Harbors; 
The  Plant  of  Commercial  Ports;  The  Laying  Out  of  Cities;  Water 
Works;  Sewers  and  Sewerage;  Tunnels,  and  The  Testing  of  Building 
Material. 

"Twelve  countries  are  represented  in  the  authorship  of  these  papers, 
as  follows: 

Germany   furnished.  ..  .20  Canada    3 

^Mexico G  Italy    1 

Portugal    5  Australia    1 

England    3  United    States IS 

Holland 2     *  — 

France 2  Making  a  total  of 63 

South  America 2 

"The  work  of  translation  of  papers  presented  in  foreign  languages 
has  been  done  in  every  instance  by  volunteers  from  the  membership 
of  the  Society,  by  gentlemen  thoroughly  conversant  with  the  subject 
under  consideration. 
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"The  interest  manifested  in  the  papers  presented  is  evidenced  by 
the  fact  that  318  engineers  registered  during  the  session  of  this  Divi- 
sion, and  the  average  attendance  at  each  session  was  about  125. 

"The  discussions  have  taken  a  wide  range,  and,  on  account  of  the 
limited  time,  have  been  entirely  confined  to  those  presented  orally. 
Many  interesting  and  valuable  written  discussions  were  received, 
which  it  was  entirely  impossible  to  present  at  the  sessions,  but  which 
will  be  published  in  connection  with  the  papers. 

"The  number  of  valuable  additions  to  the  literature  on  the  sub- 
jects mentioned  is  so  great  that  it  is  impossible  in  this  summary  to  do 
them  all  justice,  and  it  is  thought  best  not  to  attempt  it. 

"It  may,  however,  be  asserted  that  the  results  of  the  sessions  of 
this  Division  of  the  Congress  will  be  far-reaching  and  productive  of 
great  benefit  to  the  profession  of  Civil  Engineering  all  over  the  world." 

The  second  International  Engineering  Congress  was  held  in  con- 
nection with  the  Louisiana  Purchase  Exposition  at  St.  Louis,  Mo.,  in 
October,  1904. 

In  1903  this  Society  was  invited  by  the  Directors  of  the  Louisiana 
Purchase  Exposition  to  undertake  the  arrangements  for  an  Interna- 
tional Engineering  Congress.  Our  Board  of  Direction  appointed  a 
Committee,  and  this  Committee  invited  the  co-operation  of  the  other 
National  Engineering  Societies,  but,  for  some  reason  which  was  never 
explained,  they  did  not  entertain  the  proposition  favorably.  Inasmuch 
as  the  inauguration  and  conduct  of  the  proposed  Congress  had  been 
placed  upon  this  Society  by  the  management  of  the  Exposition,  the 
Board  determined,  on  January  4th,  1904,  that  the  Society  should  under- 
take it  alone,  assuming  the  entire  cost. 

At  that  date  nothing,  even  of  a  preliminary  nature,  had  been  done, 
and  the  organization,  the  securing,  editing,  and  publishing  of  papers 
and  discussions,  as  well  as  arrangements  for  meetings,  devolved  entirely 
upon  the  writer  and  his  staff. 

The  first  paper  was  received  on  March  29th,  1904,  and  between 
that  date  and  October  1st,  1904,  83  papers  were  edited,  printed,  and 
circulated  in  advance,  many  discussions  being  received.  The  work  of 
translating  many  of  these  foreign  papers  was  undertaken  by  volunteers 
from  the  membership  of  the  Society. 

The  Congress  was  held  from  October  3d  to  8th,  1904.  Its  activities 
were  divided  into  eight  sections,  28  meetings  were  held,  the  average 
attendance  at  each  being  50.     In  the  discussion  of  the  38  selected  sub- 
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jects,  97  formal  papers,  written  by  prominent  specialists  by  invitation, 
were  presented.  In  addition,  7S  communications  from  engineers  unable 
to  be  present  were  rend,  and  there  were  272  oral  discussions  at  the 
Sectional  meetings. 

The  jiroceedings  were  jiublished  subsequently  in  six  extra  volumes  of 
Transaclions,  every  member  of  the  Society  receiving  copies  of  these 
volumes  free  of  charge.  The  total  edition  was  4  000.  and,  in  addition, 
separate  pamphlets  covering  each  of  the  subjects  were  printed,  a  total 
of  43  575  separate  pieces  being  handled. 

From  foreign  sources  46  out  of  a  total  of  96  papers,  and  91  out  of 
a  total  of  302  discussions,  were  furnished. 

The  attendance  at  the  Congress  was:  from  the  United  States  724; 
Canada,  Cuba  and  Mexico  17;  South  America  10;  Europe  (13 
countries)  111;  Asia  10;  Australia  4,  a  total  of  876. 

The  total  cost  was  $38  500,  of  which  about  $5  000  was  received  from 
subscription  and  sales  of  publications,  the  total  net  cost  met  by  the 
Society  being  about  $33  500. 

The  third  International  Engineering  Congress  in  which  the  Society 
participated  was  held  in  connection  with  the  Panama-Pacific  Exposi- 
tion, in  San  Francisco,  Cal.,  September  20th-25th,  1915. 

The  plan  of  management  of  this  Congress  and  the  method  of  financ- 
ing it,  both  of  which  were  suggested  by  the  writer,  were  as  follows: 

The  original  financial  plan  was  that  the  cost  should  be  underwritten 
as  follows : 

(1)  By  a  general  subscription  from  engineers  re- 

siding in  the  Pacific  Coast  region $10  000 

(2)  By  the  five  National  Societies,  in  the  follow- 

ing proportion : 

American  Society  of  Civil  Engineers $9  000 

American  Institute  of  Electrical  Engineers. .  9  000 
American  Society  of  Mechanical  Engineers.  .  5  000 
American  Institute  of  Mining  Engineers.  ...  5  000 
Society  of  Naval  Architects  and  Marine  En- 
gineers    2  000    $30  000 


The  estimated  cost  of  the  Congress  was $40  000 

A  General  Committee  of  Management  was  composed  of  the  Presi- 
dent and  Secretary  of  each  of  the  four  Founder  Societies  and  of  the 
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Society  of  Naval  Architects  and  Marine  Engineers,  with  four  addi- 
tional members  from  each  Society  resident  in  San  Francisco. 

The  ten  officers  of  the  Societies  mentioned  formed  a  Committee  on 
Participation,  through  which  invitations  to  take  part  were  transmitted 
to  other  Engineering  organizations  both  at  home  and  abroad.  This 
Committee  also  arranged  for  providing  the  funds  necessary  to  carry 
on  the  work. 

The  members  of  the  Committee  resident  in  San  Francisco  formed 
a  Committee  of  Management  to  carry  out  the  work  in  detail  on  the 
ground,  W.  F.  Durand  being  Chairman  and  W.  A.  Cattell,  Secretary- 
Treasurer. 

This  Committee  took  charge  of  the  receipt,  editing,  printing,  and 
distribution  of  the  papers  and  discussions,  which  were  finally  issued  in 
13  volumes. 

The  total  cost  of  tlie  Congress  was  approximately  $77  000.  Of  this 
amount : 

Pacific  Coast  Engineers   contributed $10  413.00 

American  Society  of  Civil  Engineers  contributed 7  740.00 

American  Institute  of  Mining  Engineers  contributed.  .  4  300.00 

American  Society  of  Mechanical  Engineers  contributed.  4  300.00 

American  Institute  of  Electrical  Engineers  contributed.  4  300.00 
Society    of    N'aval    Architects    and    Marine    Engineers 

contributed 1  720.00 


Total $32  773.00 

The  remainder  of  the  total  expense  was  received  from  membership 
fees,  sale  of  additional  volumes,  etc.,  etc. 

The  Annual  Convention  of  this  Society  was  held  in  San  Francisco 
during  the  week  before  the  Congress,  and  similar  meetings  of  the  other 
Founder  Societies  were  also  held,  thus  assuring  a  good  attendance. 
This  was  a  somewhat  memorable  occasion,  inasmuch  as  a  special  trans- 
continental train  for  the  accommodation  of  the  members  of  all  these 
organizations,  and  other  members  of  the  Congress,  was  arranged  for 
by  the  Joint  Committee  on  Entertainment  and  Transportation  of  which 
the  writer  was  Secretary. 

The  Congress  consisted  of  opening  and  closing  sessions,  and  51 
technical  meetings.     The  total  attendance  was  approximately  800,  and 
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there  were  about  50  official  delegates.  Owing  to  the  state  of  war  exist- 
ing in  Europe,  the  foreign  participation  was  much  more  limited  than 
had  been  expected  when  the  Congress  was  originally  undertaken. 

The  product  of  this  Congress  was  not  distributed  gratis  to  any  of 
the  members  of  the  Societies  participating,  as  was  the  case  in  1904. 

Publications. 

The  first  paper  printed  by  the  Society  was  an  Address  delivered  by 
President  James  P.  Kirkwood  directly  after  the  reorganization  of  the 
Society  in  1867. 

The  number  of  Transactions  for  November,  1873,  was  the  first  is- 
sued. The  first  57  papers,  which  were  printed  separately,  make  up 
Volume  1  and  part  of  Volume  2.  Volume  3  begins  with  the  number 
of  Transaciions  for  May,  1874,  and  Volume  4  with  that  of  April,  1875. 
Between  that  date  and  1886  the  number  of  pages  published  was  only 
s\ifficient  to  fill  one  volume  per  annum,  but,  beginning  with  1887,  and 
continuing  until  1892,  two  were  issued  yearly,  the  total  number  of 
volumes  up  to  that  date  being  28.  In  1893  two  extra  volumes  of  Trans- 
actions were  issued  containing  the  product  of  the  Civil  Engineering 
Section  of  the  International  Engineering  Congress. 

Up  to  the  end  of  1895  the  Proceedings  and  Transactions  were  is- 
sued together  in  monthly  numbers,  and,  in  order  to  preserve  them  for 
future  reference,  they  had  to  be  separated  and  bound  in  individual 
volumes. 

The  difficulty  with  this  method  was  that  a  paper  intended  to  be  sub- 
mitted to  the  Society  was  not  published  until  it  had  been  read  at  a 
meeting,  and  the  discussion  upon  it,  which  was  limited  to  the  few  who 
attended  the  meeting  or  who  had  received  advance  copies,  had  been 
edited,  printed,  and  collated.  Under  these  conditions  the  membership 
of  the  Society  at  large  never  saw  or  heard  of  gjiy  paper  until  the  dis- 
cussion of  it  was  complete,  which  frequently  was  six  months,  and  in 
some  cases  as  long  as  eighteen  months,  after  the  paper  had  been  re- 
ceived. The  result  of  this  was  that  the  monthly  numbers  of  Transac-  • 
iions  lacked  current  interest,  and  when  received  by  members  frequently 
remained  in  their  wrappers  until  sent  to  the  binder  when  the  entire 
yearly  volume  had  been  received. 
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'lMii>  wriltT  wfU  rt'iiu'iuluTs  llmt  one  o(  (he  lirs(  pifi-i's  of  work  as- 
HiKiu'il  to  liiiM  as  Assistant  SfiTctar.N ,  in  Maifli,  ISDi',  was  (lu>  f^'otting 
rradv  tor  puMii'ation  ol"  liio  iiiiiiilifr  ot  'J'niiisdcl inns  tor  Scplomlior  of 
tho  procodiu}?  .year. 

In  ISO'J-Of)  tlu'  issno,  in  adtlition  I"  tlio  rot^nlar  't'riinsdclions,  of  a 
Bitlli'lin  in  loaiK't  form,  callint;-  alti'niion  to  cnnvnt  ovonts  and  jjiviny: 
ahstnu'ls  of  tlio  impcrs  in  advance  of  tlio  date  at  whicli  tlu\v  wore  to  be 
prosonlt'd.  was  tried,  'llw  i^reat  dittienltv  with  this  was  the  preparation 
of  proiier  ahslraels.  The  expt'rienee  of  the  writer  leads  liini  ti>  the 
belief  that  a  teehnieal  ahslraet.  in  order  to  he  reall.v  jioiul,  uuist  be  pre- 
pared b.v  one  who  is  expert  in  the  partienlar  snbjeot  treated,  and  that, 
even  in  this  ease,  he  nuisl  stndy  the  paper  eari'tnlly  and  write  the  ab- 
stract in  his  own  wonls.  Any  attempt  to  prodnee  an  abstract  o(  a  paper 
by  tpiotinfi-  here  and  there  a  parafirapb  is  not  prothietive  of  satisfactory 
results. 

In  elainiary,  1SJ)(>,  tlu>  iniblieation  of  onr  present  monthly  Procccd- 
intia  was  b(>i;nn,  the  (I'chnical  matter  contained  in  these  beinj;  subse- 
(piently  collated  and  pnblisl\ed  in  voUunea  of  rniiisticfioiis. 

'This  method  was  ntwv  in  Society  publications,  ami  has  since  been 
adoptt>d  by  otla>rs.  liy  it  the  member  ia  interested  in  the  receipt  of  bis 
monthly  N\unber,  beeanst>  it  contains:  (1)  brief  accounts  of  Society 
business,  ineludini*'  abstracts  of  minuti's  of  Society  Meetings  botb  in 
New  York  and  in  the  beadiiuarters  o{  Local  Associations,  list  of  addi- 
tions to  the  memberslup,  announcements  of  future  meetings,  and  other 
items  of  general  inten^st;  (iM  not  only  the  papers  to  bi>  prest'uted.  but 
also  the  discussions  uiion  them,  whii-h  are  published  serially  luitil  each 
subjtvt  is  exhausted. 

It  is  a  matter  of  pride  that,  during  the  _*•_>  years  that  this  publication 
bus  been  issued,  it  bas  never  failcil  to  be  uiailtHl  to  the  membership  on 
the  fourtb  Wednesday  of  the  month,  althougli  !»t  times  the  issues  have 
contained  as  niueli  matter  as  an  or<linary  vt>lume,  in  one  case  1)50  pages. 

In  March,  lSi);>,  the.  writer  was  authori/.eil  by  the  l>oaril  to  publish 
in  l^roct'CiUiujs  a  list  of  current  engineering  articles  of  interest.  This 
was  started  in  a  modest  way.  and  was  evidently  found  useful  by  tbe 
n\embership,  because  a  request  soon  canu'  that  if  be  printed  on  one  side 
of  the  page  i>nly.  in  order  that  members  might  cut  out  items 
wbicb  specially  interested  them,  aiul  use  tbem  in  tbeir  own  in- 
dexes.     This    list,    which    bas    been    published    continuously    in    each 
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monthly  iiumbi'i-  of  tlie  rrocmdings  from  tluit  Jute,  is  made  up  from  an 
examination  of  about  115  periodicals.  The  clasi ification  is  very  simple, 
as  the  list  is  intended  to  be  of  current  interest  only,  and  to  enable  an 
on{j:ineer  to  plance  over  each  month  the  publications  relating  to  his  jiar- 
ticular  line  of  work,  and  to  select  therefrom  such  articles  as  he  may  read 
eitliiT  in  some  i-onvciiieiit  lihniry  or  by  obtaiiiinfj:  them  fruiii  the 
publisher. 

In  order  to  show  brieily  the  ([uantity  of  material  written,  edited, 
and  iniblislicd,  the  total  number  of  pages  issued  in  the  Society  publica- 
tions for  the  twenty-five  years  from  1867  to  1892,  was  17  747  (yearly 
average,  710),  and  for  the  twenty-five  years  from  that  time  to  date  has 
been  96  800  (yearly  average,  3  872),  making  the  total  pages  114  547. 
The  cost  of  the  printing,  binding,  and  postage  (nearly  all  the  postage 
being  chargeable  to  publications)  for  the  latter  period  has  been  about 
$724  000  (yearly  average,  $28  960). 

The  actual  handling,  preparation  for  mailing,  and  mailing,  of  all 
these  publications  has  been  done  by  the  Society  force  during  that  period. 

In  1911  the  writer  presented  a  Report  to  the  Board  of  Direction, 
and  subsequently  to  the  Business  Meeting  of  the  Annual  Convention 
of  that  year,  suggesting  that  there  would  be  many  advantages  if  a 
change  were  made  in  the  method  of  getting  out  our  publications.  The 
report  stated  that  he  had  investigated  this  possibility  for  some  time  and 
recommended  that  it  be  tried.  Briefly,  the  idea  was  to  continue  the 
publication  of  Proceedings  as  heretofore,  but  to  publish  only  one 
volume  of  Transactions  per  annum,  such  volume  to  contain  as  much 
matter  as  the  four  that  were  issued  at  that  time.  This  was  to  be 
accomplished  by  the  use  of  thin  "India",  or  as  it  is  commonly  called 
"Bible",  paper.  Up  to  1908  two  volumes  of  Transactions  had 
been  issued  yearly,  but,  beginning  with  1909,  four  volumes  were 
issued  per  annum.  (In  1910  five  volumes  were  issued.)  These  volumes 
contained  between  550  and  600  pages  each.  The  direct  benefits  were 
fully  stated  in  this  Report.* 

The  recommendation  was  approved  and  the  first  of  these  thin-paper 
volumes  was  issued  in  1912. 

It  may  be  set  down  as  axiomatic  in  Society  work  that  no  matter 
what  may  be  done,  it  will  not  please  the  entire  membership,  and  this 
case  was  no  exception.     So  many  criticisms  were  received,  with  in- 

•  Proceedings,  Am.  Soc.  C.  E.,  Vol.  XX^VII,  p.  319. 
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quiries  as  to  why  the  Society  had  adopted  the  use  of  "tissue"  paper  in 
its  publications,  etc.,  etc.,  that  in  April,  1914,  a  circular  was  issued 
asking  two  questions: 

(a)  "Shall   the  use  of  thin  paper  be  continued   in   the  monthly 
Proceedings? 

(b)  "Shall  the  use  of  thin  paper  be  continued  in  the  one  yearly 
volume  of  Transactions,  or  shall  the  same  number  of  pages  be  issued  in 
Transactions  on  thick  paper,  in  four  volumes  per  annum"? 

The  result  of  this  was  that  in  a  very  large  vote  of  about  3  000,  90% 
of  those  voting  was  in  favor  of  the  use  of  thin  paper  in  the  monthly 
Proceedings,  and  95%  was  in  favor  of  its  use  in  Transactions. 

As  was  foreseen,  the  points  that  appealed  to  the  membership  were 
the  great  saving  to  individuals  in  shelf  room,  in  the  cost  of  binding, 
and  in  economy  in  time  by  the  use  of  one  index  instead  of  four. 

Annual  Conventions. 

An  Annual  Convention  has  been  held  each  year  during  the  last 
twenty-five  years,  except  in  1917,  when  the  Convention  which  was  to 
have  been  held  in  Minneapolis  and  St.  Paul  was  abandoned  on  account 
of  the  war.  Twenty-one  separate  localities  have  been  visited.  Two  Con- 
ventions were  held  in  Chicago,  two  in  Niagara  Falls,  and  two  in  San 
Francisco.  All  of  them  have  been  exceedingly  enjoyable,  have  brought 
the  members  from  various  sections  into  closer  contact,  and  have 
been  of  material  benefit  to  individuals  and  to  the  Society. 

It  is  perhaps  worthy  of  notice  that  during  this  period  three  of  these 
meetings  have  been  held  on  the  Pacific  Coast,  which  up  to  1896  was 
farther  away  from  headquarters  than  the  Society  had  ever  held  an 
official  meeting,  and  that  four  were  held  on  foreign  soil,  two  in  Canada, 
one  in  England,  and  one  in  Mexico. 

It  would  extend  this  review  too  far  even  to  touch  upon  the  interest- 
ing events  of  these  meetings,  but  perhaps  it  is  permissible  to  call  atten- 
tion to  the  fact  that  the  trip  to  London  was  made  on  the  invitation 
of  the  Institution  of  Civil  Engineers,  that  our  meetings  were  held 
in  the  home  of  that  Institution  in  London,  and  that  the  whole  party 
had  the  honor  and  pleasure  of  being  received  by  Queen  Victoria  at 
Windsor  Castle.  It  might,  perhaps,  also  be  stated  that  the  Mexican 
Convention  was  held  by  invitation  of  President  Diaz.     Members  who 
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are    intorestod    will    find    quite    full    details    of    these    trips    in    the 
Proceedings. 

A  special  party  was  made  up  iu  March,  1911,  to  visit  the  Panama 
Canal.  This  was  a  more  or  less  unofficial  party.  Two  of  the  United 
Fruit  Company's  steamers  were  chartered  for  the  occasion,  one  sailing 
from  New  York  and  the  other  from  New  Orleans,  meeting  at  the 
Isthmus,  and  the  party  generally  keeping  together  on  the  return.  All 
the  arrangements  were  made  by  the  writer,  who,  unfortunately,  was 
unable  to  go,  due  to  the  pressure  of  other  duties,  but  he  knows  from 
what  he  heard  from  those  who  were  fortunate  enough  to  make  it,  that 
the  trip  was  a  specially  enjoyable  one. 

Special  Committees. 

Reference  should  also  be  made  to  the  splendid  work  of  Special 
Committees  appointed  to  investigate  and  report  upon  Engineering 
problems,  twelve  of  which  have  made  Final  Reports  during  the  period 
under  consideration.  The  results  of  their  work  have  been  of  inestimable 
value,  but  all  that  is  possible,  within  the  limits  of  this  review,  is  to 
enumerate  the  subjects  upon  which  such  reports  have  been  received. 

Final  Reports  have  been  published  on  the  following  subjects: 

Impurities  in  Public  Water  Supply;  Standard  Rail  Sections — two 
Committees  reported  on  this,  one  in  1893  and  one  in  1910 — Uniform 
Methods  for  Testing  Materials  Used  in  Metallic  Structures,  and  Require- 
ments for  These  Materials  to  Further  Improve  the  Grade  of  Such 
Structures;  Standard  Time;  Regulating  Practice  of  Engineering; 
Status  of  the  Metric  System  in  the  United  States;  Uniform  Tests  of 
Cement;  Conditions  of  Employment  of,  and  Compensation  of,  Civil 
Engineers;  Concrete  and  Reinforced  Concrete;  Principles  and  Methods 
for  the  Valuation  of  Railroad  Property  and  Other  Public  Utilities; 
and  Floods  and  Flood  Prevention. 

At  the  present  time  six  Special  Committees,  all  of  which  have 
presented  one  or  more  reports  of  progress,  are  investigating  the  follow- 
ing subjects: 

Engineering  Education;  Steel  Columns  and  Struts;  Materials  for 
Road  Construction;  Bearing  Value  of  Soils  for  Foundations;  Regula- 
tion of  Water  Rights;  and  Stresses  in  Railroad  Track. 
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Medals  and  Prizes. 
On  October  1st,  1912,  the  Society  established  two  additional  prizes, 
as  follows:  The  J.  James  R.  Croes  Medal,  named  in  honor  of  the  first 
recipient  of  the  Norman  Medal;  and  the  James  Laurie  Prize,  named 
in  honor  of  the  first  President  of  the  Society.  The  first  consists  of  a 
medal  of  the  value  of  $40,  and  may  be  awarded  annually  to  such  paper 
as  may  be  judged  worthy,  and  be  next  in  order  of  merit  to  the  paper 
to  which  the  Norman  Medal  is  awarded;  the  second  consists  of  $40  in 
cash,  with  an  engraved  certificate  signed  by  the  President  and  by  the 
Secretary  of  the  Society.  This  prize  also  may  be  awarded  annually, 
under  the  rules  governing  the  award  of  the  Thomas  Fitch  Rowland 
Prize,  to  such  paper  as  may  be  judged  worthy  and  be  next  in  order 
of  merit  to  the  paper  to  which  the  Thomas  Fitch  Rowland  Prize  is 
awarded. 


In  a  recent  issue  of  Engineering  News-Record  the  following  edi- 
torial appears : 

"AND  THEY  ARE  FIGHTING  IN  FRANCE" 

"The  'Subsidence  of  Muck  and  Peat  Soils  in  Southern  Louisiana 
and  Florida'  was  the  title  of  a  paper  presented  two  weeks  ago  at  the 
meeting  of  the  American  Society  of  Civil  Engineers.  With  the  excep- 
tion of  three  war  addresses,  equally  peaceful  topics  have  occupied  the 
meetings  since  last  April.  The  fall  program,  so  far  as  announced, 
contains  no  papers  bearing  on  the  tremendous  industrial  and  engi- 
neering problems  which  the  winning  of  the  war  demands  that  we  solve. 
This  is  an  engineering  war,  yet  the  society  seems  not  to  recognize  its 
opportunity." 

It  is  unfortunate  that  such  an  improper,  unfounded  and  sarcastic 
editorial  insinuation  should  be  made  about  an  organization  whose 
aims  and  objects  are  clearly  unselfish,  in  a  commercial  publication  on 
which  the  Profession  in  a  large  measure  depends  for  its  technical  news. 

The  time  for  this  attack  upon  the  loyalty  of  this  Society — just  after 
it  has  become  one  of  the  Founder  Societies^ — leaves  an  impression  of 
malicious  intent. 

Of  late  all  of  us  have  heard  much  of  the  use  of  previously  unheard 
of  methods  of  warfare,  and  the  writer  feels  sure  that  every  right-minded 
member  of  our  Allies  of  the  Mining,  Mechanical  and  Electrical  Societies 
will  unite  with  the  members  of  this  Society  in  condemnation  of  this 
misuse  of  editorial  prerogative. 
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It  is  h()i)iHl  tlint  tlir  foUowiiifj:  brief  statement — written  before  the 
appearand'  <if  this  insult  to  tlio  Board  of  Direction  and  to  the  Mem- 
bership of  tiiis  Society— -will  be  a  sufficient  answer. 


Wau  Activitiks. 


As  soon  as  war  was  declared,  the  Society  placed  its  facilities  at 
the  disposal  of  the  Government,  and,  both  as  an  individual  organization 
and  jointly  with  the  other  Founder  Societies,  has  done  all  it  has  been 
asked  or  permitted  to  do. 

The  value  of  the  Engineer  has  been  recognized  to  a  greater  extent 
than  ever  before,  and  in  the  wonderful  progress  made  in  raising, 
training,  transporting,  and  maintaining  the  new  Army  of  the  United 
States,  as  well  as  in  the  investigation  and  solution  of  new  problems, 
he  has  been  a  most  important  factor. 

A  Joint  Committee  representing  the  National  Societies,  of  which 
William  Barclay  Parsons,  M.  Am.  Soc.  C.  E.,  was  Chairman,  was 
active  in  securing  the  legislation  which  provided  for  the  Engineer 
Reserve  Corps,  and  Committees  made  up  of  members  of  these  Societies 
have  been  instrumental  in  recruiting  Engineer  Regiments  in  many 
parts  of  the  country. 

In  1915,  in  the  absence  of  President  Marx,  the  writer  was  requested 
by  a  Sub-committee  of  the  Naval  Consulting  Board  to  co-operate  with 
it  and  representatives  of  other  National  Societies,  to  formulate  plans 
for  industrial  preparedness.  He  reported  to  the  Board  of  Direction, 
on  January  17th,  1916,  that  a  plan  had  been  developyed  by  the  Sub-com- 
mittee, acting  in  conjunction  with  the  five  National  Societies  repre- 
senting the  Civil,  Mining,  Mechanical,  Electrical,  and  Chemical  Engi- 
neers, for  securing  complete  statistics  of  the  industrial  strength  of 
the  country.  Under  this  plan,  in  each  State  of  the  Union,  one  repre- 
sentative, recommended  by  each  of  these  Societies,  was  appointed  as 
an  Associate  Member  of  the  Naval  Consulting  Board,  and  the  five 
Engineers  thus  appointed  in  each  State  constituted  a  Board  to  secure 
the  necessary  information  for  the  Government  through  the  aid  of  the 
more  than.  30  000  members  of  these  organizations.  As  is  well  known, 
this  great  work  was  carried  to  a  successful  conclusion. 

In  these  and  in  many  other  ways  the  Society,  and  its  Board  of 
Direction,  has  been  active  in  the  present  emergency. 
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Every  member  of  the  Society  must  read  with  pride  our  "Roll  of 
Honor",  the  first  issue  of  which,*  incomplete  as  it  undoubtedly  is,  con- 
tains the  names  of  575  Engineer  officers  who  -are  now  serving  in  the 
Army  and  Navy.  Since  that  list  went  to  press,  148  have  been  added 
to  it,  and  it  is  still  incomplete.  This  means  that  more  than  8^%  of 
the  entire  membership  wears  a  uniform.  The  list,  however,  does  not 
contain  the  names  of  hundreds  of  other  members  who  are  serving  their 
country  unobtrusively  but  still  no  less  unselfishly  and  effectively,  on 
Advisory  Boards  or  simi)ly  as  citizens.  The  writer  knows  of  many 
cases  where  at  great  personal  sacrifice  such  work  has  been  and  is  now 
being  done. 

Only  a  few  days  ago  a  suggestion  was  made  somewhat  timidly  over 
the  telephone  by  J.  W.  DuB.  Gould  (one  of  our  Members  who  is  devot- 
ing his  time  to  the  service  of  the  Government  but  who  is  one  of  those 
mentioned  as  not  listed  on  our  "Roll  of  Honor")  that  perhaps  the 
Society  might  consider  some  arrangement  by  which  the  United  States 
Food  Administration  could  secure  the  use  of  the  House  we  so 
recently  vacated  in  order  to  carry  on  its  work  in  New  York  City 
and  State.  The  writer  at  once  said  that  he  believed  that  the  Society 
would  be  glad  to  offer  this  House  for  the  use  of  the  Nation,  for  the 
purpose  specified,  free  of  charge. 

It  was  not  possible  to  get  the  Board  together;  indeed,  in  these  busy 
times,  a  meeting  of  the  Executive  Committee  is  difficult  to  secure.  By 
telephone,  however,  each  available  member  of  that  Committee  has  given 
his  imqualified  and  enthusiastic  support  to  the  proposition ;  the  arrange- 
ment has  been  made,  and  the  U.  S.  Eood  Administration  Board  will 
begin  work  at  our  old  home  on  Friday  of  this  week. 

It  is  perhaps  unnecessary  to  state  that  the  head  of  this  most  impor- 
tant Board  is  a  Member  of  this  Society — Herbert  C.  Hoover. 

Society  Staff. 
Any  statement  of  the  activities  of  the  Society  would  be  incomplete 
without  special  mention  of  the  staff  of  the  Secretary.  It  is  not  a  large 
one.  Before  the  transfer  of  the  Library  the  total  number  (exclusive 
of  Janitors  and  Office  Boys)  was  22 ;  since  that  time  it  has  been  some- 
what reduced.  T.  J.  McMinn,  M.  Am.  Soc.  C.  E.,  Assistant  Secretary, 
and  Miss  Eleanor  H.  Frick,  Chief  Office  Assistant,  have  served  the 
Society  for  twenty  years,  and  fourteen  others  for  periods  varying  from 
*  Proceedings^  Am.  Soc.  C.  B.,  Vol.  XLIII,  p.  698  (November,  1917). 
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18  to  3  years,  the  average  length  of  service  of  the  entire  force  being 
more  than  11  years.  The  Society  owes  much  to  the  work  of  its  em- 
ployees, and  the  writer  wishes  to  acknowledge  publicly  the  faithful, 
industrious,  efficient,  and  loyal  service  which  has  been  rendered  to  the 
Society  at  all  times,  as  well  as  to  express  his  personal  obligation  to  each 
of  them. 

Functions  of  a  National  Technical  Society. 

The  writer  believes  that  the  primary  functions  of  a  National 
Technical  Society  might  be  stated  about  as  follows : 

1 — To  advance  engineering  knowledge  and  practice. 

2 — To  maintain  the  dignity  and  standing  of  the  organization,  and 
to  preserve  the  high  character  and  professional  qualifications  of  its 
membership. 

3 — To  keep  in  touch  with,  and  to  take  proper  action  on,  all  matters 
in  which  the  relation  of  the  Profession  to  the  public  is  involved,  and 
to  render  service  to  the  Nation  when  occasion  demands. 

•i — -To  do  whatever  is  possible  for  its  Members  individually,  and, 
in  general,  to  return  to  them  an  equivalent  for  the  dues  paid. 

The  latter  function  necessarily  takes  the  form  of  providing  oppor- 
tunity for  professional  discussion,  both  formal  and  informal,  which, 
when,  as  is  the  case  in  this  Society,  more  than  80%  of  the  membership 
is  non-resident,  must  be  through  publications. 

The  use  of  the  Library  should  be  brought  as  far  as  possible  within 
the  reach  of  all,  and  all  matters  brought  to  the  attention  of  the  man- 
agement by  correspondence  should  be  handled  promptly  and  efficiently, 
including  the  keeping  of  special  records  of  members  seeking  profes- 
sional engagements  in  order  that  they  may  be  placed  at  the  disposal 
of  inquirers  for  technical  men  in  any  specialty.* 

Perhaps  the  most  difficult  problem  is  to  succeed  in  making  each 
member  feel  that  he  is  getting  as  much  benefit  as  every  other  member. 
The  men  who  framed  the  Constitution  of  the  Society  were  wise  enough 
to  make  a  decided  difference  in  the  amount  of  dues  to  be  paid  by  Resi- 
dent and  Non-Resident  Members,  but,  although  the  Resident  Member 
pays  66%  more  than  the  Non-Resident,  the  latter  is  still  inclined  to 
feel  that  those  who  live  near  Headquarters  derive  disproportionate  bene- 
fits, in  that  they  may  attend  all  meetings,  use  the  Reading  Room,  con- 

•  While  the  Society  has  not  advertised  as  an  employment  bureau,  this  plan  has 
been  in  use  for  many  years,  and  hundreds  of  members  liave  been  put  in  touch  with 
professional  opportunities. 
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suit  the  Library,  and  otherwise  avail  themselves  of  all  local  privileges. 
It  is  not  possible,  of  course,  to  arrange  matters  so  that  the  Non- 
Kesident  can  secure  all  these  privileges,  but,  during  the  past  twenty- 
five  years,  every  eifort  has  been  made  to  do  away  with  this  feeling. 
How  successful  these  efforts  have  been  must  be  left  to  the  individual 
judgment  of  each  member,  and  it  is  hoped  that  what  has  been  herein 
set  down  will  aid  in  the  formation  of  that  judgment. 

Co-operation. 

Why  did  this  Society  move  its  Headquarters?  It  occupied,  as  has 
been  shown,  a  dignified,  satisfactory,  commodious  House,  in  an  excel- 
lent location,  which  was  fully  paid  for;  its  standing  as  an  organization 
left  nothing  to  be  desired;  its  membership  was  increasing  rapidly  in  all 
parts  of  the  country.  Why,  then,  give  up  that  which  had  been  achieved 
by  many  years  of  unremitting  effort? 

It  seems  to  the  writer  that  the  answer  is  that  it  was  the  right  thing 
to  do.  What  if,  as  an  organization,  some  sacrifices  were  made?  What 
if  certain  details  of  the  movement  did  not  appeal  to  certain  individuals  ? 
Was  it,  or  was  it  not,  the  thing  to  do,  from  the  standpoint  of  the  Engi- 
neering Profession?  The  best  answer  to  these  enquiries  appears  to  be 
the  vote  of  the  membership,  which  was  2  500  in  favor  of,  and  only  390 
against  the  change. 

Since  the  inception  of  this  co-operative  movement  the  writer  has 
been  intimately  associated  with  it,  and  in  close  contact  with  the  men 
chosen  by  the  Founder  Societies  to  represent  the  other  branches  of  our 
great  Profession,  and  can  testify  that  the  most  broad-minded,  earnest, 
and  sincere  spirit  of  co-operation  has  been  manifest. 

In  a  report  to  the  Board  of  Direction  dated  September  20th,  1.915, 
the  writer  said: 

"The  value  of  unity  of  action  in  all  matters  which  affect  the  Pro- 
fession generally  must  be  conceded.  • 

"For  many  years  the  undersigned  has  been  endeavoring  to  bring 
about  such  a  condition ;  he  has  served  on  the  John  Fritz  Medal  Board 
of  Award  since  its  organization,  and  as  its  Executive  Officer  for  8  or 
9  years ;  and  is  now  its  Chairman ;  has,  with  Mr.  Eidgway,  represented 
our  Society  on  a  joint  committee  for  the  consideration  of  a  number  of 
subjects  *  *  *.  He  has  actively  represented  the  Society  on  the 
Committee  of  Management  of  the  International  Engineering  Congress, 
and  has  been  honored  by  the  United  Engineering  Society  by  election 
to,  and  is  now  serving  on,  the  Engineering  Foundation  Board. 
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"This  exiH'riciice  has  euiivinccJ  liiiii  that  there  should  be  a  per- 
inaiH'iit  Board  or  Committee,  composed  of  an  equal  number  of  represen- 
tatives of  the  four  National  Societies,  to  which  the  duty  of  repi-esenting 
the  80  000  professional  men  now  enrolled  in  their  membership  should 
be  given.  1'iiere  are  many  ways  in  which  such  a  representative  body 
could  help  the  status  of  the  engineer,  in  his  relations  with  clients,  em- 
ployers, and  the  public  generally,  which  cannot,  for  obvious  reasons,  be 
taken  up  by  any  one  of  the  Professional  Societies  individually,  and  it 
has  been  his  thought  that  an  organization  now  exists  (the  United  Engi- 
neering Society)  which,  if  the  representatives  of  the  Civil  Engineer  are 
added,  and  its  powers  somewhat  expanded,  would  be  ideal  for  the  pur- 
pose. He  now  believes  that  this  matter  should  be  the  subject  of  dis- 
cussion between  the  Committees  of  this  Society  and  of  the  United  Engi- 
neering Society  and  that  the  result  of  their  deliberation  should  be  made 
part  of  the  question  to  be  submitted  to  all  the  organizations  concerned." 

Two  years  have  elapsed  since  this  was  written,  and  without  doubt 
the  establishment  of  the  "Engineering  Council"  was  intended  to 
provide  for  this  long  felt  want.  Although,  up  to  the  present  time, 
the  writer  has  seen  no  reason  for  changing  the  opinion  expressed — 
that  the  United  Engineering  Society  is  the  organization  best  fitted  to 
act  on  these  most  vital  matters — it  is  hoped  and  expected  that  the  new 
body  will  prove  its  value. 


The  years  covered  by  this  review  have  been  indeed  busy  ones,  not 
without  times  of  serious  difficulty  and  trial,  but  the  bright  spots  after 
all  have  predominated.  Association  with  the  leaders  of  thought  along 
Engineering  and  Scientific  lines  is  always  broadening  and  helpful,  and 
the  writer  looks  back  with  pleasure  only  on  the  twenty-six  years  de- 
voted to  the  service  of  the  American  Society  of  Civil  Engineers,  during 
twenty-three  of  which  he  has  had  the  honor  to  be  its  Executive  Officer 
and  a  member  of  its  Board  of  Direction. 
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APPENI^IX    A 


CLASSIFICATION 

OF  THE  LIBRARY  OF 

THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

1898-1916 

BY 

Chas.  Warren  Hunt 

Secretary 


A-RAILROADS 

Aa 

General 

Ab 

Location 

Ac 

Construction 

Ad 

Equipment 

Ae 

Operation 

Af 

Legal  Documents 

Ag 

Reports.  Company 

Ah 

Reports,  State 

Ai 

Reports,  Government 

Aj 

History 

B-RAILROADS,  STREET 

Ba 

General 

Bb 

Location 

Be 

Construction 

Bd 

Equipment 

Be 

Operation 

Bf 

Legal  Documents 

Bg 

Reports,  Company 

Bh 

Reports,  City 

Bi 

Reports,  State 

Bj 

History 

C-WATERWAYS 

Ca 

General 

Cb 

Rivers 

Cc 

Harbors 

Cd 

Lakes 

Ce 

Oceans 

Cf 

Canals 

Cfa        History 

Cfb        Location 

Cfc        Construction            , 

Cfd        Equipment 

Cfe        Operation 

Off         Legal  Documents 

Cfg        Reports,  Company 

Cfh        Reports,  State 

Cfi         Reports,  Government 

D-WATER  SUPPLY 

Da 

General 

Db 

Water 

Dc 

Works 

Dd 

Power 

De 

Irrigation 

E-SANITATION 

Ea 

(ieneral 

Eb 

Drainage 

Ec 

Sewerage 

Ed 

House  Drainage 

Ee 

Sewage  Disposal 

Ef 

Garliage  Disposal 

Eg 

Health  and  Disease 

Eh 

Ventilation  and  Heating 

F-BRIDQES 

Pa 

General 

Eb 

Arch 

Fe 

Cantilever 

Fd 

Draw 

Fe 

Girder 

Ff 

Lift 

Fg 

Suspension 

Fh 

Truss 

Fi 

Viaducts 

a-MECHANICAL 

Ga 

General 

Gb 

Hydraulic  Machinery 

Go 

Steam  Engines 

Gd 

Boilers 

Ge 

Compressed  Air 

M-ELECTRIC 

Ha 

General 

Hb 

Light 

He 

Power 

Hd 

Telegraph 

He 

Telephone 

Hf 

Various  Uses 

l-GAS 

la 

General 

lb 

Coal 

Ic 

Natural 

Id 

Water 

J— ARCHITECTURE  AND  BUILDING 

J  a 

General 

Jb 

Buildings 

Jc 

Materials 

Jd 

Laws 

Je 

Fire  Prevention 

K-MARINE 

Ka 

General 

Kb 

Yards 

Ke 

Ordnance 

Kd 

Naval  Ships 

Ke 

Merchant  Ships 

Kf 

Steam  Boats 

L-MILITARY 

La 

General 

Lb 

Tactics 

Le 

Fortifications 

Ld 

Ordnance 

M— MINING 

Ma 

General 

Mb 

Coal 

Mc 

Copper 

Md 

Gold  and  Silver 

Me 

Iron 
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N— ROADS  AND  PAVEMENTS 


Na 

General 

Nb 

Earth 

Nc 

Broken  Stone 

Nd 

Plank 

Ne 

Monolithic 

Nf 

Brick 

Nh 

Stone  Block 

Ni 

Wooden  Block 

O-MUNICIPAL  REPORTS 


P— LANDSCAPE  ARCHITECTURE 


QEOORAPHY 

Qa 

General 

Qb 

physical 

Qc 

Statistics 

Qd 

Resources 

Qe 

Surveys 

Qf 

Maps  and  Atlases 

R-SURVEYING  AND  DRAWING 

S-SOCIETY  PUBLICATIONS 
Sa    North  America: 

Sal        Canada 
Sa'2        Mexico 
Sa3        United  States 
Sb— South  America: 

Sbl.       Argentine  Republic 
Sb4        Chile 
Sbll      Venezuela 


YEARS   OF 

SOCIETY    ACTIVITIES 

Tb— South  America: 

Tbl        Argentine  Republic 

Tb3        Brazil 

Tb5        Colombia 

Tb6       Ecuador 

Tb9        Peru 

Tbll      Venezuela 

Td— Europe: 

Tdl         Austria 

Td2        Belgium 

Td3        Denmark 

Td4        France 

:e 

Td5        Germany 

Td6        Great  Britain 

Td7        Hungary 

Td8       Italy 

Td9        Netherlands 

TdlO       Norway 

Tdl3       Russia 

Tdl4       Spain 

Tdl5      Sweden 

Te— Asia 

Tg— Australia 
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U-DICTIONARIES      AND      ENCYCLOPE- 
DIAS 


V-ENGINEERING   HANDBOOKS 
Y-QENERAL  SCIENCE 


Sc- 

-Central  America 

Sd 

—Europe: 

Sdl        Austria 

Sd2        Belgium 

Sd3        Denmark 

Sd4        France 

Sd5        Germany 

Sd6        Great  Britain 

SdS        Italy 

Sd9       Netherlands 

SdlO      Norway 

SdH      Portugal 

Sdl3      Russia 

Sdl4      Spain 

Sdlo      Sweden 

Sdl6      Switzerland 

Sc 

—Asia 

Sf 

-Africa 

Sg 

—Australia 

-PERIODICALS 
Ta    North  America: 

Ta2        Mexico 

Ta3        United  States 

Ta4        West  Indies 


Ya 

General 

Yb 

Agriculture  and  Forestry 

Yc 

Astronomy 

yc5 

Biology 

Yc9 

Botany 

Yd 

Chemistry 

Ye 

Education 

Yf 

Exhibitions 

Yh 

Geology 

Yh9 

Mathematics 

Yi 

Metallurgy 

Yj 

Meteorology 

Yk 

Patents 

Yl 

Physics 

Ym 

Weights  and  Measuies 

Yn 

Zoology 

5CELI 

Za 

LANEOUS 

General 

Za5 

Archaeology 

Zb 

Biography 

Ze 

Charities  and  Corrections 

Zd 

Commerce 

Ze 

Fine  Arts 

Zf 

Fisheries 

Zg 

History 

Zh 

Law 

Zi 

Manufactures 

Zj 

Political  Economy 

Zk 

Religion 
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APPENDIX    B 


PEOPOSED   CLASSIFICATION 

FOR  AN 

ENGINEERING   LIBRARY 

Compiled  by  Eleanor  H.  Frick  and  Esther  Raymond 

OF  THE  Library  Staff  of  the 

American  Society  of  Civil  Engineers 

Under  Direction  of  the  Secretary 

1916 

Accompanying  "The  Activities  of  the  American  Society  of  Civil 
Engineers  During  the  Past  Twenty-five  Years",  by  Chas.  Warren  Hunt, 
M.  Am.  Soc.  C.  E. 


Explanatory 


Civil  Engineering  is  the  only  class  which  has  been  expanded  in 
detail.  Certain  subjects  have,  of  necessity,  been  classed  arbitrarily, 
the  principal  thought  being  utility.  For  instance,  "Water  Wheels" 
are  placed  under  "Water  Power"  rather  than  under  "Hydraulic 
Machinery" — "Locomotives"  under  "Railroads"  rather  than  under 
"Steam  Engines". 

Acknowledgment 

To  acknowledge  every  source  used  in  compiling  this  classification 
is  not  possible,  because  hundreds  of  books  and  indexes  have  been  exam- 
ined ;  mention  should,  however,  be  made  of  unpublished  material  of  the 
Joint  Committee  on  Classification  of  Technical  Literature;  publications 
of  the  Library  of  Congress,  University  of  Illinois  Extension  of  Dewey, 
and  the  Dewey  Decimal  Classifications.  To  John  M.  Goodell,  and  Henry 
S.  Jacoby,  Associates,  Am.  Soc.  C.  E.,  T.  J.  McMinn,  and  A.  II.  Van 
Cleve,  Members,  Am.  Soc.  C.  E.,  Mr.  H.  E.  Haferkorn,  Librarian,  U.  S. 
Engineer  School,  Washington  Barracks,  and  members  of  the  Special 
Committee  on  Materials  for  Road  Construction,  of  the  American  Society 
of  Civil  Engineers,  special  acknowledgment  is  made. 
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CLASSES 


000  GENERAL 

100  CIVIL    ENGINEERING 

200  MECHANICAL    ENGINEERING 

300  ELECTRICAL     ENGINEERING 

400  MINING    ENGINEERING 

500  METALLURGY 

600  GAS  ENGINEERING 

700  CHEMICAL   TECHNOLOGY.      MANUFACTURES 

800  MILITARY   AND  NAVAL   SCIENCE 

900  OTHER    SUBJECTS 


DIVISIONS 


000   GENERAL 

010  Engineering  Bibliographies 

020  Engineering  Encyclopedias 

030  Engineering  Dictionaries 

040  Engineering  Directories 

050  Engineering  Societies 

060  Engineering  Periodicals 

070  Patents 

080  Engineering    in    General 

090  Materials   of   Engineering 

100   CIVIL    ENGINEERING 

110        Structural    Engineering.       Bridges. 

Buildings 
120        Surveying 
130        Railroads 
140        Street    Railroads 
150        Highways 

160        Hydrology.      Hydraulics.      Dams 
170        Waterways 
180        Water  Power.      Water- Works.     Ir 

rigation.      Drainage 
Sanitation 


500  METALLURGY 

510  Iron    and    Steel 

520  Gold    and   Silver 

530  Copper 

540  Lead 

550  Tin 

560  Zinc 

580  Other  Metals 

590  Assaying 

600  GAS  ENGINEERING 

610  Natural   Gas 

620  Materials 

630  Manufacture    and    Works 

640  Storage 

650  Distribution 

660  Utilization 

670  By    Products 

680  Management 


190 

200   MECHANICAL   ENGINEERING 

210 
220 
230 
240 
250 
260 
270 
280 


Power    Transmission.      Millwork 

Heat  Engineering 

Automobiles  « 

Aeronautics 

Hydraulic    Machinery 

Machinery    for    Special    Purposes 

Machine  Shops 

Miscellaneous    Types    of   Power 


-  700  CHEMICAL  TECHNOLOGY. 
MANUFACTURES 

710        Chemicals.      Dyes.      Pair 

720        Ceramics 

730        Metal  Manufactures. 

740        Lumbering.       Wood 

750        Paper    Making 

760        Textiles 

770        Leather   Manufacture. 

780        Foods  and  Beverages 

790        Miscellaneous   Industries 


300  ELECTRICAL    ENGINEERING 

310  Electric   Measurement 

320  Dynamo-Electric    Machinery 

330  Control 

34<i  Transmission 

35(1  Telephone 

36(1  Telegraph 

370  Lighting 

380  Chemical    Electricity.      Batteries. 

390  Other  Uses 

400  MINING  ENGINEERING 

410  Prospecting.      Mine   Surveying 

420  Excavation    and    Working 

430  Drainage   and    Sanitation 

440  Transportation 

450  Ventilation 

460  Lighting.      Signaling 

470  Electricity    in    Mining 

480  Accidents.      Safety   Measure 

490  Mining   Special    Kinds   of   Ore 


Machinery 
Manufactures 


Tanning 


800   MILITARY     AND     NAVAL     SCIENCE 

810  Military   Science.      General 

820  Fortifications 

830  Ordnance 

840  Naval    Architecture.      Shipbuilding 

850  Yards 

860  Navigation.      Shipping 

870  Naval   Science.      War   Vessels 

880  Naval   Strategy    and    Tactics 

890  Naval   Organization 

900  OTHER   SUBJECTS 

910  Philosophy. 

920  Religion 

930  Sociology 

940  Philology 

950  Natural    Science 

960  Useful     Arts     (Other     than     Engi- 
neering and  Manufactures) 

970  Fine  Arts 

980  Literature 

990  History 
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SUB=DIVISIONS 


To  Be  Used  With  Any  Class  or  Sub=Class 

The  following  nine  divisions  have  been  used  as  the  first  general 
sub-divisions  under  each  main  class.  They  may  also  be  used  with 
sub-divisions  of  any  class.  For  instance,  the  sub-division  Costs  and 
Estimates  (.04)  may  be  applied  to  the  general  subject  of  Electrical 
Engineering  (300.04),  and  may  also  be  used  under  Dynamo-Electric 
Machinery  (320),  a  sub-division  of  Electrical  Engineering  (320.04), 
and  also  under  Dynamotors  (322.3),  which  is  a  sub-division  of 
Diinayno-Electric  Machinery  (322.304) — Dynamo-Electric  Machinery 
being  320,  sub-division  Direct-Current  Machinery  being  322,  and  sub- 
division Dynamotors  being  322.3. 

.01  History 

.02  Laws  and  Legislation 

.03  Statistics 

.04  Costs  and  Estimates 

.05  Contracts  and   Specifications 

.06  Drawings 

.07  Congresses 

.08  Exhibitions 

.09  Tests.     Laboratories 

000  GENERAL 

010  Engineering  Bibliographies 

020  Engineering  Encyclopedias 

030  Engineering  Dictionaries 

040  Engineering  Directories 

050  Engineering  Societies 

060  Engineering  Periodicals 

070  Patents 

080  Engineering  in  General 

081  General  Works 

085  Ethics 

086  Valuation  of  Utilities    (For   Valuation   of   a   special   utility   see   special 
„-_  subject) 

<J07  Industrial   Management 

•  1  Organization 

•2  Efficiency  Engineering 

•21  Scientific    Management.      Motion    Study 

088  Construction  Work.      Contracting 

•1  Contracts  and  Specifications.      General  Works   (For  Special  Contracts 

and    Specifications,    See    .05,    under 
that    subject) 

■^  Organization 

■3  Methods 

•31  Timekeeping.etc. 

■4  Inspection 

•5  Contractors'  Plant 

"'*''  Excavation.      Earthwork        (See   also   420,    Excavation    and    Working, 

,  „                                                       under    Mining    Engineering) 

•1  Earth    Excavation 

•2  Rock   Excavation 

•3  Excavating    Machinery 

•31  Steam  Shovels 

non'^^  M  *     .Ditching   and   Trenching   Machinery 

001  Materials  of  Engineering        (See   also   111,    Mechanics   of   Materials) 
"^'  Engineering  and  Testing  Laboratories 

•1  Laboratory   Manuals 

%  Testing  Machines  and  Appliances 

a  Methods  of  Testing 
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Q91  Engineering    and   Testing    Laboratories    {Continued) 

31  St'liHtion  of  Test  Pieces.      Intluence  of  Temperatures,   etc. 

.32  Weathering 

33  Elastic  Limit  Tests 

■34-  Tension,  Compression,  Torsion,  P'lexure,  Shearing 

'341  Tensile  Tests 

.342  Compression  Tests 

.343  Torsion  Tests 

[344  Flexure   Tests 

.345  Shearing  Tests 

346  Repeated   Stress  Tests 

[35  Impact.   Repeated  Shock  Tests 

'36  Hardness  Tests                                                       . 

37  Special  Tests   (Varying  for  different  materials) 

'.38  Tests  on  Special  Shapes  and  Forms 

'39  Other  Tests 

092  Timber.      Strength  and  Testing 
1  Influence    of    Temperature 

'2  Weathering.      Decay   and  Preservation 

'3  Elastic  Limit  Tests 

4  Tension,  Compression,  Torsion.  Flexure,  Shearing 

■5  Impact.      Repeated    Shock   Tests 

6  Hardness   Tests 

.7  Special  Tests  for  Timber 

.8  Special  Shapes 

.81  Posts 

82  Columns 

!83  Shafts 

.9*  Description"^'  of  Various  Kinds  of  Timber   (Arranged  Alphabetically) 

093  Masonry    Materials 

1  Stone 

.11  Influence   of   Temperature 

12  Weathering 

'14  Tension,   Compression,    Shearing,    Crushing 

.15  Impact 

16      '  Hardness  Tests 

'17  Special    Tests    for   Stone,    etc. 

18  Special   Shapes  and  Forms                               ^    . ,   u   v,  ^.„„ll„^ 

;i9  Descriptions  of  Kinds  of   Stone    (Arranged   Alphabetically) 

2  Brick 

.21  Influence  of  Temperature 

'22  Weathering 

[24  Crushing  Tests 

27  Special   Tests 

'271  Rattler  Tests 

'272  Absorption  Tests 

'.3  Tile 

.4  Terra   Cotta 

.5  Lime.      Mortar 

61  Influence  of  Temperature.      Selection  of  Test  Pieces 

.62  Weathering 

.63  Tension,    Compression,    etc. 

65  Impact  Tests 

'66  Soundness.     Constancy    and   Time   of    Setting 

'67  Special  Tests 

■.671  Fineness   of   Grinding 

'672  Accelerated   Tests 

094  Concrete.      Strength  and  Testing                    „  ,     ,,          .  r,. 

1  Influence  of  Temperature  and  Mixing.      Selection   of  Pieces 

'11  Concrete  Aggregates 

.111  Sand 

112  Gravel 

.113  Slag 

114  Water 

'12  Forms.      Removal  of  Forms 

'13  Effects   of  Freezing  on   Concrete 

'2  Weathering.      Concrete    Finishing 

'21  Action  of  Salt  Water 

'22  Action   of  Gases   and   Other   Chemicals 

'23  Water-proofing 

'24  Concrete    Finishes.     Stucco 

'3  Elastic  Limit  Tests 

■4  Tension.    Compression.    Torsion,    Flexure,    Shearing 

.5  Impact 

.6  Hardness 
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094  Concrete.     Strength    and   Testing    (Coi} tinned) 
J  Special  Tests  for  Concrete 

.8  Special   Shapes 

81  Bars.      Slabs 

82  Columns.      Posts.      Footings 

095  Reinforced   Concrete.      Strength    and   Testing 

.1  Influence  of  Temperature.      Expansion   and  Contraction 

.2  Weatliering.      Corrosion    of    Reinforcement 

..'3  Elastic   Limit  Tests 

.4  Tension,  Compression,  Torsion,  Flexure,   Shearing 

'5  Impact.      Repeated   Shock  Tests 

.6  Hardness 

,7  Special   Tests 

.71  Bond  of  Concrete  and  Metal 

's  Special  Shapes 

.81  Bars.      Beams.      Slabs 

.82  Columns.      Posts.      Struts.     Footings 

.83  Shafts 

.84  Cylinders.      Pipes,  etc. 

.9  Types  of  Reinforcement 

096  Other  Non-=Metallic  Materials        (Glass,   Asbestos,    etc.) 

097  Iron  and  Steel 

.1  Effect  of  Temperature 

.2  Weathering.      Corrosion    and    Protection 

.3  Elastic  Limit  Tests 

.4  Tension,   Compression,  Torsion,   Flexure,   Shearing 

.5  Impact 

.6  Hardness 

.7  Special    Tests 

.8  Special    Shapes 

.81  Bars.      Beams 

.811  Continuous    Beams 

.82  Columns 

.83  Shafts 

.84  Cylinders.      Rollers.      Spheres.     Tubes.      Pipes 

.85  Rivets.      Pins.      Riveted   Joints 

.86  Nails.      Screws.      Bolts 

.87  Angles.      Shapes.      Plates 

.89  Other  Shapes 

.891  Springs 

.892  Wire 

.893  '                Chains.      Chain    Links 

.9  Special    Materials 

.91  Cast    Iron 

.92  Wrought    Iron 

.93  Steel 

098  Metals      (Other  than  Iron  and  Steel) 
.1  Copper 

.2  Zinc 

.9  Allovs 

099  Other  Materials 

100  CIVIL  ENGINEERING 

General 

.01  History 

.02  Laws  and  Legislation 

.03  Statistics 

.04  Costs   and   Estimates 

.05  Contracts  and   Specifications 

.06  Drawings 

.07  Congresses 

.08  Exhibitions 

.09  Tests.      Laboratories    {See    also    090.    Materials    of    Engineering) 

110  Structural   Engineering.     Bridges.      Buildings 

HI  Mechanics  of  Materials.      Strength  of  Materials.      General   Theory 

.1  Beams 

.11  Continuous   Beams 

.2  Columns.      Posts.      Struts 

.3  Shafts 

.4  Cylinders.      Spheres 

.5  Rollers.      Plates 

.6  Riveted  Joints.     Pin  Proportioning 

112  Theory  of  Design.     Stresses  and  Strains 

■  1  Analytic  Methods.      Graphic   Statics 

•2  Loads    and    Stresses    (General    Material    here.       For    Stresses    In    a 

Special    Structure,    See   112.9) 

•21  Dead  Loads 

.22  Live  Loads 
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112  Theory   of   Design.     Stresses    and    Strains    (Contiinied) 
.23  Impai't  L.oacls 

.24  Wind   Pressure 

.25  Snow    I.K)ads 

.3  Iron   and   Steel   Construction    (General.      For  an   Iron   Truss   Bridge, 

(See   112.92) 

.4  Masonry   Construction    (General) 

.41  Stone   Construction    (General) 

.42  Brick   Construction    (General) 

.5  Concrete    Construction    (General) 

.6  Reinforced   Concrete   Construction    (General) 

.7  Timber   Construction    (General) 

.8  Esthetics  of  Design 

.9  Design  of  Special  Types 

.91  Arches.      Arch  Bridges 

.911  Metallic 

.912  Masonry 

.913  Concrete 

.914  Reinforced   Concrete 

.92  Trusses.       Truss    Bridges 

.921  Simple 

.922  Continuous 

.93  Girders.      Girder   Bridges 

.94  Movable   Bridges 

.941  Swing 

.942  Lift       Bascule 

Turntables    (See    133.83) 

.95  Cantilever  Bridges 

.96  Suspension    Bridges 

.97  Viaducts 

.98  Other  Forms  of  Bridges 

.981  Ferry    Bridges.      Transporter   Bridges 

.982  Pontoon 

.983  Trestles 

.984  Tubular 

.99  Roofs.      Domes 

113  Foundations.     Bridge  Piers  and  Abutments 

General 

.001  Exploration   of  Site 

.0011  Borings 

.0012  Supporting    Power    of    Soils 

.002  Theory   of  Design 

.0021  Loads 

.0022  Area    of   Foundation    Required 

.0023  Center  of   Pressure   and   Center  of  Base 

.1  Underpinning.      Shoring 

.2  Spread   Foundations 

.21  Masonry    Footings 

.211  Stone 

.212  Brick 

.213  Concrete 

.214  Reinforced    Concrete 

.22  Timber    Grillage 

.23  Steel   Beam   Grillage 

.24  Eccentric    Footing 

.25  Cantilever    Footing 

.26  Inverted    Arch 

.3  Piles    and    Pile-Driving 

.31  Timber    Piles 

.311  Mechanical   Protection    (Cement  Mortar,  Galvanized   Iron,   Pipe, 

etc.) 
Preservation   of  Timber    (See   092.2) 

.32  Concrete    Piles 

.321  Pre-moulded 

.322  Cast  in  Place 

.33  Metal    Piles 

.331  Disk    Piles 

.332  Screw    Piles 

Sand    Piles    (See   113.913) 
Pneumatic   Piles    (See   113.6) 

.34  Sheet-Piles 

.35  Pile-Drivers 

.36  Driving    by   Water-Jet 

.37  Bearing   Power   of   Piles 

.4  Coffer-Dams 

.41  Earth 

.42  Sheet-Pile 
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113  Foundations.      Bridge    Piers    and    Abutments     (Continued) 
.43  Crib 

.44  Movable 

.45  Miscellaneous 

.5  Box    and    Open    Caissons 

.51  Box    Caissons 

.52  Single-Wall    Open    Caissons 

.53  Cylinder  Caissons    (Open   Wall.      Wood.      Iron.      Masonry) 

.54  Open    Caissons    with    Dredging   Wells 

.55  Hydraulic    Caissons 

.6  Pneumatic  Caissons 

.61  For  Bridges 

.62  For    Buildings 

.63  Caisson    Disease 

.7  Pier  Foundations   in   Open   Wells 

.8  Bridge   Piers.      Bridge  Abutments 

.81  Width  of  Waterway 

.9  Miscellaneous    Processes 

.91  Consolidating  the   Soil 

.911  By  Adding   Sand 

.912  By   Driving  Wooden   Piles 

.913  By   Using  Sand  Piles 

.914  By  the  Compressol  System 

.92  Drainage 

.93  Freezing 

.94  Grouting 

114  Retaining  Walls 

115  Bridges  in  General    (For   Design,    See    112) 

.1  For   Special   Uses    (For   general    material   only.      Class    with    special 

type  if  possible) 

.11  Highway   Bridges 

.12  Railrcad    Bridges 

.13  Military   Bridges    (See   also   112.982    and    116) 

.14  Park   and   Ornamental   Bridges 

.2  By   Special    Location 

.21  Skew   Bridges 

.3  Of    Special    Materials    (Divided    like    090.      Class   with    special    type 

if    possible) 

.4  Location.      Approaches 

.5  Selection    and   Comparison   of  Types 

Foundations.      Bridge   Piers    and    Abutments    (See    113) 

116  Bridge  Construction     (Put   here   only    practical   material   on    Erection, 

Maintenance,    Failures,    etc.,    and    Descriptions 
of   Bridges    actually    Built) 

.001  Shop    Practice.      Shop    Inspection 

.002  Layout  of  Plant 

.003  Erection.      Falsework.      Erecting    Equipment 

.004  Bridge    Floors 

.005  Bridge    Painting 

.008  Other   Details 

.009  Maintenance    (Inspection,  Lighting,   etc.) 

.1  Arch   Bridges 

.2  Truss  Bridges 

.3  Girder   Bridges 

.4  Movable  Bridges 

.5  Cantilever   Bridges 

.6  Suspension   Bridges 

.61  Towers 

.02  Anchorage 

.63  Cables 

.64  Stiffening   Trusses 

.7  Viaducts 

.9  Other  Forms 

.91  Ferry  Bridges.      Transporter  Bridges 

.92  Pontoons 

.93  Trestles 

.94  Tubular 

117  Building  Construction.  Buildings 
.003  Erection  of  Steel  Buildings 
.02  Building  Laws 

■  1  Details  of   Construction 

.11  Floors 

.12  Ceilings 

.13  Stairs 

.14  Windows   and   Doors 

.15  Chimneys  and  Flues 
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117  Building    Construction.      BulldlnKS     {Conti)iiie(t) 

.10  Roofs    and    Roofing    (For    Design    of    Roofs,    See    112.99,    Roofs, 

under   Theory    of    Design) 

.17  Vaults 

.18  Walls.     Partitions 

.19  Other  Details 

.191  Fire  Escapes 

.192  Scaffolding 

.193  Elevator  Shafts 

Ventilation    and    Heating    (See   227) 

.2  Educational,  Government  and  Scientific  Buildings.      Exhibitions,  etc. 

.3  Business    and    Commercial     (See    also     117.7,     Factories    and    Mill 

Buildings) 

.31  Offlce  Buildings 

.32  Stores,  etc. 

.33  Markets 

.4  Domestic   Architecture.      Residences 

.41  Houses.      Bungalows 

.42  Tenement  Houses.      Housing  of  the  Poor 

.421  Model    Factory    Towns 

.43  Apartment  Houses 

.44  Hotels 

.5  Storage    Buildings 

.51  Bins    (See  also   133.86,   Sand   Plants   and   Bins,   under  Railroads) 

.52  Coal    Storage    Plantis 

.53  Grain    Elevators 

.54  Ice   Houses 

.55  Lumber    Sheds 

.56  Warehouses 

.6  Hospitals    and   Asylums 

.7  Factories    and    Mill    Buildings 

.9  Other    Buildings 

.91  Prisons.      Reformatories   [See  also  Prisons,  under  Social  Sciences) 

.92  Churches.      Monuments.      Ma\isoIeuHis 

.93  Recreation   Buildings 

.931  Theatres 

.94  Baths 

.95  Public   Comfort   Stations 

.96  Wash   Houses.      Public  Laundries 

118  Fire   Prevention  and   Protection 
.1  Fire   Resistive   Construction 

.2  Fire  Prevention   and   Extinction 

.21  Fire  Alarms 

.22  Fire   E^xtinction 

.221"  Automatic   Sprinklers 

.222  Chemical    Engines.      Chemical    Systems 

.223  Fire  Engines,   etc. 

.224  Fire  Boats 

.3  Conflagrations    (Arranged    Alphabetically    by    Place) 

.4  Fire  Departments 

119  Other  Structures 

.1  Stadium    (e.   g.,  Yale   Bowl) 

.2  Subways    for   Passenger   and   Vehicular   Traffic 

.3  Pipe  Subways 

120  Surveying.      General 

121  Instruments 

.1  Tapes,    Chains,    Rods,    etc. 

.2  Compass 

.3  Transit   and   Theodolite 

.31  Solar  Attachment 

.4  Sextant 

.5  Photo    Theodolite 

.6  Plane   Table 

.7  Level 

.71  Aneroid    Barometer 

.8  Drawing    Instruments 

.9  Other  Instruments 

122  Land    Surveying 

123  City  Surveying 

124  Topographic  Surveying 

.9  Photographic   Surveying 

125  Geodetic  Surveying 

.1  Triangulation.      Rase   Lines 

.2  Stations,    Towers,    etc. 

.3  Adjustments  of  Errors 

.4  Astronomical  Observations 

126  Leveling 
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127  Plotting 

.1  Projections 

.2  Lettering 

.3  Photographic    Reproductions.      Blue   Prints 

130  Railroads 

General 

.01  History  of   Railroad   Engineering 

.011  History  of  Individual  Railroads    (Arranged  by  Railroad) 

.02  Laws   and   Legislation.      Legal   Documents 

.021  Of  Individual  Railroads    (Arranged  by  Railroad) 

.022  Of   States   or   Provinces    (Arranged   by    Name) 

.023  Of   Governments    (Arranged  by   Name) 

.03  Statistics 

.04  Costs  and  Estimates 

.05  Contracts   and    Specifications 

.06  Drawings 

.07  Congresses 

.08  Exhibitions 

.09  Tests.     Laboratories 

.9  General   Descriptions  of  Railroads    (Arranged  by   Name  and   Place) 

131  Location 

.1  Preliminary   Plans.      Economics   of   Location 

.11  Land   Grants 

.2  Surveying 

.21  Curves.      Transition    Spirals 

132  Construction  of  Roadbed     (To  sub-grade) 

Earthwork    {Hee   .089) 

.1  Drainage.      Culverts 

.2  Tunnels    and   Tunneling 

.21  Masonry  Lining 

.22  Grouting 

.3  Grade   Crossings.      Track    Elevation    and    Depression 

133  Construction  and  Maintenance  of  Permanent  Way 

.1  Roadmasters^    and    Trackmasters'    Regulations    and    Manuals 

.2  Gauge 

.3  Ballast 

.4  Ties  and  Sleepers 

.5  Rails 

.51  Rail-fastenings 

.6  Turnouts.      Frogs    and    Switches.      Track    Crossings 

.7  Removal    of    Wrecks,    Snow,    and    Weeds 

.71  Removal   of  Wrecks 

.72  Removal  of  Snow 

.73  Removal  of  Weeds 

.8  Track  Accessories 

■  81  Track  Tanks.      Fuel   and  Water   Stations 

.82  Ash-pits,    etc. 

.83  Turntables.      Transfer   Tables 

•  84  Fences,    Cattle-guards,    Snow    Guards 
.85  Snow    Sheds 

.86  Sand   Plants   and   Bins 

•  9  Yards   and  Terminals 

134  Buildings 

•  1  Passenger   Stations 
.2  Freight    Stations 

•3  Engine   Houses.      Roundhouses 

.4  Shops 

•5  Coal    Sheds 

135  Rolling   Stock 
.1  Cars 

.11  Car   Details 

.111  Wheels 

.112  Axles 

•113  Bearings    and   Lubrication 

•114  Springs 

•115  Couplings 

•116  Brakes 

•117  Furnishings 

•118  Sanitation,    Heating,    Lighting,    Ventilation 

•i-^  Passenger    Cars 

•13  Baggage    and    Mail    Cars 

•14  Freight    Cars 

•15  Work  Cars 

Motor   Cars    (See   136.6) 

•2  Locomotives     (Put    here    Manuals    for    Locomotive    Engineers    and 
Firemen.      See    also    Electric    Locomotives,    136.5) 
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135  Rollins   Stock    (Continned) 
.21  Design    and    Construction 

.22  Details    (Frames,   Boilers,   etc.      Divide   if  necessary) 

.23  Types 

.24  IjOcomotive  Tenders 

.25  Locomotive  Shops  and  Works 

.26  Locomotive  Maintenance  and   Repair.      Inspection 

.27  Locomotive   Performanco 

136  Use   of   Electricity.      General   Works   on    Electric   Railroads 

.1  Power    Ueiiuiriimiit.';.      Sub-Stations    (For    Power    Plants,    See    321, 

Electric  Plants,  under 
Electrical    Engineering) 

.2  Power   Transmission 

.21  Overhead   Trolley    Systems 

.22  Third-Rail    Systems 

.23  Other  Systems 

.3  Track     I   (  Material    to    be    classed    here    only    when    differing    in 

.4  Cars        \  '|     construction    from   ordinary   track    and   cars 

.5  Electric   Locomotives 

.6  Railway    Motor    Cars 

.7  ^      Rolling    Stock    Accessories    and    Parts 

.71  Motors,    Controllers,    etc. 

.8  Locomotive   and    Car   Wiring 

137  Operation 

.1  Signals  and  Signaling 

.11  Hand    Signals 

.12  Telegraph    and   Telephone   Systems 

.13  Block    Systems 

.14  Interlocking    Systems 

.2  Train    Movement 

.21  Train    Resistance 

.22  Train    Speed 

.23  Train    Load 

.24  Train    Running 

.241  Travelers'    Guides.     Time-Tables 

.3  Railroad    Accidents.      Safety    Measures 

.4  Traffic 

.41  Station   Management 

.42  Passenger  Traffic 


.43 

.44  Express 

.45  Mail    Service 

.46  Freight 

.5  Rates 

.51  Passenger    Tariffs 

.52  Freight  Tariffs 

.6  Finance 

.61  Capitalization 

.62  Valuation 

.63  Accounting 

.64  Receivership   and   Reorganization 

.65  Clearing   House 

.7  Organization    of  Staff   and   Force 

.71  Service    Rules    and    Regulations 

.72  Wages 

.73  Strikes 

.8  Federal  and  State  Relations 

138  Reports 

.1  Company   Reports 

.2  State   Commission    Reports    (Enter   here   only   serials   or    reports   so 

general  in  nature  that  they  cannot 
be  classed   elsewhere) 

.3  Government  Reports  (Above  note  applies  also  to  this  class) 

139  Miscellaneous    Kinds   of   Railways 
.1  Mountain 

.11  Cable 

.12  Rack 

.2  Monorail 

.3  Aerial   Tramways                  ^ 

.4  Industrial    Railways 

.5  Ship    Railways 

140  Street  Railways.      Elevated  Railways.      Subways 

General 

.01  History 

.02  Laws   and  Legislation 

.03  Statistics 

.04  Costs  and  Estimates 
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140 

Street    Railways.      Elevated    Railways.      Subways    (Continued) 

.05 

Contracts   and   Specifications 

.06 

Drawings 

.07 

Congresses 

.08 

Exhibitions 

.09 

Tests.      Laboratories 

.9 

General    Descriptions   of   Street    Railways    (Arranged   by   Name 

Place) 

and 

141 

Location 

.1 

Preliminary    Plans.      Promotion 

.2 

Surveys 

142 

Construction  in  General 

.1 

Surface    Railways 

.2 

Elevated    Railways 

.3 

Subways 

.4 

Freight    Subways 

143 

Construction  of  Track.     Maintenance 

.1 

Paving  Between   Tracks 

.2 

Rails.      Bonding 

.3 

Electrolysis.     Leakage 

144 

Structures  and  Buildings 

.1 

Passenger  Stations                                                                      • 

.2 

Car   Barns 

.3 

Shops 

.9 

Other   Structures 

145 

Rolling  Stock 

.1 

Cars 

.2 

Car    Heating    and    Lighting 

.3 

Car    Painting 

.4 

Car  Maintenance 

.5 

Accessories    and    Parts.      Street   Railway    Motors,    etc. 

146 

Traction 

.1 

Electric  Power  Requirements 
Electric  Power  Plants  (See  321) 

.2 

Electric  Power  Transmission  Systems 

.21 

Overhead   Trolley    Systems 

.22 

Underground    Conductors    (Conduits) 

.23 

Third  Rail   Systems 

.24 

Other   Systems 

.3 

Traction    Other    Than    Electric 

.31 

Cable 

.32 

Compressed  Air 

.33 

Horse 

147 

Operation 

.1 

Signals  and  Signaling 

.2 

Movement   of   Trains    and    Cars 

.3 

Accidents 

.4 

Traffic 

.5 

Finance  and  Accounts 

.51 

Capitalization 

.52 

Valuation 

.53 

Accounting 

.6 

Organization  and  Employees 

.7 

Municipal    and    State   Relations 

148 

Reports 

.1 

Company 

.2 

City 

.3 

State 

.4 

Government 

150 

Highways  (General   Works   and  Treatises  classed  here) 
General 

.01 

History 

.011 

Descriptive    Material     (Put    here    material    on    roads    of    ' 

'New 

Jersey".      "Lincoln      Highway", 

etc., 

arranged    by    locality) 

.02 

Legislation 

.021 

Municipal 

.022 

County 

.023 

State 

.024 

National                     * 

.03 

Statistics 

.031 

Local 

.032 

County 

.033 

State 

.034 

National 

.035 

Automobile  and  Motor  Truck 

.04 

Costs   and  Estimates 
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150  Highways    {Continued) 

.05  Contracts    and    Specifleations 

.06  DrawinRS 

.07  Congresses 

.08  Exhibitions 

.09  Tests.     Laboratories 

151  Administration.      Reports 
.1  Organization 

.11  Civil  Service  Registrations 

.2  Maintenance  Systems 

.3  Labor.      Convict  Labor 

.4  Inspection 

.5  Municipal  Reports 

.6  County  Reports 

.7  State  Reports 

■  S  Government  Reports 

152  Economics 
.1  Financing 

.11  Administration  and  Engineering 

.12  Construction  of  Highways 

.13  Maintenance  of  Highways 

.14  Labor  Tax 

.15  Bonds 

.16  Assessments 

.17  Appropriations 

.2  Accounting 

.3  Comparison  of  Different  Roads  and  Pavements 

.4  Effect  of  Road  Improvements  on  Social  and  Business  Conditions 

.5  Traffic 

.51  Census 

.52  Tractive  Resistances 

.53  Costs  of  Transportation 

.6  Contracting 

153  Design 

.1  Preliminary  Investigations 

.2  Highway  Systems 

.21  Municipal 

.22  County 

.23  State 

.24  Government 

.3  Surveys 

.4  Mapping 

.5  Location  and  Grades 

.6  Widths 

.7  Crowns,  Cross-Sections  and  Street  Intersections 

.8  Bridges  and  Fords   (Location  only.      For  Design  and  Construction  of 

Bridges,  See  110) 

.9  Miscellaneous 

154  Highway  Details 

.1  Grade  Crossings,  Elimination  of  (See  also  119.2) 

.2  Subsurface  Structures 

.21  Pavement  Openings 

.3  Sidewalks 

.31  Gravel 

.32  Cement-Concrete 

.33  Tar  Concrete 

.34  Asphalt 

.35  Brick 

.36  Stone  Flags 

.37  Stone  Blocks 

.38  Wood 

.39  Other  Materials 

.4  Curbs 

.41  Stone 

.42  Cement-Concrete 

.5  Fences,  Guard  Rails  and  Walls 

.6  Road   and   Street   Signs 

.7  Car  Tracks.  Paving  (See  also  143.1) 

.8  Trackways 

.9  Miscellaneous 

Roadsides,    Esthetic    Treatment    (See   971,    Landscape   Architecture) 
Tree  Culture  (See  963,  Agriculture  and  Forestry) 

Lighting     Systems      (See     371.2.     Electric     Lighting.      Illumination, 
Exterior  and  661.12.  Gas  Lighting.      Illumination,  Exterior) 

155  Grading,  Drainage  and  Foundations 
.1  Grading 

.11  Excavation 
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,55  Grading,  Drainage  and  Foundations   {Co7itinned) 

111  Earth 

!ll2  Rock 

'12  Embankments 

.121  Earth 

.122  Rock 

.13  Subgrade.s 

|l4  Special  Methods 

'l41  Swamps  and  Marshes 

^142  Side-hill  Grading 

.2  Drainage 

.21  Ditches 

.22  Gutters 

.23  Subdrains 

24  Culverts 

Catch  Basins  and  Inlets    (See   191.54) 

.3  Foundations 

.31  Natural 

.32  Artificial 

.321  Telford 

.322  V-Drain 

.323  Field  Stone 

'324  Broken  Stone 

^325  Gravel 

.326  Cement-Concrete 

156  Materials 

.1  Earth,  Sand  and  Clay 

.11  Burned  Clay 

.2  Gravel 

.3  Broken  Stone 

.4  Cement-Concrete 

.5  Stone  Blocks 

.6  Wood  Blocks 

.61  Preservatives 

.7  Brick 

.8  Bituminous  Materials 

.81  Petroleums 

.82  Asphalts 

.83  Rock  Asphalts 

.84  Tars 

.85  Tars  and  Asphalt  Compounds 

.9  Miscellaneous  Materials 

.91  Calcium  Chloride 

.92  Sulphite  Liquor 

.93  Shells 

.94  Slags 

.95  Clinkers 

157  Roads  and  Pavements 
.1  Earth  and  Sand-Clay 
.2  Gravel 

.3  Broken  Stone 

.4  Cement-Concrete 

.5  Stone  Block 

.6  Wood  Block 

.7  Brick 

.8  Bituminous  Pavements 

.81  Bituminous  Macadam 

.82  Bituminous  Concrete 

.821  One-Product  Screening  Plant 

.822  Broken  Stone  and  Sand 

.823  Asphalt  Block 

.824  Topeka 

.825  Bitulithic 

.826  Warrenlte 

.827  Amiesite 

.83  Sheet-Asphalt 

.84  Rock  Asphalt 

.85  Miscellaneous 

.851  Earth  Mix 

.852  Sand  Mix 

.853  Petrolithic 

.9  Miscellaneous 

.91  Slag 

.92  Cobblestone 

.93  Shell 

.94  Clinker 

.95  Wooden  Plank 
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157  Roads    and    Pavements    (Continued) 
.96  Corduroy 

.97  For  Special  Purposes 

^971  Service  Test  Roads 

.972  Race  Tracks 

i973  Bridle  Paths 

.974  Motor-Dromes 

975  Motor-Trackways 

158  Street  Cleaning,  Dust  Prevention  and  Snow  Removal 
.1  Street  Cleaning 

.11  Methods 

.12  Reports    (Arranged  by  Place) 

.2  Dust  Prevention 

.3  Snow  Removal 

159  Machinery  and  Tools 
.1  Grading  Machinery 
.11  Steam  Shovels 
.12  Road  Drags 

.13  Scrapers 

.14  Graders 

.15  Scarifiers 

2  Rollers  and  Tractors 

.3  Crushing.  Screening  and  Washing  Machinery 

.4  Mixing  Machinery 

.41  Cement-Concrete 

.42  Bituminous  Concrete 

!43  Sheet  Asphalt 

.5  Distributing  Machinery 

51  Watering  Carts 

52  Bituminous  Material  Distributors 

.6  Street  Cleaning  and  Snow  Removal  Machinery 

.61  Sweepers 

.62  Squeegees 

.63  Flushers 

.64  Snow  Plows 

.7  Motor  Trucks  and  Trailers 

'g  Small  Tools 

.9  Miscellaneous 

91  Wagons 

160  Hydrology.     Hydraulics.     Dams 

161  Hydrology.     Water  Resources 

.1  Physical   Properties  of  Water 

'll  Temperature 

!l2  Ice 

.2  Rainfall  and  Run-off 

.3  Stream  Measurements 

.4  Springs.      Wells 

.5  Underground    Water 

.6  Evaporation  and   Percolation 

7  Forest  Influences 

9  Hydrology  of  Individual  Localities    (Arranged  Geographically) 

162  Hydraulics 

.1  Instruments  of  Measurement 

11  Gauges    (For  Heights   and   Depths) 

'l2  Water-Flow   Meters    (For  Volumes) 

13  Current-Velocity   Meters 

^14  Floats    (For  Velocities   and   Directions) 

■15  Pitot  Tubes    I  (p^^  Pressures) 

.16  Piezometers    1 

.19  Other  Instruments 

.2  Flow   In   Open   Channels 

.21  Back-Water 

.22  Surges 

.3  Flow  over  Weirs 

4  Flow  through  Orifices 

.5  Flow  through  Short  Tubes  and  Nozzles 

.6  Flow  through   Pipes 

.61  Water-Hammer 

163  Hydrostatics 

164  Dams  and  Reservoirs.     General 
.1  Foundations 

.11  Exploration  and  Site 

.12  Borings 

.13  Seepage 

.2  Design 

.21  Profiles 

.3  Stream  Diversion 
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](54  Dams    and    Reservoirs.      General     (Continued) 

.4  Dam  Accessories 

.41  Gates 

.42  Spillways 

.4.3  Movable  Crests 

.44  Racks 

165  Fixed  Dams 
.1  Earthen 

.11  Hydraulic-Pill 

.2  Rock-Fill 

.21  Timber 

.22  Steel 

.3  Masonry 

.31  Gravity 

.311  Hollow 

.32  Arched                                   ' 

.33  Reinforced   Concrete 

166  Movable  Dams  (Resting  on  River  Beds) 
.1  Trestle 

.11  Needle 

.12  Gates  and  Shutters 

.13  Curtains 

.2  Wickets 

.3  Bear-Trap 

.4  Rolling 

.9  Other  Types 

Coffer-Dams    (See  113.4) 

167  Reservoirs 

170  Waterways 

General 

.01  History 

.02  Laws   and  Legislation                  j 

.021  Riparian  Rights 

.022  Water   Rights 

.023  Laws   of   Individual    States   or   Provinces 

.024  Laws  of  Individual  Governments 

.03  Statistics 

.04  Costs    and   Estimates 

.05  Contracts  and  Specifications 

.06  Drawings 

.07  Congresses 

.08  Exhibitions 

.09  Tests.     Laboratories 

.1  Water    Transportation    (Put   here    description    of    Special    Kinds    of 

TrafBc    (Grain    frade,    etc.),    also    Traffic 

Statistics) 

.7  Federal  and  State  Relations 

.71  Subsidies 

.8  Economics 

.81  Relation  to  Other  Transportation 

.82  Rates 

.9  Inland    Navigation    Systems    (Arranged    by    Country) 

.91  Special  Projects   (e.  g.  Lakes  and  Gulf  Waterways) 

171  Hydrographic  Surveying  (Put    actual    surveys    with    the    subject.      For 

Stream     Measurements,     See     161.3,     under 
Hydrology.      Hydraulics.      Dams) 

172  Excavation 

.1  Dredges  and  Dredging 

.2  Rock    Removal 

173  Coast  Erosion  and  Protection 
.1  Groins,   Spur  Dikes,   etc. 

.2  Sea  Walls    (See  also  Retaining  Walls,   114,   under  Structural   Engi- 
neering) 

■3  Reclamation   of  Tidal   Lands 

Breakwaters   and   Jetties    (See   175.11    and    175.12) 

1 75  Harbors 

.01  History 

•02  Laws   and  Legal   Documents 

.1  Protective  Works 

.11  Breakwaters 

.12  Jetties 

•  13  Roadsteads   and   Anchorage 

•14  Bulkheads.      Dock  and   Quay  Walls 

•2  Development  Works  and  Terminals 

.21  Terminals 

•22  Docks  and  Piers.     Wharves  (Includes  enclosed  docks  used  abroad) 

•23  Freight  Handling.     Dock  Machinery 
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175  Harbors    (Continued) 
.3  Operation 

.31  Rates 

.9  General  Description  of  Individual  Harbors    (Arranged  by  Harbor) 

176  Canals 

General 

.01  History 

.02  Laws   and   Legislation 

.03  Statistics 

.04  Costs   and  Estimates 

.05  Contracts    and    Specifications 

.06  Drawings 

.07  Congresses 

.08  Ebchibitions 

.09  Tests.      Laboratories 

.1  Location.      Preliminary    Investigations.      Dimensions. 

.11  ■    _       Location    of    Individual    Canals    (Arranged    by   Name   of   Canal    or 

Locality) 

.2  Construction    and   Equipment 

.21  Excavation 

.22  Embankments 

.23  Locks  and  Lock-Gates 

.24  Inclines   and   Lifts 

.25  Aqueducts    and   Siphons 

.26  Enlargement 

Dams  and  Reservoirs   (See  164) 

.27  Traction 

.271  Motive   Power 

.272  Boats 

.273  Resistance   of  Water 

.29  Of  Individual  Canals   (Arranged  by  Name  of  Canal  or  Locality) 

.3  Operation 

.31  Management 

.32  Finance 

.321  Rates 

.33  Freight 

.34  Relations   to   Commerce   and   other  Forms   of   Transportation 

.35  Of  Individual  Canals  (Arranged  by  Name  of  Canal  or  Locality) 

.5  Company   Reports 

.6  State   Reports 

.7  Government  Reports 

.8  Federal    and    State    Relations     (General    only.      Special    reports    go 

with    State    and    Government    Re- 
ports) 

.9  General    Description    of    Canals    (Arranged    by    Name    of    Canal    or 

Locality) 

177  Rivers 

River  Hydraulics  and  Stream  Measurements   (See  160) 
Dredging   {See  172) 
.1  Regulation 

.11  Storage   and   Regulation   Reservoirs    (Put   here  general   discussion 

of  the  subject.     For  theory 
of     design     and     construc- 
tion, See  160) 
.12  Channel  Contraction 

.13  Bank   and   Bed  Protection 

.131  Training  "Walls 

.132  Spur-Dikes,   Groins,  Hurdles,   etc. 

.133  Ground   Sills 

.134  Levees    (Including    Embankments    and    Dikes) 

.135  Revetments    (Including  River  Walls,    Pavings,   Mattresses,   etc.) 

.14  River  Outlets   (Embouchures) 

.141  .Jetties,    Moles,  etc. 

.2  Canalization 

Dams   (See  164) 

Locks    and    Lock-Gates    (See    also    Construction    and    Equipment, 
176.2,   under   Canals.) 
.3  Floods  and  Flood  Control 

Rainfall   and   Run-off    (See   161.2) 

Reservoirs.    Channel   Improvement,   Levees    (See   177.1) 
.9  Individual  Rivers  (Arranged  by  Name  of  River  or  Locality) 

178  Lakes 

179  Oceans 
.1  Tides 

.11  Theory 

.12  Application 

.2  Currents 
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179  Oceans    (Continued) 
.21  Theory 

.22  Application 

3  Waves 

4  Individual  Oceans,  or  Arms   (e.  g.  Gulf  of  Mexico.     Arranged  under 

Name.) 

180  Water  Power.     Water=Works.     Irrigation.     Drainage 

181  Water   Power.     Hydro-electric   Plants 
.1  Investigation 

.2  Design  and  Construction 

Dams    (/See  164) 

.21  Canals.     Flumes.      Tunnels. 

.211  Racks 

.22  Wheel    Pits 

.23  Penstocks 

.24  Draft-Tubes 

.25  Power-House 

.26  Water-Wheels 

.2609  Testing 

.261  Gravity 

.262  Turbine 

.2621  Action 

.2622  Reaction 

.263  Auxiliaries 

Electric  Machinery  (See  300) 

Transmission  (See  340) 

.3  Cost  and   Sale  of  Power 

.4  Damage  by  Water  Diversion 

.5  Valuation 

.6  Water  Powers.      Undeveloped  (Arranged  by  Place) 

.7  Water  Powers.      Developed  (Arranged  by  Place) 

182  Water- Works.     General 
.01  History 

.02  Laws  and  Legislation 

.03  Statistics 

.04  Costs  and  Estimates 

.05  Contracts  and  Specifications 

.06  Drawings 

.07  Congresses 

.08  Exhibitions 

.09  Tests.     Laboratories 

.1  Preliminary    Investigations.     Quantity   of   Water   Required 

.2  Collection  of  Water 

.21  By  Wells 

.211  Artesian 

.22  In  Reservoirs    (For  Construction,   See  164,   Dams   and  Reservoirs, 

under     Hydrology.     Hydraulics.     Dams) 

.23  Through   Intakes 

.24  By    Infiltration    Galleries 

183  Analysis.      Quality      (See  also  161.1,  Physical  Properties  of  Water, under 

Hydrology.     Hydraulics.     Dams) 

184  Purification  of  Water 

.1  Mechanical   Treatment 

.11  Sedimentation 

.12  Filtration 

.121  Natural  Filtration 

.122  Sand  Filtration 

.123  Domestic  Filters 

.2  Chemical   Purification 

.21  Precipitation 

.22  Aeration 

.23  Ozone  Treatment 

•24  Copper  Sulphate  Treatment 

.29  Other  Methods 

.3  Electrical   Treatment 

•4  Bacterial  Purification 

.5  Water  Softening 

185  Distribution  of  Water 

.1  Aqueducts.     Conduits.     Canals 

.11  Water  Supply  Tunnels 

.12  Siphons 

•2  Pumping    Plants    (For    Pumping    Machinery,    See    251,    Pumps    and 

Pumping  Engines,  under  Mechanical  Engi- 
neering) 

•3  Stand-pipes  and  Tanks 

•4  Mains  and  Services 

•41  Cast  Iron 
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185  Distribution   of  Water    (Continued) 

.42  Steel 

.43  Concrete  and  Reinforced  Concrete 

.44  Wood 

.45  Clay 

.47  Other  Kinds  of  Mains 

.48  Coatings.     Water-proofing 

.49  Accessories.      Gates,    Valves,    etc. 

.5  Meters 

.6  Water  Waste 

186  Management 

.1  Maintenance 

.2  Rates 

.3  Finance 

.4  Valuation 

.5  Accounting 

187  Rural  and  Isolated  Water  Supply 

188  Water  Supply  of  Indnidual  Places  (Arranged  by  Place) 

189  Irrigation.      Drainage.      Land  Reclamation 
.01  History 

.02  Laws  and  Legislation 

.03  Statistics 

.04  Costs  and  Estimates 

.05  Contracts   and   Specifications 

.06  Drawings 

.07  Congresses 

.08  Exhibitions 

.09  Tests.      Laboratories 

.1  Construction  of  Systems 

.11  Flumes  and  Conduits 

.12  Irrigation  Canals 

.2  Measurement  of  Irrigation   Water 

.21  Weirs 

.22  Modules 

.3  Management  and  Operation 

.31  Duty  of  Water 

.8  Drainage.      Land  Reclamation 

.81  Reclamation  of  Bogs,  Swamps,  Lakes,  etc. 

.9  Reports  and  Descriptions.      Irrigation  Projects   (Arranged  by  Place) 

190  Sanitation 

.01  History 

.02  Laws    and   Legislation 

.03  Statistics 

.04  Costs  and  Estimates 

.05-  Contracts  and  Specifications 

.06  Drawings 

.07  Congresses 

.08  Exhibitions 

.09  Tests.      Laboratories 

191  Sewerage  (Put  here  General  Treatises  on  Sewerage) 
.01  History 

.02  Laws  and  Legislation 

.03  Statistics 

.04  Costs  and  Estimates 

.05  Contracts  and  Specifications 

.06  Drawings 

.07  Congresses 

.08  Exhibitions 

.09  Tests.      Laboratories 

.1  Sewerage    System.      Comparative    Schemes    of    Main    Drainage    for 

Various   Districts 

.11  Combined  System 

.12  Separate  Systems 

.121  Sanitary  Sewers 

.122  Storm-Water   Drains 

.13  Liornur    System 

.14  Shone   System 

.15  Other    Systems 

.16  Preliminary    Investigation.      Surveys.      Population 

.161  Topography 

Rainfall  and  Run-off  (See  161.2) 

.17  Economics.      Financing  Sewerage  Works 

.171  Methods   of   Accounting 

.172  Valuation.     Depreciation 

.2  Volume  of  Flow 

.21  Storm-Water 

.211  Run-off 
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194 

Refuse   Disposal 

.1 

Garbage 

.2 

Ashes.     Rubbish.     Street  Sweepings 

.3 

Animals 

.4 

Slaughter-House   and   Market  Refuse 

.5 

Factory  and  Trade  Wastes 

.6 

Incineration  Plants 

.7 

Reduction  Plants 

197 

Air  Pollution 

.1 

Dust 

.2 

Gases 

.3 

Odors 

Smoke    (Sec  222.13) 

198 

Industrial  and  Factory  Sanitation 

Plumbing  of  Factories   (See  192.18) 

199 

Public   Health.      Vital   Statistics 

.1 

Food  Regulations.      Ice.      Drugs 

.11 

Milk  and  Milk  Products 

.12 

Animal  and  Plant  Foods 

.13 

Ice 

.14 

Drugs 

Housing   Conditions    (See   117.42) 

.2 

Fly  and  Mosquito  Suppression 

.3 

Contagious  and   Infectious  Diseases 

.31 

Epidemics 

.32 

Quarantine 

.33 

Disinfection 

Hospitals    (See   961    and    117.6) 

.4 

Disposal    of    the    Dead 

.41 

Undertaking  and  Embalming 

.42 

Cremation 

.8 

Registration.      Vital    Statistics 

.9 

Boards   of   Health.      Reports 

.91 

City 

.92 

State 

.93 

Government 

200  MECHANICAL   ENGINEERING 

General 

.01  History 

■02  Laws    and    Legislation 

.03  Statistics 

•04  Costs    and    Estimates 

•05  Contracts   and   Specifications 

.06  Drawings 

.07  Congresses 

.08  Exhibitions 

•09  Tests.      Laboratories 

201  Mechanics  of  Machines.      Strength  of  Materials 

202  Machine   Drawing 

203  Machine   Parts 

•1  Fastenings.      Bolts.     Rivets.      Screws 

.2  Axles 

•J  Cranks.      Cams 

.4  Springs 

.5  Bearings 

.6  Couplings 

.7  Shafting 

•  9  Other   Parts 

20f  Lubrication.      Friction 

205  Balancing  of  Engines 

209  Reports 

210  Power  Transmission.      Mill  Work 

211  Links  and  Link  Motion 

212  Gearing 

21.3  Belts  and  Pulleys 

214  Chain  Transmission 

220  Heat   Engineering 

221  Thermodynamics.     Theory  of  Heat  Engines 

222  Heat  Generation 
•1  Combustion 
.11  Chemistry 

•12  Temperatures.      Pyrometry 

•13  Smoke.     Smoke   Prevention 

•2  Fuel.      Production,  Analysis,   and   Use 
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222  Heat    Generation    (Continued) 
.21  Coal 

Coke    (See  671,   under   Gas    Engineering) 

.22  Wood 

.23  Charcoal 

.24  Pulverized    Fuel.      Briquettes 

.25  Liquid   Fuel 

.26  Gas    Fuel 

.29  Other   Fuels 

.3  Furnaces 

.31  Draft 

.32  Grates 

.33  Stokers 

.34  Ash-Burners 

.35  Ash   Disposal 

.4  Liquid    Fuel    Apparatus 

223  Steam   Engineering 

.1  Steam     (Properties,    etc.) 

.2  Steam   Boilers.      Design.      Construction 

223.21  Water     Supply.      Corrosion     (For    Water     Softening.     See     184.5, 

under    Purification    of    Water) 

.211  Feed-Water   Heaters 

.22  Details  and  Parts 

.221  Rivets.      Stays 

.222  Tubes 

.23  Boiler   Accessories 

.231  Superheaters 

.24  Types   (For  Locomotive  Boilers,  See  135.22,  under  Rolling  Stock) 

.241  Fire-Tube  Boilers 

.242  Water-Tube  Boilers 

.243  Stationary    Boilers 

.244  Marine  Boilers 

.25  Operation    and   Economy 

.26  Explosions.      Accidents 

.261  Boiler   Inspection 

.3  Steam    Engines 

.31  Details    and   Parts 

.311  Valves  and  Valve  Gears 

.312  Cylinders 

.313  Governors 

.314  Fiy-^Tieels 

.315  Indicators 

.32  Steam  Turbines 

.33  Types    (Not  Classed   Elsewhere) 

.331  Steam   Turbines 

.332  Traction  Engines 

.333  Stationary  Engines 

.334  Portable  Engines 

.335  Rotary  Engines 

.336  Marine  Engines 

.4  Steam  Power  and  Boiler  Plants 

.41  Piping 

.42  Condensers 

.43  Cooling  Towers  and  Ponds 

224  Gas  and  Oil   Engines.      Internal   Combustion   Engines 
.1  Details    and    Parts 

.11  Ignition 

.12  Carburetion 

.13  Governors 

.14  Valves  and  Valve  Gears 

.2  Tyi'e.-. 

.21  Gas    Engines 

.22  Oil    Engines 

.23  Gasoline   Engines 

.24  Alidliol    Engines 

3  Gas    Power   Plants 

225  Compressed  Air 

226  Refrigeration 

227  Heating  and  Ventilation 
230  .Automobiles 

2*0  .Aeronautics 

250  Hydraulic  Machinery.    (For     general     theory     of     Hydraulics,     See     160, 

Hydrology.  Hydraulics.  Dams.  For  Water 
Whirels  and  Turbines,  See  181.26,  under 
Water   Power) 

251  Pumps   nnd   Pumping  Engines     (See    also    432,    Mine   Pumps) 

252  Hydraulic  Presses 
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253  Hydraulic  Rams 

Hydraulic  Lifts.     Elevators.     Cranes   (See  260) 

260  Machinery   for  Special   Purposes 

261  Hoisting  and  Conveying  Machinery 
]  Cranes    and    Derricks 

,2  Cableways 

.3  Ccal    Handling 

^4  Ore    Handling 

262  Elevators 

263  Agricultural   Machinery 

264  Drving   Machinery 

270  Machine  Shops   and   Machine   Shop   Practice 

271  Machine   Shop   Management 

272  Machine  Tools 

1  Planing   Macnines 

.2  Grinding  and   Filing 

.3  Cutting  and   Sawing 

.4  Turning   and    Milling.      Lathes 

.5  Drills 

.6  Punching    and    Shearing 

.7  Bending.      Straightening.      Shaping 

280  Miscellaneous.      Types  of   Power 

281  Animal    Power 

282  Solar  Engines 

283  Wind    Power 
.1  Windmills 

300  ELECTRICAL   ENGINEERING 

General 

.01  History 

.02  Laws   and   Legislation 

.03  Statistics 

.04  Costs    and    Estimates 

.05  Contracts    and    Specifications 

.06  Drawings 

.07  Congresses 

.08  Exhibitions 

.09  Te-'ts,      Laboratories 

306  Induction    Coil 

308  Economics 
.1  Rates 

.2  Valuation 

.3  Contracting 

309  Electric  Utilities.      Reports  of  Companies 

310  Electric   Measurement 

311  Units   and    Standards 

312  Meters 

.1  Ammeter 

.2  Voltmeter 

.3  Ohmmeter 

.4  Watt-meter 

.5  Goniometer 

.6  Potentiometer 

.7  Galvanometer 

.8  Wheatstone    Bridge.      Slide-Wire   Bridge 

.9  Other   Meters 

.^13  Current    Measurement 

314  Power  Measurement 

315  Resistance    Measurement 

316  Potential    Measurement 

317  Capacity   Measurement 

318  Inductance  Measurement 

319  Other    Measurements 

320  Dynamo=EIectric    Machinery.      Transformers.      Central    Stations 
.1  Armature  and  Field  Windings 

321  Electric   Plants.      Central   Stations.    (For    Hydro-Electric    Plants,    See 

181,    under    Water    Power) 

.1  Steam    Driven 

.2  Gas   Driven 

.3  Oil    Driven 

.4  Operation    and    Management 

.41  Maintenance 

.42  Rates 

.43  Finance 

.44  Vahiation 

.45  Accounting 
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322  Direct   Currents   and    Machines 

.1  Generators 

.2  Motors 

.3  Dynamotors 

.4  Direct-Current     Boosters 

323  AiternatinK    Currents    and    Machines 
.1  Synchronous  Machines 

.11  Generators 

.12  Motors 

.13  Converters    (Rotary    Converters) 

.2  Asynchronous   Machines.      Induction   Machines 

.21  Induttion    Generators 

.211  Single-Phase 

.212  Three-Phase 

.22  Induction    Motors 

.221  Single-Pha.se 

.222  Polyphase 

.3  Motor-Converters 

.4  Alternating-Current   Commutator  Motors 

.41  Scries    Motors 

.42  Ktpulsion   Motors 

324  Double-Current  Generators 

325  Motor  Generators 

326  Rectifying   Apparatus 

327  Stationary  Induction  Apparatus 
.1  Transfni  mers 

.2  Auto-Transformers.      Compensators 

.3  Potential   Regulators 

.4  Reactors   or   Reactance   Coils 

328  Electrostatic    Apparatus 
.1  Condensers 

330  Control    Devices.      Switches    and    Switch-boards 

331  Switches 

332  Switch-boards.      Panels 

333  Controllers.      Rheostats 

338  Wireless  Control 

339  Protective    Devices 
.1  Fuses 

.2  Circuit    Breakers 

.3  Reactances 

.4  Lightning  Protection 

340  Transmission.      Distribution 

341  Systems.      Line    Phenomena 
.1  Direct   Current 

.2  Alternating  Current 

342  Transmission    Materials 
.1  Wire 

.2  Cables 

.3  Insulators 

343  Overhead   Lines 

.1  Design    of    Overhead    Lines.      Catenary.      Stresses.      Wind    Pressure 

.2  Poles 

.3  Towers 

.4  Accessories.      Cross-Arms.      Pins 

344  Underground   Lines 

345  Electric   Wiring 

350  Telephone 

351  Line  Transmission 

352  Systems 

353  Instruments 

.1  Transmitter 

.2  Receiver 

354  Switch-boards  and  Other  Station   Equipment 

357  Wireless   Telephony 

358  Operation.      Rates 

359  Telephone   Companies.      Reports 

360  Telegraph 

361  Line  Transmission 

362  Instruments 

363  Systems.      Codes 
.1  Morse 

.2  Hughes 

.3  Simplex 

.4  Multiplex 

364  Printing   Telegraphy 

365  Picture  Telegraphy 
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366 

Submarine  Cable  Telegraphy 

367 

Wireless  Telegraphy 

368 

Operation.      Rates 

369 

Companies.      Reports 

370 

Electric   Lighting 

371 

Illumination 

.1 

Interior 

Exterior.      Streets,    Parks,    etc. 

372*" 

Electric  Lamps 

.1 

Arc   Lamps 

.11 

Carbon 

.12 

Mineralized 

.13 

Vapor 

2 

Incandescent  Filament  Lamps 

.21 

Carbon  and   Carbon   Metallized 

.22 

Metal 

.2,3 

Other 

373 

Electric   Light   Plants   lor   Country    Houses,   etc. 

374 

Special  Uses  of  Electric  Light 

.1 

Searchlights 

.2 

Signs 

380 

Chemical  Electricity.     Batteries 

381 

Primary   Cells 

382 

Storage   Batteries.      Accumulators 

383 

Lead   Accumulators 

390 

Other  Uses  of  Electricity 

391 

Industrial 

.1 

Electric   Drive 

Elevators,    Cranes    (See    260,    under   Mechanical 

Engineering) 

392 

Domestic 

393 

Therapeutic 

394 

Agricultural 

Mining    (See   470,    under   Mining   Engineering) 

400  MINING  ENGINEERING 

General 

.01  History 

.02  Laws  and   Legislation 

.03  Statistics 

.04  Costs  and  Estimates 

.05  Contracts   and   Specifications 

.06  Drawings 

.07  Congresses 

.08  Exhibitions 

.09  Tests.      Laboratories 

"408  Economics.      Mine  Accounting 

409  Organization  and  Administration 
.1  Mine    Labor 

■2  Reports   of   Mine    Departments   and    Inspectors 

410  Prospecting.      Mine   Surveying 

411  Prospecting 

.1  Divining  Rod 

412  Mine  Surveying 

413  Mine   Models 

414  Sampling 

415  Valuation 

416  Prospectuses 

420  Excavation  and  Working 

421  Open  Working 
.1  Placer  Mining 

•  11  Working   with    Pan 
.12  Sluicing 

•  13  Hydraulic    Mining 

•  14  Dredging 

422  Drilling.      Blasting 
.1  Explosives 

423  Quarrying 

424  Boring 

425  Shaft   Sinking 

■  1  Shaft   Lining 

426  Tunneling  and  Drifting 

427  Stoping 

j28  Timbering   and    Mine    Supports.      Masonry    Lining 

430  Drainage   and   Sanitation 

431  Mine   Waters 
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432  Mine   Pumps 

433  Mine    Dams 

434  Sanitation 

440  Transportation.      Haulage   and   Hoisting 

441  LlnderKround   Haulage 

442  Mine  Locomotives 

443  Hoisting 

.1  IIolstiriK   EriRines 

.2  Cages.      Skip-;,      liiickets 

444  Surface  Transportation 

445  Storage       {Sec    also     117.52,     Coal     Storage     Plants,     under     Building 

Construction) 

450  Ventilation 

451  Mine   Gases.      Fire-damp. 

460  Lighting.      Signaling 

461  Safety  Lamps 

462  Signals  and  Signaling 
470  Electricity  in   Minine 

480  Accidents.      Safety   Measures   and   First   Aid 

481  Explosives 

.1  Dust   Explosions 

482  Mine  Fires 

483  Safety    Regulations 

484  Mine    Rescue    Work.      First    Aid 

490  Mining   of   Special    Kinds   of   Ore 

491  Coal    Mining 

492  Copper  Mining 

493  Gold    and    Sil\er    Mining 

494  Iron  Mining 

495  Lead    Mining 

496  Petroleum    Mining 

497  Tin   Mining 

498  Zinc  Mining 

499  Miscellaneous      (Arranged    Alphabetically    by    Metal,    e.    p.,    Antimony, 

Cadmium,    Cobalt,   etc.) 

500  METALLURGY 

General 

.01  History 

.02  Laws    and    Legislation 

.03  Statistics 

.04  Costs   and   Estimates 

.05  Contracts    and    Specifications 

.06  Drawings 

.07  Congresses 

.08  Exhibitions 

,09  Tests.      Laboratories 

501  Physics  and  Chemistry  of  Metals.      Metallography 

502  Alloys 

503  Ore  Dressing.      Milling  of  Ore     (See   also    under    each    Metal) 
.1  Crushing,    Grinding     etc. 

,2  Concentration.      Sizing.      Sorting 

.21  Flotation 

.3  Amalgamation 

.4  Cyanide    Process 

504  Pyro-metallurgy     (General) 

.1  Fuel    (See  also   222.2,   Fuel,    under   Mechanical    Engineering) 

.2  Refractory    Materials 

.3  Furnaces 

.4  Gases 

.5  Smelting 

505  Hydro-metallurgy      (General) 

506  Electro-metallurgy      (General) 

508  Economics.      Trade 

509  Reports 

510  Iron   and    Steel 

.1  Phvsics   and   Chemistry.      Metallography 

.2  Alloys 

511  Ore  Dressing 
513  Pyro-metallurgy 

.1  Pig    Iron    Manufacture 

,3  Cementation    Process 

,4  Crucible    Process 

.5  Bessemer    Process 

.6  Open-Hearth    Process 
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514 

Electro-metallurgy 

515 

Foundries   and    Foundry   Practice 

516 

Mechanical   Treatment  of   Iron   and   Steel 

.1 

Forging 

.2 

Rolling   Mills 

517 

Heat  Treatment  of  Iron  and  Steel 

.1 

Improper   Heating  of   Steel 

.11 

Welding 

.2 

Hardening 

.21 

Case    Hardening 

518 

Economics.     Iron  and   Steel  Trade 

519 

Descriptions   and    Reports    of   Iron   and   Steel    Works 

520 

Gold  and   Silver 

.1 

Physics   and   Chemistry 

.2 

Alloys 

521 

Ore   Dressing.      Milling  of  Ore 

.1 

Crushing.     Grinding 

.2 

Flotation 

.3 

Concentration.      Sizing.      Sorting 

.4 

Amalgamation 

.5 

Cyanide  Process 

522 

Roasting 

523 

Hydro=metallurgy 

524 

Electro-metallurgy 

528 

Economics.      Trade 

529 

Reports 

530 

Copper 

.1 

Physics   and  Chemistry.      Metallography 

.2 

Alloys 

531 

Ore  Dressing 

.1 

Crushing.      Grinding 

.2 

Flotation 

.3 

Concentration.      Sizing.      Sorting 

.4 

Amalgamation 

.5 

Cyanide    Process 

532 

Pyro-metallurgy 

.1 

Roasting 

.2 

Smelting 

.3 

Bessemer    Process 

532 

Hydro=metallurgy 

533 

Electro-metallurgy 

538 

Economics.      Copper  Trade 

539 

Reports 

540 

Lead 

550 

Tin 

560 

Zinc 

580 

Other  Metals     (Arranged  Alphabetically) 

590 

Assaying 

600  GAS  ENGINEERING 

General 

.01  History 

.02  Laws  and  Legislation 

.03  Statistics 

.04  Costs    and    Estimates 

.05  Contracts  and   Specifications 

.06  Drawings 

.07  Congresses 

.08  Exhibitions 

.09  Tests.     Laboratories 

610  Natural  Gas 

611  Fields 

612  Production 
.1  Wells 

613  Transmission 

.1  Pumping   Plants 

.2  Pipe  Lines    (For  Local   Distribution,  See  650) 

620  Materials   for  Gas  Manufacture 

630  Manufacture  and   Works 

631  Coal   Gas 

.1  Purification 

632  Water  Gas 

.1  Purification 

633  Producer  Gas 

634  Coke  Oven  Gas 
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6.^5  Oil   Gas 

636  Acetylene 

637  Air  Gas 

639  Otlier   Processes 

640  Storajje 

641  Station  Meters 

642  Holders 

643  Analysis  and  Testing 

650  Distribution 

651  Station  Governors 

652  Pressure  Instruments  and  Apparatus 

653  PumpinK  Plants 

654  Flow  in  Pipes 

655  Street  Mains 
.1  Valves 

.2  Subways 

656  Service  Pipes 

657  Interior  PJpinjj  and   Fittings 
.1  Regulators 

.2  Consumers'    Meters 

.3  Piping 

660  Utilization 

661  Gas  Lighting 
.1  Illumination 
.11  Interior 

.12  Exterior.      Streets.      Parks,  etc. 

.2  Gas  Lamps 

.21  Burners 

.22  Incandescent    Fixtures 

662  Gas  Heating 

670  By  Products 

671  Coke 

672  Tar 

673  Ammonia 

674  Sulpiiur 

675  Cyanogen 

676  Napiithalene 

677  Benzol 

679  Otlier  Products 

680  Management 

.1  Maintenance 

.2  Rates 

.3  Finance 

.4  Valuation 

.5  Accounting 

700  CHEMICAL  TECHNOLOGY  AND  MANUFACTURES 

General 

.01  History 

.02  I^aws   and  Legislation 

.03  Statistics 

.04  Costs    and    Estimates 

.05  Contracts    and    Specifications 

.06  Drawings 

.07  Congresses 

.08  Exhibitions 

.09  Tests.      Laboratories 

710  Chemicals.      Dyes.      Paints  and  Varnishes 

711  Chemicals 

.1  Chemical    Elements 

.2  Acids 

.21  Nitric   Acid 

.211  Utilization    of    Atmospheric    Nitrogen 

.22  Sulphuric   Acid 

.3  Alkalies 

.4  Salts      (For   Common    Table   Salt,    See    785,    Salt,    under    Foods   and 
Beverages) 

712  Paint,  Varnish,  etc. 

713  Dyes.      Colors.      Inks 

714  Distillation  Products 
.1  Wood  Distillation 

.2  Coal    Distillation    (See   Gas   Engineering) 

715  Explosives.      Matches      (Src  also  831,  Explosives,  under  Military  and 

Naval   Science) 

716  Starch,  Glucose,  Gluten,  etc. 
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717  Photographers'  Supplies 

719  Miscellaneous  Organic  Chemical  Industries 

.1  Vegetable  and   Animal   Oils 

.2  Soap,   Perfumery,   etc. 

.3  Glycerine 

.4  Candles 

.5  Waxes 

.6  Gums   and   Resins 

.7  Glue  and   Gelatine 

.8  Fertilizers 

720  Ceramics.      Stone,  Clay,  and  Glass.      Other  Non-Metallic  Mineral  Products. 

721  Ceramics 
.1  Pottery 

.2  Stoneware.      China 

.3  Sanitary    Ware 

.4  Electrical   Porcelain 

.5  Brick 

.6  Terra  Cotta 

.9  Other    Clay    Products 

722  Glass  Manufacture 

723  Cement,  Lime,  and  Gypsum 

724  Stone  Products.     Artificial  Stone 

725  Abrasives 

726  Asphalt  and  Other  Bitumens 

727  Petroleum 

.1  Lubricants     (See    also     204,     Lubrication,     under     Mechanical     En- 
gineering) 

729  Miscellaneous  Non-Metallic  Mineral  Products 

.1  Asbestos 

7.^0  Metal   Manufactures.      Machinery.     Conveyances 

731  Gold  and  Silver  Ware.     Jewelry 

732  Iron  and  Steel  Articles       (Not    Classified    Elsewhere) 

733  Wire  Making 

734  Hardware,  Cutlery,  and  Tools 

735  Implements.      Instruments       (Not    Classified    Elsewhere) 
.1  Typewriters 

.2  Cash  Registers 

.3  Scales 

.4  Meters 

.5  Wntches   and   Clocks 

736  Machinery.       (Not   Cla-^sjfied   Elsewhere) 

737  Locksmithing.     Gunsmlthing 

738  Vehicles.     Conveyances 

.1  Carriages,    Wagons,    and    Sleighs 

Automobiles  and   Motor  Trucks    (See   230) 

.2  Bicycles 

Manufactures    of    Miscellaneous    Metals     (Arranged    Alphabetically, 

e.  g.,  Aluminum,  Bronze, 
Copper,    Tin,    etc.) 

740  Lumbering.     Wood  Manufactures 

741  Logging.     Lumbering 

742  Wood   Working.      Saw  Mills 

743  Furniture 

.1  House   Furniture 

.2  Office   Furniture 

•3  Pianos  and  Musical  Instruments 

.4  Mirrors 

744  Cooperage 

745  Box  Making 

746  Caskets.     Undertakers'  Supplies 

747  Pulp  and  Fiber  Goods 
.1  Mats.      Baskets 

.2  Brooms 

.3  Brushes 

748  Cork  Industries 

749  Miscellaneous  Wooden  Articles 

750  Paper  Making 

760  Textiles 

•  1  Design 

•  2  Processes 

•  21  Spinning 
.22  Weaving 

•23  Dyeing  and  Finishing 

■  3  Machinery 

761  Cotton   Manufactures 

762  Woolen   Manufactures 
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763  Silk    Manufactures 

764  Flax,    Hemp,    and    Jute 

765  Dry   Goods 

766  Carpets   and   Ku^s 

767  Felt 

768  CordaKe  and  Twine 

769  OH  Cloth.      Window  Shades 

770  Leather  Manufactures.      TannlnR 

771  Boots  and  Shoes 

772  Harnesses.      Saddlery 

773  Trunks.     Traxellng  Goods 

774  Fur 

779  Miscellaneous  Leather  Goods 

780  Foods  and  Beverages 

781  Flour,  Feed,  and  Other  Cereal  Products 

782  Sugar  and  Molasses 

783  Canning  Industries 

784  Chocolate  and  Cocoa 

785  Salt 

786  Groceries      ( N'ot    Otherwise    Classified) 

787  Slaughtering.      Meat  Packing 

788  Dairy  Products 

.1  Mlllt   and   Cream 

.2  Butter 

.3  Cheese 

.4  Ice  Cream 

.5  Casein 

789  Wines  and  Liquors 

.1  BrewiiiK    and    Malting.      Beer 

.2  Wine  Making 

.3  Distilled    Liquors 

790  Miscellaneous   Industries    (Arranged     Alphabetically,      e.     g.,     Celluloid 

Products,     Laundering,     Rubber,     Tobacco) 

800  MILITARY    AND    NAVAL    SCIENCE 

General 

.01  History 

.02  Laws 

.03  Statistics 

.04  Costs    and    Estimates 

.05  Contracts  and   Specifications 

.06  Drawings 

.07  Congresses 

.09  Tests.      Laboratories 

810  Military  Science,   General   Works 

811  Strategy  and  Tactics 

812  Army  Organization  and  Administration 
820  Fortifications 

830  Ordnance   (Military  and  Naval) 

831  Explosives 

832  Military  Ordnance 

833  Naval  Ordnance 

840  Naval  Architecture.     Shipbuilding;. 
.1  Buoyancy  and  Displacement 

.2  Resistance 

.3  Stability 

.4  Strength   of   Ships 

.5  Structural    Details 

.51  Water-tight  Compartments 

.6  Ventilation   and  Heating 

.8  Measurement  of   Ships 

.9  Miscellaneous  Equipment  of  Ships 

.91  Steering  Apparatus 

.92  Distillation   of   Salt  Water 

841  Materials 

842  Ship   Propulsion.      Propellers 
.1  Steam 

.2  Electric 

843  Special  Types  of  Vessels    (See  also   870,   War   Vessels,    under   Xaval 

Science) 

.1  Ocean    Liners 

.2  River   and   Lake   Boats 

.3  Vessels    for   Freight   only 

.31  Oil  Steamers.     Tank  Ships 

.32  Colliers 

.33  Ore    Ships 
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843 

Special   Types   of  Vessels    (Continued) 

.4 

Canal  Boats.     Barges 

.5 

Tugboats 

.6 

Motor  Boats  and  Launches 

.7 

Yachts.      Pleasure   Boats 

.8 

Survey  Boats 

.9 

Other   Types 

850 

Yards 

851 

Dry   Docks 

860 

Navigation.      Shipping 

861 

Nautical  Astronomy 

862 

Nautical   Instruments 

.1 

Compass 

.11 

Magneiisni    of   Ships    and    Compass    Variation 

863 

Seamanship 

864 

Aids  to  Navigation 

.1 

Tide   Tables 

.2 

Charts 

.3 

Sailing    Directions 

.4 

Steam  Lanes 

.5 

Signals   and   other  Maritime    Regulations.      Prevention 

of   Collisions 

.51 

Signals 

.511 

Lighthouses 

.512 

Light   Ships 

.513 

Buoys 

.514 

Fog    Horns 

.52 

Marking  of   Ships 

.53 

Flags    and    Pennants 

.54 

Steering    and    Sailing    Rules 

.55 

Loading    Rules 

.6 

Pilotage  and  Pilots 

865 

Shipwrecks.      Accidents 

.1 

Life    Saving 

.2 

Salvage 

866 

Shipping.      Merchant  Marine 

.1 

Directories,  Blue  Books,  etc. 

.2 

Companies 

.3 

Rates 

.4 

Tolls 

.5 

Accounts 

.9 

Inspection 

870 

Naval  Science.      War  Vessels 

871 

Battle  Ships  and  Cruisers 

872 

Torpedo  Boats 

873 

Torpedoes 

874 

Submarines 

875 

Armor  Plate 

876 

Armament 

880 

Naval  Strategy  and  Tactics 

890 

Na>al  Organization  and  Administration 

891 

Registers. 

892 

Navy  Customs.      Rank  of  Officers 

893 

.1 

Personnel 

Naval   Militia 

2 

Marines 

894" 

Education 

895 

Maintenance  and  Supplies 

896 

Hygiene 

900  OTHER  SUBJECTS 

Note :    For    subdivisions,    use    Dewey   Classification. 

910  Philosophy 

920  Religion 

930  Sociology 

940  Philology 

950  Natural  Science 

n^S  lJ.seful  Arts       (Other  than  Engineering  and  Manufactures) 

970  Fine  Arts 

980  Literature 

990  History 
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APPENDIX    O 


AMENDMENTS    TO    THE    CONSTITUTION,    AMERICAN    SOCIETY    OF    CIVIL 
ENGINEERS,    ADOPTED,    1891-1917. 

Oct.    3,  1894        Art.  II,  i 

{Proceedings,      Sec.  1,2. 

p°lV6^"  Sec'e"?        '    Abolishes  Grade  of  "Sub.scribers."  Yes,     194 


Art.  IV, 

Sec.  1,  2, 

3,  7. 


No,  5 


Art.  II,  Corporate     Members     may     become     Fellows.      Yes,     196 

Sec.  8.  Previous  to  this  time  the  grade  of  Fellows      No,  3 

was  limited  to  "contributors  to  the  perma- 
nent funds  of  the  Society  who  may  not  be 
eligible  for  admission  as  Corporate  Mem- 
bers." 

Art.  Ill,  Honorary  Members  "shall  be  elected  only  by      Yes,     196 

Sec.  1.  the  unanimous  vote  of  the  Board  of  Direc-      No,  5 

tion"  instead  of  "by  a  unanimous  vote  of 
the  Board  of  Direction  and  such  Past- 
Presidents  of  the  Society  as  continue  to  be 
members  of  the  Society",  etc.,  the  Past- 
Presidents  having  become  members  of  the 
Board  of  Direction  on  the  adoption  of  the 
Constitution. 

Art.  Ill,  Applicants     for    membership     must     be     en-     Yes,    193 

Sec.  2.  dorsed  by  written  communications  from  five     No,  7 

Corporate  Members  before  applications  can 
be  considered   by   the   Board   of   Direction. 

Art.  VI,  This    Amendment    provided    that    the    Secre-     Yes,     191 

Sec.  4.  tary  be  a  Corporate  Member  of  the  Society     No,  6 

and  be  elected  annually  by  the  majority  of 
the  whole  Board  of  Direction  within  twenty 
days  after  the  Annual  Meeting. 

Mar.   3,  1895        Art.  Ill,  This    Amendment    required    the    Preliminary      Yes,    265 

(Proceedings,      Sec.  3.  List  of  applicants  to  contain  the  names  of     No,       14 

Vol.  XXI,  "references"    for    Corporate    Members    and 

p.  85.)  "endorsers"    for    Associates,    Juniors,    and 

Fellows,  in  order  to  malte  the  meaning  In 

Section  2  of  this  Article  clearer. 

Art.  Ill,  This    Amendment    required    that    ballots    on     Yes,    224 

Sec.  5.  reconsideration  of  rejected  applications  for     No,        61 

membership  must  be  signed  by  the  voters. 

Art.  VII.  The    territory    occupied    by    the   Membership     Yes,     273 

was  divided  into  Seven  Geographical  Dls-  No,  12 
tricts,  thus  dividing  the  non-resident  mem- 
bers of  the  Board  of  Direction  equally 
among  the  six  non-resident  Districts.  This 
amendment  increased  the  elective  members 
of  the  Nominating  Committee  from  seven  to 
fourteen,  who,  with  the  five  living  Past- 
Presidents,  should  nominate  officers  for  the 
Society  ;  made  the  term  of  each  member 
two  years  ;  and  empowered  the  Board  of 
Direction  to  prescribe  the  mode  of  pro- 
cedure in  the  election  of  members  of  the 
Nominating  Committee. 

Art.  VI,  This    Amendment   provided    for   the    appoint-      Yes,    273 

Sec.  5.  ment    of    an    Assistant    Secretary    by    the      No,  7 

Board  of  Direction. 
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Oct.     6,  1897 
(Proceedings, 
Vol.  XXIII, 
p.  164.) 


Oct.    5,  1898 
(Proceedings, 
Vol.  XXIV, 
pp.  121,  167.) 


Oct.     3,  1900 
(Proceedings, 
Vol.  XXVI, 
p.  216.) 


Mar.  4,  1903 
(Proceedinps, 
Vol.  XXIX, 
pp.  36,  100.) 

Oct.    7,  1903 
(Proceedings, 
Vol.  XXIX, 
pp.  195,374.) 


Oct.     7,  1908 
(Proceedings, 
Vol.  XXXIV, 
p.  408.) 


Mar.  1,  1911 
(Proceedings, 
Vol.  XXXVII, 
p.  1G4.) 


Art.  V, 
Sec.  1. 


Art.  VI. 


Art  VII, 

Sec.  2. 


Art.  Ill, 
Sec.  2,  3. 


Art.  II, 
Sec.  6,  7, 


Art.  Ill, 
Sec.  1,  3,  4. 


Art.  VI, 
Sec.  12. 


Art.  VII, 
Sec.  2. 


Art.  IV, 


This  Amendment  provided  that  only  the  "five  Yes,  427 
latest  living  Past-Presidents  who  continue  No,  47 
to  be  members"  shall  be  members  of  the 
Board  of  Direction,  instead  of  "all  the  liv- 
ing Past-Presidents",  as  previously  pro- 
vided. In  the  case  of  the  election  of 
Honorary  Members,  however,  all  the  Past- 
Presidents  shall  be  members  of  the  Board 
of  Direction. 

The  office  of  Auditor  was  abolished  and  his  Yes,  210 
duties  were  transferred   to   the  Secretary ;      No,  1 

provision  was  made  for  auditing  the  ac- 
counts of  the  Society  monthly,  and  the 
duties  of  the  Finance  Committee  were 
widened,  In  order  that  the  immediate  su- 
pervision of  the  financial  affairs  of  the 
Society  might  be  put  into  the  hands  of  such 
Committee. 

The  time  of  appointing  the  Nominating  Yes,  193 
Committee  was  changed  from  the  Annual  No,  53 
Convention  to  the  Annual  Meeting,  and  the 
time  was  fixed  for  the  meeting  of  such 
Committee  and  its  presentation  to  the 
Board  of  Direction  of  the  nominations  for 
officers  to  be  elected  at  the  next  Annual 
Meeting. 

This  Amendment  provided  that  hereafter  the  Yes,  401 
Board  of  Direction  shall  classify  the  No,  26 
applicant   with   his   consent. 


By  this  Amendment  provision  was  made  for  ' 
the  omi.ssion  of  the  clause,   in  the  case  of 
application    for    Junior    membership,    stat- 
ing that   the  applicant   intends   to   become 
or  continue  to  be  an  engineer. 

By  this  Amendment  all  applications  are  to  be 
sent  out  as  applications  for  "admission" 
to  the  Society  without  classification  into 
grades  ;  power  is  given  the  Board  of  Direc- 
tion to  transfer  persons  from  a  lower  to  a 
higher  grade;  the  number  of  negative  votes 
for  exclusion  is  raised  from  seven  to 
twenty ;  and  the  reconsideration  ballot 
(pink  ballot)   is  abolished.  j 

The  election  and  transfer  of  applicants  in 
any  grade  is  taken  from  the  membership  at 
large  and  given  to  the  Board  of  Direction, 
the  consequent  changes  in  method  of  elec- 
tion are  fixed,  and  the  number  of  negative 
votes  for  exclusion  is  changed  from  "20 
or  more"  to  "3  or  more". 

This  Amendment  confers  on  the  Board  of  '" 
Direction  the  power  of  appointing  a 
Special  Committee  when  such  appointment 
is  approved  by  a  business  meeting  of  the 
Society  ;  and,  if  it  is  necessary,  in  the  opin- 
ion of  the  Board,  that  such  Committee  be 
appointed  in  order  to  accomplish  the  ob- 
jects for  which  its  appointment  is  re- 
quested. 

Power  is  given  the  Board  of  Direction  to 
fill  any  vacancies  occurring  in  the  Nom- 
inating Committee.  J 

A  new  Section  (13)  is  added  to  Article  IV 
by  this  Amendment,  which  provides  for  ex- 
emption from  dues  of  Corporate  Members 
and  Associates  who  have  reached  the  age  of 
seventy  years,  and  have  paid  dues  as  such 
for  twenty-five  years,  and  also  of  Corpo- 
rate Members  and  Associates  who  have 
paid  dues  as  such  for  thirty-five  years. 


Yes, 
No, 


Yes, 
No, 


537 
49 


892 
317 


Yes,  1123 
No,        58 


Yes,  2229 
No,        39 
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Oct.     2.  1912 
(ProcecdiyiQS, 
Vol.  XXXVIII, 
p.  550.) 


Art.  VII, 


Mar.   3.  1915 
(Prorccditigs, 
Vol.  XLI, 
p.  150.) 


Art.  VII, 
Sec.  1. 


Art.  VII, 
Sec.  2. 


By  this  Amendment  the  number  constituting 
a  quorum  at  a  meeting  of  the  Nominating 
Committeo  is  fixed  at  ten  ;  the  time  of 
miH'ting  of  the  Nominating  Committee  Is 
fixed  to  take  place  either  at  the  Annual 
Convention  or  not  later  than  July  15  ; 
provision  is  made  for  the  organization  of 
the  Nominating  Committee  ;  "Official 
Nominees"  and  "Nomination  by  Declara- 
tion" are  established ;  nomination  by  the 
Board  of  Direction  is  provided  for,  in  case 
the  Nominating  Committee  fails  to  act; 
and  the  time  of  closing  the  polls  at  the 
Annual  Election  is  changed  from  noon  to 
9  A.  M. 

The    territory    occupied    by    the   membership " 
is   divided    into   Thirteen   Districts    instead 
of  seven,   as  heretofore. 


Yes, 
No, 


680 
31 


This  Amendment  provides  for  the  method  of 
electing  the  Nominating  Committee  from 
thirteen  districts  instead  of  seven. 


Ye?, 
No, 


1066 
83 


AMENDMENTS  TO  CONSTITUTION,   AM.   SOC.   C.   E. 
REJECTED,  1891-1917. 

Mar.   6,  1901         Art.  II,  It  was  proposed   by  this   Amendment  to   add 

{Proceedings,       Sec.  5.  a  clause  to   Section   5,   Article  II   in  order 

Vol.  XXVII,  to  allow  the  Board  of  Direction  to  transfer 

pp.  38,  82.)  any    Junior    elected    prior   to   the   adoption 

of   the   Constitution    in   1891   to   the  grade 

of  Associate. 


Yes, 
No, 


282 
166 


Mar.   5,  1902        Art.  Ill, 
(Prorrcdinns, 
Vol.  XXVIII, 
pp.  35,  98.) 


Mar.  6,  1907 
(Proceedings, 
Vol.  xxxiii, 
pp.  71,  152.) 


Mar.   3,  1909 
(Proceedings, 
Vol.  xxxv", 
p.  IGO.) 


Mar.   4,  1914 
(Proceedings, 
Vol.  XL, 
p.  176.) 


Art.  II. 


Art.  Ill, 
Sec.  2. 


Art.  Ill, 
Sec.  4. 


Art.  VII, 
Sec.  1,2. 


Art.  VII, 


This    Amendment,     if    adopted,    would    have     Yes,    343 
■  placed   the  election  of  all   members  In   the     No,      257 
hands  of  the  Board  of  Direction. 


It  was  proposed  by  this  Amendment  to  raise 
the  standard  of  membership  in  the  Society 
by  raising  the  qualifications  for  admission 
to  the  various  grades. 


This  Amendment  related  to  applications  of 
engineers  not  resident  in  North  America 
and  provided  that  the  applicant  must  pos- 
sess the  necessary  qualifications  for  mem- 
bership before  he  is  recommended  for  elec- 
tion to  the  Society.  J 

This  Amendment  provided  that  negative 
votes  equal  to  1%,  or  the  whole  number 
nearest  to  1%,  of  the  total  Corporate  Mem- 
bership at  the  time  of  voting  shall  exclude 
from  membership.  This  Amendment  was 
nullified  by  the  Amendment  adopted  on 
Oct.  7th,  1908,  and  was,  therefore,  de- 
feated. 

(A)  By  this  Amendment,  it  was  proposed 
to  divide  the  territory  occupied  by  the 
membership  into  Thirteen  Districts  ;  it 
also  provided  for  the  procedure  in  appoint- 
ing the  Nominating  Committee  from  such 
Districts  at  the  Annual  Meeting. 

(B)  This  Amendment  also  provided  for 
dividing  the  territory  occupied  by  the  mem- 
bership into  Thirteen  Districts  and  the 
method  of  procedure  of  electing  the  Nomi- 
nating Committee  by  ballot  to  be  counted 
by  the  Board  of  Direction  and  announced 
to  the  Annual  Meeting. 


Yes, 

No, 


Yes, 
No, 


429 
847 


247 
762 


Yes,  1494 
No,   1628 


Yes,  1550 
No,   1612 
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Art.  V, 
See.  1,  2. 


Art.  VI, 
Sec.  4,  6. 


(C)    By  this  Amendment,  it  was  proposed  to  "i 
change  the  status  of  the  Secretary  by  re- 
moving him  as  a  member  of  the  Board  of 
Direction.      It    also    defined    the    terms    of 
officers  elected  by  the  Society. 

The  changes  proposed  in  this  Amendment  re- 
late to  the  method  of  electing  the  Secretary 
by  the  Board  of  Direction  and  would  have 
given  the  Board  of  Direction  power  to  de- 
termine the  salaries  to  be  paid  to  the 
Secretary  and  Treasurer.  J 


Yes,  1343 
No,    1828 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

INSTITUTED    1852 


PAPERS   AND   DISCUSSIONS 

This  Society   Is  not  responsible  for  any  statement  made  or  opinion   expressed 
In  its  publications. 


FINAL  REPORT 

OF  THE  SPECIAL  COMMITTEE  ON  MATERIALS  FOR 

ROAD  CONSTRUCTION  AND  ON  STANDARDS 

FOR  THEIR  TEST  AND  USE* 


To  THE  American  Society  of  Civil  Ekgineers, 

Gentlemen  : 

Your  Special  Committee  on  "Materials  for  Road  Construction  and 
on  Standards  for  Their  Test  and  Use"  herewith  respectfully  submits  a 
Final  Report  covering  its  work  from  the  date  of  its  appomtment  by 
the  Board  of  Direction. 

Through  the  courtesy  of  the  Board,  successful  meetings  have  been 
held  in  the  Society  House,  for  one  or  two  days  subsequent  to  each 
Annual  Meeting  of  the  Society,  for  the  discussion  of  matters  of 
interest  connected  with  the  work  of  the  Committee.  These  meetings 
have  been  well  attended,  usually  by  more  than  200  at  a  session,  by 
highway  authorities  outside  of  the  Society  as  well  as  by  members  of 
the  Society  itself.  It  is  felt  that  valuable,  as  well  as  authoritative, 
information  and  criticism  has  thus  been  secured  to  the  Profession  as 
well  as  to  the  Committee.  . 

Your  Committee  has  rendered  progress  reports  annually  since  IJll, 
and  in  the  accompanying  report  has  given  careful  consideration  to 
its   earlier   conclusions   and   the   criticism    and    discussions    submitted 

in  connection  therewith.  .  ,•  ^i      •   ^        + 

The  Committee  has  been  made  aware  of  a  widening  oi  the  interest 
in  highway  work  among  members  of  the  Society  and  others  not  expe- 
rienced o;  even  thoroughly  trained  in  highway  engineering^     In  the 
aecompanving  report  it  has  been  deemed  wise,  for  the  benefit  of  thi 
new   and  wider   interest,   as  well  as  for  the  purpose  of  making  th 
Final    Report    comprehensive,    to    include    conclusions    or    statement 
that  may  seem  primary  or  trite  to  highway  experts.     Further^  m  order 
torerdermany^^ 

.  To  be  presented  to  the  AnnuafM^^H^,  January  1 6th,  1918. 
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more  intelligible  to  the  wider  interest  mentioned,  as  well  as  to  demon- 
strate their  practical  application  in  many  cases,  and  to  suggest  the 
variables  still  remaining  to  be  determined  in  specific  instances,  it  has 
been  thought  wise  to  submit  in  this  report  principles  underlying  the 
drafts  of  specifications. 

Your  Committee  believes  that  competent  highway  engineers  may 
meet  successfully  the  demands  of  any  particular  case  by  following 
these  principles  and  eliminating  the  variables,  necessarily  left  therein 
in  order  to  express  conclusions  of  general  application,  after  proper 
consideration  of  the  local  factors  affecting  them. 

However,  it  does  not  believe  that  these  conclusions  as  to  specifica- 
tions will  offset  a  serious  lack  of  knowledge  or  experience  in  highway 
engineering  or  furnish  a  discriminating  ability  otherwise  lacking.  It 
also  wishes  to  warn  against  any  attempt  to  reduce  the  principles  for 
specifications  to  the  establishment  of  "the  one  best  pavement"  for 
any  conditions. 

One  of  the  main  activities  of  the  Committee  since  its  foundation 
has  been  toward  securing  accuracy  and  miiformity  in  the  recording 
of  data  connected  with  highway  work.  To  this  end  the  Committee 
has  suggested  tests  and  analyses  of  materials  in  detail,  records  of 
traffic,  costs,  construction  and  maintenance  details,  and  definitions  of 
terms  ust'd  with  peculiar  meanings  in  highway  work.  When  it 
began  its  work  in  1909,  the  status  of  affairs  in  these  respects 
was  found  to  be  deplorable.  Since  then  the  work  of  this  Committee 
and  of  conmiittees  on  similar  lines  from  other  societies,  as  well  as 
the  work  of  some  individuals,  has  materially  improved  the  situation. 
Your  Committee  has  made  some  suggestions  which  have  been  quite 
widely  adopted.  On  the  other  hand,  it  has  not  hesitated  to  endorse  the 
conclusions  of  others  where  such  action  seemed  proper,  hoping  thereby 
to  aid  materially  in  the  accomplishment  of  that  desirable  uniformity 
mentioned  above.  Tt  hopes  that  its  conclusions  may  be  generally 
apjiroved.  even  at  the  sacrifice  of  some  minor  differences  of  opinion, 
in  order  that  imiformity  in  these  matters,  with  resulting  benefit,  may 
be  secured  at  the  earliest  possible  date.  The  Forms,  Analyses,  and 
Test  Details  will  be  found  in  the  Appendices  hereto  attached. 

In  its  previous  reports,  your  Committee  has  suggested  a  number 
of  matters  worthy  of  investigation.  Suificient  time  has  not  yet  been 
available  to  the  Committee  for  reaching  satisfactory  conclusions  on 
all  these  points,  and  it  has  seemed  to  be  a  grave  qiiestion  whether 
or  not  it  would  be  able,  with  the  facilities  at  its  disposal,  to  reach 
such  conclusions  within  a  reasonable  period.  Your  Committee, 
therefore,  invites  the  attention  of  all  those  interested  to  the  following 
list  of  investigations  it  thinks  worthy  of  prosecution,  and  expresses 
the  hope  that  some  authoritative  data,  which  will  throw  light  on  these 
points,  may  in  some  way  be  secured  at  an  early  date: 
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Tlic  c'tfcct  uf  varii)U.s  kinds  of  cartli  or  soil  on  bituminous  carpets 
under  known  conditions  of  traffic; 

Tlie  efficiency  of  the  use  of  asphaltic  oils  for  surface  treatments 
on  gravel  and  broken  stone  roadways; 

The  standardization  of,  and  determination  and  expression  of  the 
consistency  of,  bituminous  materials  which  preferably  may 
permit  of  its  use  on  all  the  wide  range  of  such  materials, 
from  liquid  to  solid,  and  of  the  inter-relation  existing  in 
certain,  if  not  all,  cases; 

The  maximum  and  minimum  quantities  of  free  carbon  that  can 
be  successfully  allowed  in  tars  under  known  conditions  of 
other  constituents  of  the  tar,  of  climate,  of  traffic,  and  of 
methods  of  use; 

Methods  of  determining  the  adhesive  strength  of  bituminous 
cements ; 

The  advisability  of  incorporating  in  bituminous  pavements,  Ijuilt 
by  the  penetration  method,  bituminous  material  in  excess  of 
the  minimum  quantity  necessary  for  the  production  of  satis- 
factory results; 

The  determination  of  the  amount  of  internal  wear  of  the  mate- 
rials comprising  a  macadam  roadway  under  known  conditions 
of  traffic,  and  the  effects  on  the  internal  wear  of  increasing 
or  diminishing  the  size  of  the  stone  in  the  courses; 

The  determination  of  the  causes  of  cracks  in  concrete  and  brick 
roadways,  and  the  best  methods  to  be  used  to  reduce  such 
cracks  to  a  minimum; 

Rolling  or  other  methods  calculated  to  increase  the  surface  density 
of  cement-concrete  pavements; 

The  relative  merits  of  one-course  and  two-course  plain  cement- 
concrete  pavements,  and  plain  and  reinforced  cement-concrete 
pavements ; 

The  relative  efficiency  of  bituminous  and  cement  fillers  for  block 
pavements ; 

The  determination  of  the  quality — which  might  be  called  its 
hardness  or  resiliency — of  wood  used  for  paving  purposes; 

The  continuance  of  traffic  census,  and  study  of  the  results  ob- 
tained, to  determine  the  effect  of  motor  traffic  on  various 
roadway  surfaces,  and  especially  with  reference  to  the  speed 
of  the  vehicle,  and  the  establishment  and  expression  of  any 
relation  between  the  traffic  and  the  life  or  cost  of  any  pave- 
ment; 

The  further  study  of  suitable  joints  for  block  pavements  on  steep 
grades ; 

Proper  methods  of  sampling  highway  materials. 
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Many  points  are  as  yet  undetermined,  and  seem  improbable  of  early 
settlement.  Conclusions,  in  many  instances,  will  be  hastened  by  a 
prompt  agreement  among  investigators  that  uniformity  is  fully  as 
necessary  as  accuracy  in  their  work,  and  that  the  use  of  methods  of 
analysis  conforming  to  those  carefully  specified  in  this  report  will 
produce  better  and  quicker  results  than  a  wide  use  of  various  methods, 
more  or  less  accurate  in  some  details,  but  not  consonant  with  those 
of  the  Committee.  The  conclvisions  of  your  Committee  have 
been  reached  and  expressed  after  careful  consideration  of  the  work 
of  committees  of  other  societies  and  with  intimate  knowledge  of  the 
details  of  that  work  through  the  membership  on  these  other  committees 
of  members  of  this  Committee. 

Your  Committee  is  impressed  by  the  importance  of  the  factor  of 
costs,  both  as  to  construction  and  maintenance  of  highways,  and  of 
the  need  for  comparable  records  of  such  data.  The  present  situation 
in  this  respect  is  unfortunate,  there  being  found  available  but  few 
records  of  costs  uniformly  or  logically  compiled.  Hence  comparisons 
are  difficult,  if  not  impossible.  Your  Committee,  therefore,  invites 
especial  attention  to  its  conclusions  and  forms  in  the  matters  of  costs. 
The  same  may  be  said  concerning  traffic  records.  The  propriety  of 
a  material  or  a  form  of  highway  construction  is  often  determined  by 
its  cost  under  known  traffic  conditions.  To  reduce  both  cost  and  traffic 
data  in  different  cases  for  purposes  of  comparison  requires  that  they 
be  expressed  in  some  uniform,  definite,  and  intelligible  manner. 

Your  Committee  submits  the  specific  conclusions  it  has  reached,  as 
follows : 

General  Conclusions. 

Selection  of  Roadway  Surface. — The  Committee  believes  that,  with 
the  development  of  highway  work,  it  should  be  constantly  more 
apparent  that  one  of  the  greatest  problems  to  be  solved  by  highway 
engineers  is  the  proper  selection  of  the  particular  material  and  form 
of  construction  to  be  used  which  will  most  efficiently  meet  the  con- 
ditions of  .any  particular  case,  and  that  progress  will  be  hastened  by 
complete  recognition  of  this  fact.  It  recommends  that  the  selection 
of  the  kind  of  crust  or  pavement  be  based  on  the  following  factors, 
the  special  value  of  which  may  be  estimated  in  each  case  under  the 
local  conditions  of  traffic,  surroundings,  climatic  conditions,  and 
physical  and  financial  resources,  both  as  to  construction  and  main- 
tenance, with  proper  regard  for  probable  or  possible  changes  in  these 
circumstances:  First  cost,  maintenance  cost,  annual  cost,  ease  of 
maintenance,  durability,  cleanliness,  tractive  resistance,  slipperiness, 
favorableness  to  travel,  sanitariness,  noiselessness,  and  appearance. 

Traffic. — Your  Committee  desires  to  emphasize  the  fact  that  experi- 
ence   has    demonstrated    the    value    of    a    traffic    census    taken    both 
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pivliiuiiiary  and  t^ubscHiueiit  to  the  constructiuii  of  a  hij?hway.  The 
traffic  ceusus  should  be  considered  one  of  the  most  important  variable 
factors  in  the  solution  of  the  problem  of  the  selection  of  that  type  of 
construction  best  suited  to  local  conditions,  considered  from  the  stand- 
points of  both  economy  and  efficiency.  In  connection  with  the  census 
returns  on  any  highway,  should  be  considered  the  traffic  on  cross  and 
parallel  highways  and  the  effect  of  improvement  of  these  highways 
on  the  traffic  of  the  highway  inider  construction.  The  bald  return  of 
a  traffic  census,  liowevcr,  should  not  be  the  sole  basis  of  the  selection 
of  the  type  of  construction,  but  should  be  considered  a  guide  in  deter- 
mining the  value  of  the  type  to  be  adopted.  In  considering  the  effect 
of  traffic  and  its  relation  to  the  design  and  cost  of  maintenance,  it 
is  necessary  to  take  into  account  the  speed  as  well  as  the  weight  of 
the  vehicles. 

Cosls. — The  Committee  recommends  that  highway  departments,  in 
making  their  reports,  adopt  a  tabular  form  similar  to  the  one  sub- 
mitted in  Appendix  A. 

Grades. — A  choice  of  the  material,  or  niethods  of  using  a  partic- 
ular material,  may  be  affected  by  the  grades  as  fixed.  Certain  materials 
or  residts  of  using  materials  for  highway  surfacings  will  be  unsatis- 
factory outside  of  certain  limits  of  grades.  Conservative  practice 
fixes  the  maxinuuu  limits  for  satisfactory  results  with  grades  as 
follows : 

Kind  of  Roadway.  Maximum  Grade. 

Asphalt    block    8.0% 

Bituminous   surfaces    6.0% 

Bituminous   concrete    8.0% 

Bituminous   macadam    8.0% 

r  cement    filler    6.0% 

Brick }  bituminous   filler 12.0% 

(  "Hillside"   block    15.0% 

Broken  stone    12.0% 

Cement-concrete 8.0% 

Gravel 12.0% 

Sheet-asphalt    5.0% 

1 1    .b-  j   cement  filler   9.0% 

(   bituminous  filler    15.0% 

AVood.  block    4.0% 

The  luiuinium  grades  allowable  will  depend  on  local  conditions  as 
to  climate,  type  of  construction,  cha^-acter  and  amount  of  traffic, 
conditions  of  underlying  and  adjacent  soil,  and  such  other  circum- 
stances as  affect  drainage.  Except  for  roadways  on  fills,  where  the 
outside  edges  of  the  surfaces  of  the  shoulders  are  at  least  2  ft.  above 
the  level  of  the  adjacent  ground   or  water  level,   or   except   in  cases 
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where  the  roadway  is  laid  over  sand  of  such  a  character  that  it  never 
becomes  water-logged,  a  longitudinal  grade  for  the  roadway  of  less 
than  one-half  of  1%  should  not  be  used  for  roads. 

On  streets  w^here  the  smoothness  and  evenness  of  the  roadway 
surface  may  be  confidently  expected  to  be  the  greatest,  and  where 
conformity  to  the  proposed  elevations  of  surface  is  more  carefully 
sought  and  more  accurately  possible,  a  minimum  grade  of  as  low  as 
one-quarter  of  1%  has  sometimes  given  satisfactory  results  in  an 
emergency;  but  a  minimum  of  one-half  of  1%  would  be  better  as  an 
established  standard. 

Widths. — The  width  of  the  roadway  to  be  built  will  be  determined 
largely  by  local  circumstances,  but,  in  view  of  the  recent,  constant, 
and  rapid  increase  of  traffic  on  highways,  both  in  number  of  vehicles 
and  in  size  of  loads,  it  will  be  in  the  interest  of  economy  for  designs 
of  highways  to  be  made  with  proper  consideration  of  further  increase. 

Where  motor  traffic  forms  a  considerable  proportion  of  the  total 
traffic  likely  to  use  a  highway,  the  unit  width  of  traffic  lines  to  be 
considered  is  9  or  10  ft.,  instead  of  7  or  8  ft.,  as  heretofore,  because 
of  greater  clearance  required  for  the  safe  passing  of  the  units  of  such 
traffic. 

Where  bituminous  pavements  are  laid,  the  edges  need  protection, 
and  a  sudden  transition  from  the  pavement  to  any  soft  shoulder 
material  should  be  avoided  by  means  of  extra  width,  or  of  cement- 
concrete  or  other  edges,  or  such  reinforcement  of  the  shoulder  material 
as  may  be  necessary. 

The  width  of  roadways  of  rigid  material,  such  as  cement-concrete 
or  vitrified  block,  should  be  at  least  equal  to  what  would  be  pre- 
scribed under  local  conditions  for  a  less  rigid  surfacing.  The  great 
difference  between  the  firmness  of  a  rigid  roadway  surfacing  and  of 
material  frequently  available  for  the  shoulders  thereto,  often  makes 
it  necessary  for  safety  and  convenience  of  traffic,  as  well  as  for  economy 
of  maintenance,  that  the  rigid  surfacing  shall  be  built  wider  than 
would  answer  for  a  more  flexible  surfacing,  such  as  water-bound 
macadam,  for  instance,  under  the  same  local  conditions.  For  single- 
track  roadways,  the  width  of  the  pavement  should  not  be  less  than 
10  ft.,  and  for  two  lines  of  traffic,  it  should  not  be  less  than  18  ft., 
unless  exceptionally  durable  shoulders  are  provided.  In  a  street  or  alley, 
the  width  will  ordinarily  be  determined  by  the  necessary  location  of 
the  curb. 

Too  narrow  a  width  of  roadway  encourages,  if  it  does  not  compel, 
concentration  of  traffic  tcf  such  an  extent  as  frequently  to  make  unfair 
demands  on  what  would  otherwise  be  a  suitable  and  efficient  material 
for  the  surfacing.  This  may  be  especially  noticeable  at  abrupt  changes 
in  the  lines  of  the  highway,  where  any  tendency  toward  the  improper 
concentration  of  traffic  into  too  narrow  areas  should  be  avoided,   as 
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far  as  possible,  by  such  adjustment  or  separation  of  lines,  and  adjust- 
ment of  width,  of  crown,  or  of  slope,  of  the  roadway  surfacing  as  will 
keep  the  strains  of  the  surfacing  material  within  reasonable  limits. 

Too  great  a  width  for  the  roadway  surfacing  is  as  unwise  in  many 
ways  as  too  little.  Excessive  width  not  only  results  in  unnecessary 
first  cost  and  interest  charges,  but  also  in  needlessly  increased  main- 
tenance and  cleaning  costs.  Further,  especially  in  the  cases  of  those 
pavements  where  at  least  a  minimum  amount  of  travel  is  needed  to 
preserve  the  surface  in  good  condition,  an  excess  of  width  may  result 
in  the  development  of  areas  from  which  disintegration  of  the  whole 
pavement  may  rapidly  spread. 

Thickness. — In  determining  the  thickness  of  any  road  crust  or 
pavement,  there  must  be  consideration  of  the  character  of  the  founda- 
tion and  of  the  weight  of  the  vehicles  to  be  supported.  Although  the 
general  practice  has  been,  too  often,  perhaps,  to  use  mass,  for  the  sake 
of  safety  in  the  preparation  of  the  pavement,  it  now  appears  evident 
that  some  waste  has  been  incurred  in  this  direction,  and  that  a  more 
scientific  determination  of  the  thickness  is  possible  without  sacrifice 
of  safety  and  yet  with  economy.  However,  in  view  of  the  recent, 
constant,  and  rapid  increase  of  the  weight,  and  consequently  of  the 
strains,  caused  by  the  traffic,  it  will  be  in  the  interests  of  economy 
for  all  designs  of  highways  to  be  made  with  proper  consideration  of 
further  increases. 

In  considering  the  character  and  capabilities  of  the  foundation 
relative  to  the  forces  coming  thereon  through  a  pavement,  the  con- 
dition of  the  foundation  under  the  most  adverse  conditions  likely  to 
exist  for  withstanding  the  forces,  and  the  traffic  stresses  present  and 
probable,  and  the  character  of  the  surfacing  itself,  should  be  taken 
into  account.  An  absorbent  sub-grade  material  likely  to  become 
soaked  with  water  so  as  to  weaken  its  supporting  power  may  require 
a  thicker  slab,  or  even  the  addition  of  an  artificial  foundation,  in  order 
to  disperse  properly  the  stresses  from  the  surface  of  the  pavement. 
For  instance,  if  laid  on  a  strong  sub-grade  and  one  likely  to  remain 
always  in  good  condition,  the  minimum  thickness  of  6  in.  for  a  broken 
stone  roadway  will  be  sufficient,  and  possibly  even  4  in.  will  be  enough 
where  the  vehicles  passing  over  the  road  are  comparatively  light,  that 
is,  of  1  or  2  tons  on  four  wheels.  With  a  concrete  slab,  ordinarily, 
from  4  to  8  in.  in  thickness  will  suffice,  though,  in  order  to  prevent 
the  possibility  of  a  sudden  rupture  of  the  slab  on  some  sub-grades 
by  an  exceptional  load,  a  imiform  thickness  above  the  minimum  may 
be  wise.  Again,  mass — that  is,  unusual  thickness — may  in  some  cases 
be  desirable  with  the  use  of  a  minimum  of  cement,  not  only  for  reasons 
of  economy,  but  also  for  the  ptirpose  of  avoiding  the  ill  effects  of  frost 
and  possibly  of  preparing  for  future  developments  that  may  seem 
probable.     A  thickness  for  a  concrete  .slab  in  excess  of  8  in.   should 
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be  determined  upon  only  after  tliorouglily  considering  the  possibilities 
of  meeting  the  necessities  of  the  case  by  other  means,  such  as  improv- 
ing the  sub-grade. 

Although  the  distribution  by  the  road  crust  or  pavement  of  the 
traffic  stresses  through  it  to  the  foundation  is  not  at  present  within 
the  possibilities  of  calculation  in  the  case  of  all  types  of  pavements, 
progress  has  been,  and  is  being,  made  along  these  lines.  Logical  and 
fairly  accurate  formulas  have  been  developed  in  the  case  of  broken 
stone  road  crusts,  and  studies  productive  of  some  results  have  been 
made  in  the  case  of  some  other  surfacings.  Also,  the  bearing  power 
of  soils  of  different  kinds  has  been  given  considerable  study.  These 
studies  should  be  encouraged  and  carried  on,  so  that  the  thickness  of 
the  road  crust  or  pavement  for  any  type  may  be  rationally  determined. 

Uniformity  of  thickness  for  the  surfacing  is  made  for  the  purpose 
of  conducing  toward  uniformity  of  wear.  Variations  in  the  thickness 
of  such  surfacings  as  sheet-asphalt,  for  instance,  invariably  result  in 
non-imiformity  of  wear,  with  a  resulting  increase  of  expense  for 
satisfactory  maintenance;  and  it  is  believed  that  the  same  cause  is 
responsible  for  many  of  the  difficulties  experienced  in  the  maintenance 
of  block  pavements  of  various  types.  The  development  of  depressions 
in  the  surfaces  of  these  pavements  and  the  deterioration  of  areas  of 
the  pavement  seem  to  be  explained  by  the  irregularities  in  the  thickness 
of  the  surfacing  or  of  the  cushion  or  foundation  imder  the  surfacing 
over  such  areas,  which  irregularities  produce  imequal  settlement  or 
decided  differences  in  rigidity. 

The  thickness  of  the  pavement  or  surfacing,  of  course,  will  be 
dependent  largely  on  its  type.  Approved  practice  establishes  the 
limits  shown  in  Table  1  for  the  extremes  of  thickness  for  the  various 
layers  of  the  pavement  or  road  crust. 

TABLE  1. 


Kind  of  roadway. 


Asphalt  block 

Bituminous  surfaces 

Bituminous  concrete 

Bituminous  macadam 

Brick 

Broken  stone 

Oementconcretp  '  ^^^  course 
cement  concrete  -,  ^^^  course 

Gravel 

Sheet  asphalt 

Stone  block 

Wood  block 


Thickness 

of  artificial 

foundation* 

(orilinary), 

in  inches. 


5  to  8 
4  to  S 
3  to    8 

3  to    8 

4  to  8 
3  to    8 


4  to    8 

4  to    8 

5  to    8 
5  to  la 

5  to    8 


Thickness  of 
sand  cushion 


binder  course, 
in  inches. 


H    to    lU: 


1      to  lV.i 
1      to  2 
0       to     1-3 


Thickness 
of  wearing 

course, 
in  inches. 


3      to  ^Vs 
}4  to    1.^ 
1^  to  3 
2      to  3 
to  4 
to  3 
to  8 
2 

to  4 
to  2 
2S4  to  5 
31^  to  4 


Not  Including  extraordinary  provisions  such  as  V-drains  or  "sub-bafe"  courses. 
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Drainage. — The  use  of  any  iMriu  of  paveiiieiit  or  road  crust,  whether 
bituminous  or  non-bituiuiuous,  does  not  relieve  the  necessity  for  proper 
drainage  in  every  case.  It  is  not  only  necessary  to  provide  for  such 
under-drainage  as  will  place  and  keep  the  sub-grade  in  a  condition 
satisfactorily  free  from  moisture  and  in  a  state  of  suitable  efficiency, 
but  it  is  also  necessary  to  provide  and  to  preserve  economically  such 
provisions  for  surface  drainage  as  will,  with  the  provisions  for  under- 
drainagc,  insure  these  results  fairly  permanently.  Storm-water  com- 
ing to  the  roadway  must  be  carried  quickly  and  rapidly  away  from  it 
by  automatic  arrangements  to  the  natural  watercourses  where  it  can 
be  finally  disposed  of.  The  arrangements  referred  to  and  so  made, 
such  as  inlets,  ditches,  gutters,  and  culverts,  should  be  designed  and 
placed  so  as  give  the  least  possible  offense  to  the  users  of  the  roadway 
and  the  abuttors,  and  yet  be  built  so  as  to  preserve  their  integrity 
and  efficiency  with  the  least  need  for  attention  and  expense,  under 
even  the  most  persistently  adverse  natural  conditions.  A  proper  longi- 
tudinal grade  for  ditches  and  gutters  is  particularly  important,  in 
order  that  the  ill  effects  of  standing  water  may  be  avoided.  A  proper 
cross-section  for  ditches  is  also  important,  in  order  that  the  water 
may  not  become  obstructed  by  the  sliding  in  of  the  sides. 

The  under-drainage  of  the  roadbed,  where  a  cement-concrete 
roadway  or  an  artificial  foundation  of  cement-concrete  is  to  be  pro- 
vided, should  be  at  least  as  good  as  that  which  would  be  required  in 
most  cases  of  other  surfaces,  because  the  rigidity  of  the  cement-con- 
crete slab  does  not  permit  it  to  adapt  itself — as  is  the  case,  for  in- 
stance, with  such  a  surface  as  macadam — without  injury  to  changes  in 
the  sub-grade  resulting  from  defective  drainage. 

As  related  to  drainage,  the  matter  of  the  crown  of  the  roadway  is 
particularly  important.  The  ideal  roadway  surface  would  be  flat  in 
cross-section  w'ere  it  not  for  the  necessity  for  the  removal  of  surface 
water  to  the  channels  where  it  must  be  most  conveniently  carried 
along.  Crowning  the  roadway  tends  to  concentrate  the  "traffic  on  the 
ridge,  where  it  is  then  most  comfortable  for  the  travelers,  and  the 
amount  of  crowai  which  will  result  in  this  concentration  on  the  ridge 
varies  with  the  type  of  pavement.  Also,  the  rate  of  crown  necessary 
for  the  proper  removal  of  storm-water  to  the  gutters  or  ditches  varies 
with  the  type  and  with  the  provisions  to  be  made  for  the  cleaning  and 
the  upkeep  of  the  roadway  surface.  In  the  general  practice,  the 
amount  of  crown  for  the  shoulders  of  an  uncurbed  roadway  has  usually 
been  a  cross-slope  of  1  in.  per  ft.,  the  shoulders  being  of  the  natural 
earthy  material,  and  this  rate  is  to  be  recommended  for  shoulders, 
except  in  special  cases. 

With  pavements  inclined  to  be  slippery  under  certain  conditions 
the  crown  should  be  reduced  to  the  lowest  possible  minimum  consistent 
with  surface  drainage;  and,  where  the  longitudinal  grade  is  sufficient 
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to  allow  the  water  to  run  off  freely,  the  crown  should  he  very  flat — not 
exceeding  3  in.  in  a  roadway  width  of  30  ft. 

For  the  various  roadway  surfacings,  the  practice  generally  observed 
and  t^  be  recommended  is  stated  in  Table  2. 

TABLE  2. 


Kind  of  roadway. 

Maximum. 

Minimum. 

14  iuch  to  the  foot. 

V2    "      ' 

y2 '    " 

1/2    u     ..     ..     » 

8/8      "        "        "          > 

34      -        .'        -         '. 

3/8      "        '•        "          " 

1       "        \ 

Vi    "     "     "      " 

V2  •'    "    "    " 

1,4    "     ••     " 

1/4    '•     "     •'      " 

Hituininous  macadam 

V4 

Vs     "      ' 

V2  ' 

y*  "   •'   "    " 
V2 

yg    "      ■'      " 

Broken  stone 

1,4    '•      "      '■       '■ 

Vs    '•      ' 

Concave  pavements  of  cement-concrete,  vitrified  block,  or  stone 
block,  may  frequently  be  found  advantageous  for  alleys,  and,  in  such 
cases,  the  same  rates  of  slopes  in  cross-section  as  those  given  in  Table  2 
should  govern. 

Sub-Grade. — The  use  of  any  form  of  pavement  or  road  crust  does 
not  relieve  the  necessity  for  the  construction  of  a  well-drained,  thor- 
oughly compacted,  homogeneous,  and  stable  sub-grade  in  every  case. 
Indeed,  such  improvement  of  the  highway  generally  attracts  heavier 
trafiic,  and  thus  increases  the  stresses  in  the  sub-grade.  Even  when 
an  artificial  foundation  is  to.  be  constructed  on  the  sub-grade,  proper 
care  should  be  taken  in  its  preparation  in  order  that  the  greatest 
economy  may  be  had  in  the  design  and  expense  for  the  artificial 
foundation,  and,  generally  speaking,  at  least,  the  higher  the  type  and 
the  more  expensive  the  artificial  foundation,  the  greater  care  should 
be  had  to  develop  to  the  utmost  the  possibilities  of  the  sub-grade. 
Uniformity  in  the  composition  and  compaction,  as  well  as  evenness 
of  its  surface,  is  far  more  important  than  has  been  generally  considered 
necessary,  and  permanence  of  all  the  desirable  qualities  in  the  sub-grade 
is  equally  important. 

When  an  artificial  foundation  or  a  cement-concrete  pavement  is 
used,  the  sub-grade  should  be  as  carefully  prepared,  rolled,  and  com- 
pacted, as  for  any  other  roadway  surfacing,  and  should  be  made  to 
conform  accurately  to  the  proper  lines  and  grades.  If  necessary,  the 
sustaining  powers  of  the  natural  foundation  should  be  reinforced  and 
the  strains  in  it  thereby  further  distributed  by  the  interposition 
between  it  and  the  cement-concrete  slab  of  an  artificial  foundation 
consisting  of  a  layer,  or  layers,  of  sand,  gravel,  broken  stone,  or 
similar  material.  Reliance  should  not  be  placed  on  the  concrete,  if 
used,  for  bridging  soft,  spongy,  or  unyielding  spots;  all  vegetable  or 


Papers.]  MATERIALS   FOR   ROAD   CONSTRUCTION  2337 

perishable  matter  should  be  removed  from  the  sub-grade,  and  such 
other  material  substituted  as  will  insure  a  thoroughly  compacted  and 
homogeneous  sub-j;rade  for  the  concrete.  It  may  be  necessary,  for 
proper  compaction,  to  use  water  in  connection  with  rolling,  and,  in 
any  event,  cement-concrete  should  not  be  deposited  on  a  dry,  absorbent 
sub-grade. 

Every  precaution  should  be  taken  to  prevent  a  disturbance  of  the 
sub-grade  after  it  is  completed  and  until  the  next  layer  is  deposited. 

When  a  cement-concrete  or  other  rigid  pavement  is  to  be  con- 
structed over  an  old  surfacing  composed  of  gravel  or  broken  stone 
macadam,  the  old  pavement  should  be  loosened,  spread  to  the  full 
width  of  the  new  pavement,  and  then  thoroughly  compacted,  filling 
the  interstices  with  fine  material  and  re-rolling  until  a  dense  sub-grade 
is  obtained. 

Ai-tificial  Foundations. — Where  the  character  of  the  traffic  justifies 
the  use  of  an  artificial  surfacing,  it  also  demands  a  correspondingly 
strong  foundation.  Whether  or  not  an  artificial  foundation  shall  be 
supplied  will  depend  on  the  local  conditions,  but,  in  the  selection  of 
the  materials  and  the  methods  of  construction  of  the  artificial  founda- 
tion, every  consideration  should  first  be  given  to  the  possibilities  for 
securing  the  greatest  efficiency  from  the  natural  foundation.  Economy 
in  reference  to  the  roadway  will  be  had  from  the  proper  choice  of  the 
various  materials  available  for  artificial  foundations,  svich  as  sand, 
gravel,  broken  stone,  and  concrete. 

Owing  to  the  inherent  lack  of  elasticity  in  brick  or  cement-concrete 
pavements,  it  is  especially  necessary  that  the  surface  of  the  wearing 
course  of  such  pavements  shall  be  built  and  remain  smooth  and  true 
to  contour,  for  the  sake  of  ease  of  traction,  comfortable  riding,  and 
integrity  of  the  surface,  particularly  where  a  cement  filler  for  the 
joints  is  used.  Special  care,  therefore,  should  be  taken  in  these  cases 
to  provide  foundations  of  ample  strength  and  permanence  to  this  end. 
Stone  block  pavements  should  generally,  and  wood  block  pavements 
should  always,  be  laid  on  a  cement-concrete  foundation,  but,  in  case 
of  temporary  paving  with  stone  blocks,  any  type  of  stable  foundation 
may  be  used. 

Local  conditions,  occasionally,  may  justify  the  omission  of  an  arti- 
ficial foundation  for  brick  pavements  where  the  natural  foundation 
material  can  be  satisfactorily  prepared  and  a  reasonable  permanence 
then  expected  from  it,  where  a  relatively  low  first  cost  of  the  brick 
prevails  and  where  light  traffic  only  is  to  be  expected. 

Any  artificial  foundation  should  be  of  a  substantial  thickness  and 
be  properly  consolidated;  and  should  be  rendered  so  compact  that 
further  settlement  or  displacement  will  be  avoided  to  the  utmost. 

The  most  usual  proportions  for  a  cement-concrete  foundation  have 
been  one  part  cement,  three  parts  fine  aggregate,  and  six  parts  coarse 
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aggregate.  This  standard,  however,  is  empirical  rather  than  scientific, 
and  a  more  rational  proportion  should  be  developed  according  to  the 
needs  and  facilities  of  each  case.  Sometimes  it  may  be  desirable  to 
increase  the  mass  at  the  expense  of  luiit  strength,  or  to  increase  the 
mass  for  the  sake  of  economy  in  the  more  expensive  material.  In 
mixing,  placing,  and  completing  a  cement-concrete  foundation,  the 
principles  expressed  under  the  head  of  "Cement-Concrete  Pavements" 
apply,  and  reference  thereto  should  be  had. 

Matei-ials. — Having  determined  the  characteristics  desirable  for  the 
materials  to  be  used  in  any  highway  work,  their  description  in  the 
specifications  should  be  concise,  clear,  and  exact.  Although,  in  some 
cases,  it  may  not  be  possible  to  designate  precisely  the  characteristics 
desired,  it  will  be  possible  to  specify  that  these  qualities  shall  lie 
between  certain  limits,  thus  giving  a  reasonable  tolerance  to  the  de- 
termination of  the  quality  by  test  as  well  as  avoiding  uncertainty  as 
to  whether  or  hot  a  quality  in  this  respect  of  a  material  offered  is 
suitable.  The  description  of  a  material  by  means  of  a  trade  name  is 
permissible  only  in  most  unusual  cases,  and  such  a  description  as 
"equal  to"  another  similar  material  should  never  be  used.  Qualities 
of  a  material  or  methods  of  its  use  should  not  be  left  "to  the  satisfac- 
tion of  the  engineer"  or  "as  determined  by,  or  in  the  opinion  of,  the 
engineer." 

Specific  tests  and  such  description  of  the  methods  of  performing 
each  test  as  will  leave  no  room  for  doubt  as  to  whether  the  results  of  the 
tests  come  within  the  limits  of  tolerance  should  always  be  exi^ressed, 
either  in  detail  or  by  reference  to  the  standards  of  some  reputable 
authorities.  The  tests  and  methods  of  performing  them,  to  be  found 
in  detail  in  Appendices  B  and  C,  are  recommended  for  this  purpose. 

Whenever  coraprehensive  specifications  are  to  be  prepared  so  as  to 
admit  a  variety  of  types  of  bituminous  materials,  separate  specifica- 
tions, as  may  be  necessary,  should  be  written  for  each  type. 

Joints. — For  the  ordinary  joints  in  block  pavements,  the  materials 
and  methods  of  filling  should  be  selected  so  as  to  produce,  not  only  a 
surface  which  will  retain  to  the  utmost  its  imperviousness  and  the 
stability  of  the  blocks  themselves  in  place,  but,  also,  they  should,  as 
far  as  practicable,  conduce  toward  evenness  of  wear  of  the  surface  of 
the  pavement.  If  the  blocks  are  resistant  to  abrasion,  but  are  in- 
clined to  round  off  at  the  edges  of  the  upper  surface  under  traffic,  such 
filling  of  the  joints  is  desirable  as  will  reduce  rounding  off  at  the 
joints.  On  steep  grades,  where  some  roughness  of  surface  may  be 
desirable  for  the  sake  of  affording  better  foothold  for  animals,  some 
openness  at  the  top  of  the  joint  is  desirable,  and  the  softer  joint  fillers, 
less  resistant  to  wear,  may  be  preferred. 

Joint  fillers  naturally  are  divided  into  two  main  classes — the  hard 
cement-mortar  filler  and  the  soft  bituminous  filler.     As  it  is  desirable 
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to  secure  wnter-pruof  pavements,  saiul  alone  should  never  be  used  as 
a  joint  filler.  Though  the  use  of  sand  joints  may  occasionally  appear 
to  be  justified  in  the  interests  of  economy,  it  will  generally  be  found 
unwise  to  use  such  joints  when  some  relatively  slight  additional  first 
cost  will  result  in  appreciably  prolonging  the  life  of  the  pavement.  A 
bituminous  filler  may  be  preferred  to  a  cement-grout  filler  on  account 
of  the  lower  cost  of  street  opening  repairs,  the  better  foothold  provided 
for  horses,  and  the  securing  of  a  more  elastic  and  less  noisy  pavement. 

Cement-mortar  joints  when  properly  made  will  conduce  to  in- 
tegrity of  the  surface.  The  proportions  of  sand,  cement,  and  water 
will  be  affected  by  local  conditions.  To  insure  the  best  results,  a  1 :  1 
mix  of  sand  and  cement  is  recommended.  Great  care  is  necessary  in 
mixing  and  applying  the  mortar  or  grout.  Uniformity  in  the  cement 
grout,  and  especially  skill  and  care  in  its  application,  are  essential  to 
success.  To  insure  uniformity,  there  should  be  a  constant  agitation 
of  the  mix,  up  to  the  moment  of  its  application,  and  no  more  water 
than  is  necessary  for  proper  fluidity  should  be  used.  Ample  time 
should  always  be  allowed  for  the  grout  to  set  thoroughly  before  the 
traffic  is  admitted  to  the  roadway. 

With  bituminous  joint  fillers,  care  must  be  taken  to  select  materials 
which  will  not  be  too  brittle  in  cold  weather  and  so  chip  out  from  the 
joints  under  traffic,  and  which  will  not  be  so  soft  in  hot  weather  as  to 
flow  out  of  the  joints  between  the  .blocks.  It  is  believed,  although  not 
yet  generally  admitted  as  having  been  actually  proved  by  experience, 
that  the  use  of  a  bituminous  mastic  for  joint  filling  would  be  an  im- 
provement over  the  customary  practice  of  using  bituminous  material 
alone  for  this  purpose.  One  of  the  great  difficulties  with  bituminous 
fillers  of  any  kind  will  be  that  of  properly  filling  the  joints  between 
the  blocks,  and  great  care  must  be  taken  to  insure  this  result. 

Expansion-Contraction  Joints. — Joints  at  intervals  across  certain 
types  of  pavements,  such  as  brick  and  cement-concrete,  as  well  as 
along  the  curbs,  have  been  used  in  order  to  compensate  for  a  more  or 
less  unavoidable  movement  of  the  pavement  slab,  which  takes  place 
under  different  conditions  of  moisture,  or  temperature  of  the  air.  In 
cases  where  expansion-contraction  joints  across  the  roadway  at  inter- 
vals are  decided  on,  the  Committee  recommends  the  use  of  bituminous 
material  and  the  abandonment  of  all  forms  of  the  so-called  "armored" 
joints,  because  of  the  smaller  interruption  to  the  homogeneity  of  the 
roadway  surface  thus  secured. 

Cushion  Courses. — The  function  of  a  cushion  between  the  brick  or 
block  on  an  artificial  foundation  of  cement-concrete  is  to  allow  for 
irregularities  in  the  surface  of  the  concrete  and  in  the  depths  of  the 
brick  or  block,  and  to  give  resiliency  to  the  wearing  course.  If  the 
surface  of  the  concrete  foundation  is  made  true  to  the  adopted  cross- 
section,  and  as  the  variation  in  depths  of  the  brick  or  block  decreases. 
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the  thickness  of  a  sand  cushion  may  be  correspondingly  decreased. 
The  thickness  should  never  be  greater  than  that  necessary  to  compen- 
sate for  the  unevennesses  referred  to  plus  such  a  thickness  in  the 
layer  as  will  enable  the  latter  to  perform  satisfactorily  its  function  as 
a  cushion,  that  is  to  say,  about  i  in.  for  this  latter  addition.  If  the 
surface  of  the  concrete  is  truly  parallel  with  the  finished  pavement, 
and  if  the  variation  in  the  depths  of  the  bricks  or  blocks  does  not 
exceed  h  in.,  the  thickness  of  a  sand  cushion  can  safely  be  reduced  to 
I  in.  The  material  which  has  generally  been  used  for  the  cushion 
course  is  sand,  but  engineers,  recently,  have  been  considering  the  ad- 
visability of  using  Portland  cement  mortar  instead,  the  mortar  being 
spread  either  on  the  surface  of  the  concrete  foundation  after  the  latter 
has  been  completed,  or  being  laid  as  a  part  of  the  foundation  itself. 
The  objection  made  by  some  to  mortar  is  that  it  makes  too  solid  a 
base  for  the  blocks  and  gives  no  resiliency.  This  at  present  seems  to 
be  a  moot  question.  The  substitution  of  the  mortar  results  in  a  mono- 
lithic structure,  perhaps  of  greater  strength,  but  less  capable  of  ab- 
sorbing shock  without  injury  than  is  the  case  where  a  sand  or  bitu- 
minous cushion  is  introduced  between  the  wearing  surface  and  the 
foundation,  especially  where  the  joints  are  filled  with  a  bituminous 
filler. 

The  sand  for  a  cushion  course  may  be  slightly  more  loamy  than 
that  permissible  for  safety  in  mortar  or  cement  concrete  work.  This 
excess  loaminess  may  be  advantageous  in  offering  the  sand  a  greater 
ability  to  resist  displacement;  but  it  should  not  be  so  loamy  or  fine  as 
to  prevent  proper  spreading  and  compaction,  or  to  afford  such  a  degree 
of  capillarity  as  will  result  in  frost  action. 

A  bituminous  mixture  composed  of  sand,  stone  screenings,  or  pos- 
sibly wood  fiber,  and  a  bituminous  cement  would  probably  be  more 
satisfactory  for  many  reasons  than  either  the  mortar  course  or  the 
sand  alone,  and  such  a  bituminous  mixture  needs  to  be  only  from  I  to 
i  in.  in  thickness,  provided  the  surface  of  the  concrete  foundation 
is  made  sufficiently  smooth  and  regular  in  contour. 

Finishing  of  Surface. — An  objectionable  slipperiness  of  many  pave- 
ments may  be  decreased  or  prevented  by  proper  precautions  during 
construction  or  by  proper  treatment  thereafter.  The  length  of  time 
that  a  finished  pavement  should  be  closed  to  traffic  in  order  to  season 
properly  before  use  varies  from  a  few  hours  to  several  days,  dependent 
on  the  character  of  the  material  and  methods  used  and  on  climatic 
and  other  local  conditions.  Pavements  in  which  Portland  cement  is 
used  for  filling  the  joints  or  in  the  mass  of  the  surfacing  itself  should 
seldom,  if  ever,  be  closed  for  less  than  2  weeks  after  completion. 
Although  the  plans  and  specifications  usually  call  for  the  surface  to 
be  finished  to  definite  cross-sections,  grades,  or  contours  shown  on  the 
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plans,  questions  frequently  arise  under  contracts  as  to  the  importance 
of  variations  in  exactness  of  compliance  in  the  finished  surface. 

The  Committee  has  had  a  number  of  observations  made,  from  the 
results  of  which  it  is  convinced  that,  in  a  newly  completed  pavement, 
the  variations  from  a  straight-edge  or  template,  8  ft.  in  length,  should 
not  exceed  J  in.  for  asphalt  block,  bituminous  concrete,  brick,  cement- 
concrete,  sheet-asphalt,  and  wood  block  pavements,  and  i  in.  for  broken 
stone  roads,  and  bituminous  macadam  and  stone  block  pavements. 

Manhole  Covers  and  Street-Car  Trades  in  Roadway  Surfaces. — 
Uniformity  in  the  roadway  surface  being  essential  for  minimum  wear 
and  expense  of  maintenance,  anything,  such  as  manhole  covers  or 
street-car  tracks,  introducing  an  element  of  non-uniformity  into  the 
surface,  should  be  counteracted  as  far  as  possible  whenever  surfaces  of 
different  degrees  of  hardness  adjoin  in  a  pavement.  The  traffic  com- 
ing from  the  harder  to  the  softer  surface  naturally  causes  abnormal 
wear  on  the  latter. 

Practically  all  manhole  covers  are  laid  on  rigid  masonry,  so  that, 
unless  some  special  treatment  is  given  to  the  pavement,  there  is  apt 
to  be  undue  wear  adjacent  to  such  structures.  Where  the  pavement 
is  of  stone  block,  wood  block,  or  brick,  the  difference  in  hardness 
between  them  and  the  manhole  heads  is  not  so  great  as  with  other 
paving  materials,  so  that,  when  these  pavements  are  used,  they  can 
be  laid  flush  with  the  manhole  covers,  provided  extra  care  is  taken 
with  the  foundation  immediately  adjacent  to  the  heads,  to  prevent 
any  possible  settlement.  In  the  case  of  macadam  or  bituminous  pave- 
ments, a  different  treatment  should  be  used.  In  such  cases  the  pave- 
ment should  be  laid  about  J  in.  above  the  manhole  head.  This  will 
prevent  the  abnormal  wear  caused  by  the  pounding  action  of  the 
wheels  of  vehicles,  which  would  occur  if  the  pavement  surface  was  any 
distance  below  that  of  the  manhole  head,  a  condition  which  must  exist 
if  the  pavement  is  laid  level  with  such  heads,  as  it  is  not  possible  to 
compact  the  pavement  so  that  it  will  not  compress  under  the  traffic, 
forming  depressions  before  those  actually  caused  by  wear  begin. 

Til  the  case  of  car  tracks  in  streets,  modern  construction  is  such 
that  the  tracks  are  nearly  rigid,  although  this  condition  does  not  exist 
in  all  cities  at  present.  Where  it  does  exist,  however,  the  pavement 
should  be  laid,  as  in  the  case  of  manhole  heads,  somewhat  above  the 
level  of  the  rail.  The  Committee,  however,  does  not  believe  that  in 
any  case  a  bituminous  pavement  should  be  laid  between  the  tracks  or 
between  the  rails  of  the  tracks.  When  car  tracks  are  laid  in  roads  the 
con.struction  is  not  generally  as  nearly  rigid  as  in  streets,  and  the  rails 
are  usually  of  the  T  form.  The  tracks  in  such  cases  are  often  laid  at 
the  side  of  the  road,  rather  than  in  the  center,  as  is  customary  in 
streets.  In  the  case  of  macadam  or  bituminous  roadways,  and  when 
the  rails  are  in  the  center,  it  would  be  advisable  to  lay  stone  blocks  or 
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brick  for  a  width  of  at  least  IS  in.  adjacent  to  the  rails;  when  the 
rails  are  at  the  side  and  the  railroad  area  does  not  form  a  part  of  the 
roadway  proper,  loose  broken  stone  or  o-ravel  may  be  substituted  for 
the  stone  blocks  or  brick. 

Asphalt  Block  Pavements.* 

General. — Specifications  for  asphalt  block  pavement  should  cover 
thoroughly  the  several  components  of  the  bituminous  concrete  used, 
the  manufacture  of  the  blocks,  the  blocks  per  sc,  and  the  details  of  con- 
struction of  the  pavement. 

Materials. — Experience  has  demonstrated  that  the  blocks  should  be 
composed  of  asphalt  cement,  crushed  trap  rock  or  equally  hard  and 
tough  material,  and  mineral  dust.  All  particles  of  the  trap  rock 
should  pass  a  ^-in.  screen,  and  the  mineral  dust  or  filler  should  consist 
of  powdered  limestone.  The  bitumen  content  of  the  blocks  should  be 
between  6.5  and  8.5%,  depending  on  the  grading  of  the  mineral  aggre- 
gate and  the  method  of  manufacture.  The  specifications  should  con- 
tain specific  requirements  with  reference  to  the  asphalt  cement,  filler, 
and  the  grading  of  the  mineral  aggregate,  which  latter  should  be 
similar  to  the  following: 

Passing   200-mesh   sieve 20  to  35  per  cent. 

Passing  SO-mesh  sieve  and  retained  on  200-mesh  sieve.  7  "  15  "  " 
Passing  20-mesh  sieve  and  retained  on  SO-mesh  sieve.  .12  "  30  "  " 
Passing  ^-in.  screen  and  retained  on  20-mesh  sieve.  ..  .30  "  50  "  " 
Retained  on  ^-in.  screen 0    '"      " 

The  specifications  should  also  cover  the  specific  gravity  of  dry 
blocks,  which  should  not  be  less  than  2.45  at  25°  cent.  (77°  Fahr.) 
and  the  percentage  of  absorption  of  water  of  the  blocks,  after  being 
dried  for  24  hours  at  a  temperature  of  65°  cent.  (149°  Fahr.),  should 
not  be  more  than  1%  after  immersion  in  water  for  7  days.  The  blocks 
should  be  about  5  in.  in  width  and  12  in.  in  length,  and  2,  2^.  or  3 
in.  in  depth,  depending  on  trafiic  conditions. 

Construction. — The  blocks  should  be  laid  on  a  fresh  J-in.  mortar 
bed  which  covers  a  cement-concrete  foundation.  After  being  laid,  the 
blocks  should  be  covered  with  a  thin  layer  of  clean,  dry,  fine,  sharp 
sand  which  should  be  thoroughly  swept  into  the  joints  until  they 
are  filled. 

Bituminous  Concrete  Pavements.* 

Classification. — The  principles  to  be  covered  in  drafting  specifica- 
tions for  bituminous  concrete  pavements  will  be  grouped  under  the 

*  For  discussion  of  rates  of  grade,  crown,  artificial  foundation,  etc.,  see  "General 
Conclusions." 
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three  classes   iiitu    wliich   these   pavements  generally  may   be   divided. 
These  classes  are  described  as  follows: 

Class  A. — A  bituminous  concrete  pavement  having  a  mineral  ag- 
gregate composed  of  one  product  of  a  crushing  or  screening 
plant; 

Class  B. — A  bituminous  concrete  pavement  having  a  mineral  ag- 
gregate composed  of -a  certain  number  of  parts  by  weight  or 
volume  of  one  product  of  a  crushing  or  screening  plant  and 
a  certain  number  of  parts  by  weight  or  volume  of  sand,  broken 
stone  screenings,  or  similar  material,  with  or  without  a 
filler; 

Class  C. — A  bituminous  concrete  pavement  having  a  predeter- 
mined, mechanically  graded  aggregate  composed  of  broken 
stone,  broken  slag,  gravel,  or  shell,  with  or  without  sand,  Port- 
land cement,  fine  inert  material,  or  combinations  thereof. 

Bituminous  Concrete  Pavements,  Class  A. 

Mineral  Aggregate. — Broken  stone,  because  of  the  satisfactory  bond 
secured,  should  be  used  wherever  possible,  although  bituminous  con- 
cretes constructed  with  gravel  have  proved  satisfactory  for  light  traffic 
where  great  care  has  been  taken  in  the  selection  of  the  gravel  and  in 
the  construction  of  the  pavement. 

Broken  stone  should  be  clean,  rough-surfaced,  sharp-angled,  of  com- 
pact texture,  and  uniform  grain.  If  the  pavement  is  to  be  subjected 
to  medium  or  heavy  traffic,  the  broken  stone  used  for  the  construction 
of  the  wearing  course  should  show  a  loss  or  abrasion  of  not  more 
than  3.5%,  and  its  toughness  should  not  be  less  than  13. 

Especial  care  is  required  in  drafting  the  specifications  covering  the 
broken  stone  or  gravel  to  be  used.  An  excess  of  large  or  small  sized 
stone  or  gravel  should  be  avoided.  Practice  has  demonstrated  that  a 
mineral  aggregate  composed  of  those  materials  which  will  comply  with 
the  following  mechanical  analysis,  using  laboratory  screens  having 
circular  openings,  will  produce  satisfactory  results:  All  the  material 
shall  pass  a  1.1 -in.  screen;  not  more  than  10%  nor  less  than  1%  shall 
be  retained  on  a  1-in.  screen;  not  more  than  10%  nor  less  than  3% 
shall  pass  a  ^-in.  screen. 

Bituminous  Cements. — Experience  has  demonstrated  that  the  most 
efficacious  bituminous  concrete  pavements  of  Class  A  are  constructed 
by  using  suitable  asphalt  cements  or  refined  tars  in  the  mix,  and  as- 
phalt cements  for  seal  coats.  Satisfactory  results  will  be  secured  when 
tar  cements  are  used  for  seal  coats,  but  the  surface  must  be  re-treated 
more  freciuently  than  when  asphalt  cements  are  used. 

Heating  Aggregates  and  Bituminous  Cements. — Although  satis- 
factory pavements  have  been  constructed  using  unheated  mineral  ag- 
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grei?ates  and  suitable  bituminous  cements,  service  tests  demonstrate 
that  the  best  results  are  secured  by  using  for  the  mineral  aggregate 
broken  stone  or  gravel  vs'hich  is  heated  until  thoroughly  dry  to  between 
GQ°  cent.  (150°  Fahr.)  and  121°  cent.  (250°  Fahr.).  If  revolving 
dryers  in  which  the  flame  is  permitted  to  come  in  contact  with  the 
aggregate  are  used,  great  care  should  be  taken  to  ensure  uniformity  of 
heating  and  so  avoid  the  danger  of  burning  the  aggregate. 

In  order  to  obtain  a  fluidity  of  the  bituminous  material  which 
should  be  sufficient  to  ensure  a  proper  coating  of  the  mineral  particles 
in  cases  where  a  heated  aggregate  is  used,  and  also  to  prevent  injury 
to  the  bituminous  material,  the  asphalt  cements  should  be  heated  to  a 
temperature  between  135°  cent.  (276°  Fahr.)  and  177°  cent.  (350° 
Fahr.),  and  refined  tars  to  a  temperature  between  93°  cent.  (200° 
Fahr.)  and  135°  cent.  (275°  Fahr.). 

Mixing. — The  quantity  of  bituminous  cement  to  be  used  in  the  mix 
will  depend  on  the  kind  of  broken  stone  or  gravel  and  bituminous 
cement,  the  character  of  the  aggregate,  the  climatic  conditions,  etc. 
For  the  aggregate  heretofore  mentioned,  the  bituminous  concrete  mix- 
ture should  contain  between  5  and  8%  by  weight  of  bitumen. 

The  bituminous  concrete  should  be  mixed  in  mixers  designed  and 
operated  so  as  to  produce  and  discharge  a  thoroughly  coated  and  uni- 
form mixture  of  non-segregated  aggregate  and  bituminous  cement. 
Excejit  on  small  contracts  and  for  repair  work,  mixers  which  provide 
for  the  heating  of  the  aggregate  by  the  use  of  a  flame  in  the  mixing 
chamber  should  not  be  used,  on  account  of  the  danger  of  burning  the 
aggregate  or  the  bituminous  cement. 

Laying. — To  ensure  ease  of  manipulation  and  the  proper  compac- 
tion of  the  bituminous  concrete,  the  mixture  as  delivered  on  the  road- 
way should  have  a  temperature  of  not  less  than  66°  cent.  (150°  Fahr.). 
Experience  has  demonstrated  that  a  thickness,  after  rolling,  of  2  in. 
of  bituminous  concrete  is  economical  and  efficacious.  In  order  to 
secure  an  even  surface  and  adequate  compaction  by  a  thorough  inter- 
locking of  the  particles  of  the  aggregate,  a  tandem  roller  weighing 
between  10  and  12  tons  should  be  used. 

Seal  Coat. — A  seal  coat  should  always  be  used  on  this  type  of  bitu- 
minous concrete,  as  maintenance  charges  and  annual  cost  will  be  re- 
duced materially  thereby.  The  seal  coat  should  consist  of  from  J  to  1 
gal.  per  sq.  yd.  of  bituminous  cement,  uniformly  distributed,  preferably 
by  the  use  of  a  hand-drawn  distribiitor  followed  by  a  squeegee.  The 
bituminous  cement  should  be  covered  with  an  application  of  dry  stone 
chips,  which  should  be  rolled. 

Seasonal  Limitations. — Bituminous  concrete  of  this  type  should 
not  be  mixed  or  laid  when  the  air  temperature  in  the  shade  is  lower 
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than  Kr'  cent.  (50°  Falir.),  as  otherwise  it  is  difficult,  uiulcr  average 
conditions,  to  secure  ;iu  even  and  well  compacted  wearing  course. 

Bituminous  Concrete  Pavements,  Class  B. 

Specifications  for  pavements  of  this  class  have  generally  stipulated 
that  so  many  parts  of  broken  stone  or  gravel  and  so  many  parts  of 
sand  or  other  fine  material  are  to  be  mixed  with  a  certain  quantity  of 
bituminous  cement.  By  the  use  of  this  specification,  and  with  unusual 
supervision,  it  is  practicable  to  secure  a  fairly  well-graded  aggregate, 
but  in  most  cases  the  mixture  will  be  found  to  contain  an  excess  of 
broken  stone,  with  insufficient  fine  material  to  fill  the  voids  therein, 
and  in  other  cases  it  will  contain  an  excess  of  sand  in  which  the  broken 
stone  is  held  as  isolated  particles. 

Bituminous  Concrete  Pavements,  Class  C. 

This  type  includes  the  so-called  "Topeka"  mixture,  and  several 
kinds  of  patented  pavements. 

Topeha  Bituminous  Concrete  Pavement. — If  the  Topeka  pavement 
specification  embodies  the  grading,  as  contained  in  the  decree  of  1910, 
namely, 

Bitumen,  from  7  to  11  per  cent. 

Mineral   aggregate,   passing  200-mesh   screen,   from   5   to   11   per 

cent. 
Mineral    aggregate,   passing   40-mesli   screen,   from   18    to    30   per 

cent. 
Mineral    aggregate,   passing   10-mesh   screen,    from    25   to    35   per 

cent. 
Mineral    aggregate,    passing    4-mesh    screen,    from    8    to    22    per 

cent. 
Mineral  aggregate,  passing  2-mesh  screen,  "less  than  10  per  cent., 

special  provisions  should  be  made  in  the  specifications  covering  the 
broken  stone  and  sand  to  be  used,  in  order  to  secure  satisfactory 
grading.  Otherwise,  the  principles  stated  under  "Bituminous  Con- 
crete Pavements,  Class  A",  should  be  followed,  except  that  a  seal  coat 
is  not  considered  necessary  under  many  conditions  where  this  type  of 
pavement  is  used. 

Patented  Bifum,inous  Concrete  Pavements. — In  cases  whcx'e  patented 
bituminous  concrete  pavements  of  Class  B  or  Class  C  are  used,  the 
same  fundamental  principles  observed  under  "Bituminous  Concrete 
Pavements,  Class  A"  should  be  followed,  especially  in  the  case  of  cover- 
ing in  detail  the  composition  and  grading  of  the  mineral  aggregate, 
and  the  physical  and  chemical  properties  of  the  bituminous  cements 
used. 
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Bituminous  Macadam  Pavements.* 

Materials. — The  broken  stone  should  be  of  a  quality  equal  to  that 
prescribed  for  broken  atone  roads,  and  should  have  the  same  character- 
istics.    The  bituminous  materials  may  be  of  asphalt  or  refined  tar. 

Construction. — The  principles  relating  to  thickness  applicable  to  a 
broken  stone  road  are  likewise  applicable  to  bituminous  macadam  pave- 
ments, and  thorough  rolling,  including  the  rolling  of  the  upper  course, 
both  before  and  after  the  application  of  the  bituminous  material,  is 
also  necessary.  As  it  is  desired  to  bind  only  the  upper  course  with 
bituminous  material,  it  is  necessary,  in  order  to  prevent  waste  by 
penetration,  that  there  should  be  no  appreciable  voids  in  the  next  lower 
course.  It  is  not  necessary,  however,  to  flush  the  filler  or  binder  in 
this  course  to  the  same  extent  as  is  necessary  in  binding  the  top  course 
of  a  water-bound  road,  and  it  is  absolutely  essential  that  no  binder 
should  cover  the  stones  of  the  lower  course  when  the  top  course  is 
spread. 

The  quantity  of  bituminous  material  used  should  be  only  sufficient 
to  penetrate  through  the  upper  course.  The  quantity  per  square  yard 
cannot  be  prescribed  absolutely,  depending  in  some  degree  on  the 
hardness  and  size  of  stone  used,  but,  in  general,  the  application  of  1 
gal.  or  less  to  the  square  yard  for  each  inch  in  thickness  of  the  finished 
upper  course  is  adequate. 

The  use  of  a  pressure  distributor  in  applying  the  bituminous  ma- 
terial is  essential,  and  the  distributor  should  be  of  such  type  that  abso- 
lutely uniform  application  may  be  accomplished,  and  that  no  ruts  are 
formed  in  the  surface  by  the  wheels  supporting  the  distributor. 

The  bituminous  material  should  be  applied  at  such  a  temperature 
that  it  will  flow  freely,  and,  to  insure  proper  penetration,  the  stone 
should  be  dry  and  clean,  and  the  air  temperature  should  not  be  lower 
than  10°  cent.  (50°  Fahr.)   during  application. 

In  order  to  secure  a  proper  surface,  the  covering  material  should 
preferably  consist  of  the  crusher  product  passing  over  a  \-'n\.  screen 
and  through  a  |-in.  screen.  Finer  material,  however,  may  be  used  for 
covering  if  a  slippery  surface  is  not  objectionable,  but  the  use  of  ma- 
terial passing  through  a  10-mesh  sieve  should  be  avoided. 

The  use  of  a  bituminous  material  by  no  means  justifies  any  lack 
of  care  in  the  ordinary  details  to  be  followed,  but  rather  increases  the 
need  for  thoroughness  and  skilled  supervision.  Thie  main  principles 
underlying  good  construction  in  water-bound  roads  remain  in  full  force 
when  such  roads  are  treated  with  bituminous  material.  Whatever 
method  may  be  used  in  any  case,  it  is  as  essential,  in  bituminous  work 
as  in  watci'-bound  construction,  that  a  suitable  quality  of  road  metal 
be  used. 

*  For  discussion  of  rates  of  grade,  crown,  artificial  foundation,  etc.,  see  "General 
Conclusions." 
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lirri MiNous  Surface  Tukat.mknts.* 

Descnption. — The  proper  treatment  of  a  broken  stone,  gravel,  shell, 
or  slas"  roadway  with  bituminous  material,  for  the  purpose  of  elimi- 
natinjx  the  so-called  dust  nuisance,  will  at  the  same  time  render  even 
the  best  of  such  roadways  more  efficient  for  sustaining  traffic,  and  such 
treatment  with  bituminous  materials  is  usually  preferable  and  more 
economical  than  sprinkling  with  water,  or  the  use  of  hygroscopic  salts. 

Bitmninous  Material. — Either  refined  tar,  cut-back  asphalt,  or  as- 
phaltic  oil  may  be  used  for  surface  treatment.  If  the  surface  to  be 
treated  is  a  gravel,  broken  stone,  slag,  or  other  porous  and  non-bitu- 
miuous  crust,  practice  has  proven  that  bituminous  material  of  such 
consistency  that  it  can  be  applied  at  a  temperature  below  52°  cent. 
(125°  Fahr.)  is  preferable  to  heavier  material,  and  that  on  any  crust 
the  application  of  a  quantity  in  excess  of  i  gal.  per  sq.  yd.  is  inad- 
visable. It  is  advisable  to  ap])ly  the  material  in  quantities  not  exceed- 
ing i  gal.  per  sq.  yd.  at  a  time.  Heavier  material  in  less  quantity, 
however,  should  be  used  on  bituminous  roadways;  otherwise  there  will 
be  a  tendency  toward  an  objectionable  softening  of  the  material  pre- 
viously used  in  the  construction  of  the  roadway. 

Construction. — The  surface  to  which  a  bituminous  treatment  is  to 
be  applied  should  be  dry,  compact,  and  free  from  depressions  and  dust. 
On  a  broken  stone  road,  the  application  should  be  made  on  the  ex- 
posed stone  surface  of  the  upper  course,  such  exposed  surface  being 
obtained  by  thoroughly  removing  with  brooms  or  sweepers  the  binding 
material  or  dust  that  may  have  been  applied  or  accumulated  thereon. 
The  bituminous  material,  in  all  cases,  should  be  applied  by  a  pressure 
distributor  designed  so  that  the  material  will  be  spread  uniformly  and 
with  a  pressure  of  not  less  than  20  or  more  than  75  lb.  per  sq.  in. 

The  application,  in  all  eases,  should  be  carried  over  the  outside  edges 
of  the  rolled  metal  and  on  the  shoulder  far  enough  to  protect  the  edges 
of  the  metaled  surface.  The  material  should  be  api)lied  only  after  the 
surface  has  been  thoroughly  compacted  by  traffic  or  otherwise. 

After  the  bituminous  material  is  applied  it  should  be  covered  with 
the  toughest  grit  obtainable,  preferably  of  a  size  that  will  pass  through 
a  screen  having  openings  of  not  less  than  i  in.  nor  greater  than  f  in., 
just  enough  of  such  material  being  used  to  cover  the  bituminous  ma- 
terial. It  is  advantageous,  but  not  entirely  necessary,  to  roll  with  a 
steam  roller  after  the  application  of  the  grit. 

Brick  PAVEAfENTS.f 
Cusliion  Course. — In  the  case  of  brick  pavements,  the  brick  being 
of  uniform  size,  sufficient  resiliency  will  be  secured  by  the  use  of  a 

*  For  discussion  of  rates  of  grade,  crown,  artificial  foundation,  etc.,  see  "GeneraJ 
Conclusions." 

t  For  disrupsion  of  rates  of  grade,  crown,  artificial  foundation,  joints,  etc.,  see 
"General  Conclusions." 
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sand  cushion  1  in.,  or  even  slightly  less,  in  depth,  provided  that  the 
depth  is  uniform  and  the  surface  of  the  concrete  foundation  is  truly 
parallel  with  the  finished  pavement;  and  if  the  variation  in  the  depth 
of  the  brick  does  not  exceed  i  in.,  the  thickness  of  the  sand  cushion 
can  safely  be  reduced  to  |  in.  In  many  brick  pavements  recently  laid 
the  cushion  course  has  been  dispensed  with  entirely,  the  brick  having 
been  bedded  in  cement  mortar  spread  over  the  concrete  foundation. 
This  results  in  a  monolithic  structure  less  capable  of  absorbing  shock 
than  is  the  case  where  a  sand  or  bituminous  cushion  is  introduced 
between  the  wearing  surface  and  the  foundation.  A  cushion  course 
composed  of  sand  or  stone  chips  and  a  bituminous  cement  about  i  in. 
in  thickness  may  be  substituted  for  sand  or  cement  mortar,  provided 
the  surface  of  the  concrete  foundation  is  made  sufficiently  smooth  and 
regular  in  contour. 

Materials. — The  quality  of  the  brick  should  be  determined  by 
physical  tests.  The  method  of  making  the  rattler  test  adopted  by  the 
American  Society  for  Testing  Materials  is  approved  by  the  Committee. 
This  test  will  indicate  the  toughness  and  resistance  to  wear  from  shock 
and  abrasion.  Uniformity  in  the  rate  of  wear  is  so  important  that  it 
properly  may  be  a  controlling  consideration,  even  at  the  expense  of  a 
moderate  increase  in  the  rate  of  wear.  In  size  and  shape  it  is  desirable 
to  conform  to  accepted  standards  in  order  that  repairs  and  renewals 
may  more  readily  be  made.  Uniformity  in  size  is  especially  important, 
and  variations  in  depth  should  be  kept  within  the  narrowest  limits. 

Construction. — The  bricks  should  be  laid  in  straight  courses  at 
right  angles  to  the  axis  of  the  roadway,  although  at  intersections  they 
may  advantageously  be  laid  in  diagonal  courses  arranged  so  that  traffic 
turning  any  of  the  corners  will  move  across  the  bricks  and  not  along 
the  continuous  joints.  They  should  be  laid  so  that  the  joints  will  be 
uniform  in  width  and  of  sufficient  width  only  to  permit  a  filler  to 
reach  the  bottom  of  the  joints.  Lug  bricks  have  the  advantage  of  in- 
suring such  uniform  width  with  ordinary  care  in  laying.  If  a  sand 
cushion  is  used,  great  care  should  be  taken  to  avoid  any  disturbance 
of  the  surface  of  the  cushion  after  it  has  been  brought  to  true  grade 
by  using  a  template.  If  bedded  in  a  mortar  or  bituminous  cushion, 
the  brick  should  be  bedded  so  that  the  surface  will  be  as  true  as  pos- 
sible. In  all  cases  the  brick  after  being  laid  should  be  brought  to  a 
true  and  even  surface  by  the  use  of  a  roller. 

Broken  Stone  Eoads.* 

Materials. — All  broken  stone  should  be  clean,  rough-surfaced,  angu- 
lar, of  compact  texture,  and  of  uniform  grain.  It  should  preferably 
be  of  such  quality  that,  using  standard  laboratory  tests,  it  will  show  a 

•  For  discussion  of  rates  of  grade,  crown,  artificial  foundation,  etc.,  see  "General 
Conclusions. 
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percentayo  of  wear  not  j^rcater  than  5  (Frencli  coeflScient  of  wear  not 
less  than  !S),  and  a  toughness  of  not  less  than  G. 

The  broken  stone  should  be  separated  into  component  sizes  by 
passing  the  product  of  the  crusher  over  rotary  screoJls  having  circular 
openings,  the  different  sizes  of  stone  being  collected  in  separate  bins. 
The  separation  of  sizes  is  governed  somewhat  by  the  thickness  at  which 
the  crust  is  to  be  laid.  If  a  G-in.  surface  is  to  be  laid,  the  maximum 
size  should  not  exceed  that  of  stone  passing  a  3-in.  screen,  whereas,  if 
the  pavement  is  to  be  7  in.  or  more  in  thickness,  a  S^-in.  screen  is  per- 
missible. In  all  cases  the  stone  should  be  spread  and  rolled  in  two  or 
more  courses,  the  largest  size  generally  being  used  in  the  lower  course 
and  the  smaller  sizes  in  the  upper  course  or  courses,  each  course  being 
spread  in  such  manner  that  there  will  be  uniformity  in  its  density. 
Such  uniformity  is  accomplished  by  spreading  from  piles  dumped  on 
boards  or  alongside  the  road,  or  by  automatic  spreading  wagons. 

The  product  passing  through  a  §  to  f-in.  screen  should  be  used  as 
a  binder,  and  on  two-course  work  should  be  applied  on  the  top  course 
only,  whereas,  on  the  three-course  work,  the  second  course  should  be 
lightly  covered  with  this  material. 

Products  of  broken  stone  obtained  from  portable  and  stationary 
stone-crushing  and  screening  plants,  though  complying  with  a  given 
specification  of  the  type  now  ordinarily  used,  vary  to  a  considerable 
extent,  due  to  variations  in  the  plant  and  its  operation,  such  as  kind 
of  rock,  type  and  method  of  operation  of  crushing  plants,  methods  of 
separation  of  products,  differences  in  lengths  and  diameters  of  sections 
of  rotary  and  shaker  screens,  and  differences  in  inclination  and  rate 
of  operation  of  screens. 

The  necessity  for  more  carefully  drawn  specifications  covering  the 
sizes  of  the  particles  of  which  a  given  product  of  a  stone-crushing  and 
screening  plant  is  composed,  is  illustrated  by  Table  3,  mechanical  analy- 
ses of  two  products  obtained  from  the  same  plant,  both  of  which 
products  passed  over  a  section  of  a  rotary  screen  having  circular  holes  IJ 
in.,  and  through  a  section  of  a  rotary  screen  having  circular  holes  2^ 
in.  in  diameter.  ^^^^^  3_ 
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It  is  obvious  that,  for  many  forms  of  construction,  in  order  to 
secure  successful  results,  greater  care  must  be  used  in  the  writing  of 
specifications  for  products  of  broken  stone.  The  Committee  recom- 
mends the  genera^use,  as  soon  as  practicable,  of  the  "Standard  Form 
of  Specifications  foi*^  Certain  Commercial  Grades  of  Broken  Stone", 
as  recommended  by  Committee  D-4,  of  the  American  Society  for  Test- 
ing Materials,  in  its  1910  Report: 

The  broken  stone  shall  consist  of  one  product  of  the  operation  of 
a  stone-crushing  and  screening  plant,  witliout  re-combining  or  mixing, 
and  shall  conform  to  the  following  mechanical  analysis,  using  labora- 
tory screens: 

Passing in.  screen  (having  smallest  holes  selected)  from 

to per  cent. 

Passing in.  screen  (having  next  to  largest  holes  selected) 

from to per  cent. 

Passing   in.  screen   (having  largest  holes  selected)  from 

to per  cent. 

In  this  form  of  specification  an  attempt  is  made  to  cover  in  the 
mechanical  analysis  only  the  limits  of  the  smallest  and  largest  particles. 
No  attempt  is  made  to  secure  a  carefully  graded  aggregate,  but  simply 
a  product  suitable  for  the  type  of  road  or  pavement  in  question. 

An  engineer  should  base  the  selection  of  screens,  to  be  used  in  the 
specification  for  a  given  product  of  broken  stone,  on  the  results  of 
mechanical  analyses  of  many  similar  products  obtained  from  portable 
and  stationary  crushing  and  screening  plants  which  supply  the  locality 
in  which  the  specification  is  to  be  used. 

Construction. — Each  course  of  a  broken  stone  road  should  be  thor- 
oughly rolled  with  a  roller  w^eighing  from  10  to  15  tons,  the  rolling 
being  done  first  along  the  sides  and  gradiially  approaching  the  center, 
and  being  continued  until  there  is  no  movement  of  the  stone  ahead  of 
the  wheels  of  the  roller. 

The  binder  should  be  used  on  the  top  course  in  such  quantity  that, 
after  alternate  spreading  of  binder  and  watering,  with  continuous 
rolling,  the  voids  become  so  filled  as  to  result  in  a  wave  of  grout  being 
pushed  along  the  surface  by  the  front  wheel  of  the  roller. 

After  the  completion  and  binding  of  the  top  course,  a  thin  layer 
of  screenings  or  stone  dust  should  be  applied  to  the  surface  in  suffi- 
cient quantity  to  cover  it  evenly. 

Cement-Coxcrete  Pavements.* 

General. — A  thickness  of  from  5  to  8  in.,  as  stated  in  the  general 

principles,  may  ordinarily  be  considered  sufficient  for  a  concrete  slab, 

and.  if  it  seems  advisable,  from  motives  of  economy,  the  thickness  may 

*  For  discussion  of  rates  of  grade,  crown,  artificial  foundation,  joints,  etc.,  see 
"General  Conclusions." 
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be  diminished  i'rum  tlie  ceulur  ui'  tiie  slab  to  the  edges.  Special  condi- 
tions may  call  for  variations,  even  outside  of  the  limits  given.  The 
character  and  the  drainage  of  the  sub-grade,  its  probable  stability  as 
a  foundation,  as  well  as  the  nature  and  amount  of  traffic,  are  some  of 
the  factors  which  enter  into  the  rational  determination  of  the  thickness 
of  the  slab. 

Materials. — The  cement  should  be  tested  by  the  methods  recom- 
mended by  the  Special  Connnittee  on  Uniform  Tests  for  Cement*  of 
the  American  Society  of  Civil  Engineers,  and  should  meet  the  require- 
ments adopted  by  the  American  Society  for  Testing  Materials,  as 
printed  in  the  lUlG  Year  Book  of  that  Society. 

The  Committee  wishes  to  emphasize  the  importance  of  the  aggre- 
gate in  making  up  the  concrete  structure.  Fine  aggregate  may  be  con- 
sidered as  gravel,  sand,  or  screenings  from  hard,  durable  rock,  graded 
so  that,  when  dry,  it  will  pass  a  screen  having  i-in.  circular  openings. 
The  best  fine  aggregate  is  in  general  that  which  is  graded  fairly  uni- 
formly from  the  ^-in.  size  mentioned  above,  downward,  but  not  more 
than  5%  .should  be  of  such  fineness  that  it  will  pass  a  sieve  having  100 
meshes  per  lin.  in.  A  preponderance  of  the  coarser  particles  rather 
than  the  finer  is  desirable,  and,  in  any  case,  less  than  3%  of  the 
material  should  pass  the  200-mesh  sieve.  Standard  briquettes,  made  of 
samples  of  fine  aggregate  and  tested  at  the  usual  periods  of  7  and  28 
days,  should  show  a  strength  at  least  equal  to  similar  briquettes  made 
of  the  same  cement  and  three  parts  of  standard  Ottawa  sand.  Coarse 
aggregate,  in  general,  should  not  be  larger  than  will  pass  a  screen  with 
2-in.  circular  openings,  ranging  down  fairly  uniformly  from  this  size 
to  that  retained  on  a  ^-in.  screen.  The  loss  of  such  material,  as  deter- 
mined by  the  abrasion  test,  should  not  be  more  than  5  per  cent. 

A  denser  and  more  uniform  concrete  may  be  made  by  screening 
the  material,  both  fine  and  coarse  aggregates,  into  different  sizes  and 
re-combining  these  different  sizes  in  such  a  way  as  will  give  the  densest 
mixture,  that  is,  the  smallest  percentage  of  voids,  when  dry.  Although 
this  adds  somewhat  to  the  expense,  the  resulting  composition  will  gen- 
erally be  found  enough  better  to  make  up  for  the  additional  expendi- 
ture. Furthermore,  in  proportioning  the  ingredients  of  the  concrete, 
a  mixture  based  on  mechanical  analyses  is  in  general  to  be  preferred 
to  the  arbitrary  rule  of  a  1:2:4  or  1:3:5  mix.  The  slight  increase 
in  time  and  expense  which  is  incurred  by  determining  the  voids  and 
combining  the  various  sizes  to  get  the  greatest  density  is  more  than 
repaid  by  the  strength  and  density  of  the  resulting  mixture.  Similar 
care  in  the  determination  of  the  proper  quantity  of  water  is  also  to 
be  desired  in  order  that  the  concrete  may  have  a  uniform  consistency 
as  it  is  deposited  in  place.  Though  the  mixture  should  be  rather  wet, 
especially  if  it  is  deposited  without  tamping,  it  should  still  be  stiff 

•  Transactions.  Am.  Soc.  C.  E..  Vol.  I^XXV,  1912,  p.  665. 
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enough  to  hold  its  shape  when  struck  off  by  the  template,  and  yet  not 
result  in  segregation  of  the  different  sizes  throughout  the  mass.  Water 
used  in  mixing  should  be  clean  and  free  from  oil,  alkali,  or  vegetable 
matter. 

Construction. — Forms  used  in  cement-concrete  pavements  should 
be  as  carefully  considered  as  those  for  any  other  class  of  structural 
work  in  concrete.  It  is  important  they  be  true,  and  free  from  warp, 
and  of  sufficient  strength  to  hold  the  wet  concrete  without  springing 
out  of  shape.  Particular  care  should  be  taken  to  keep  the  forms  tight, 
so  that  leakage  through  the  sides,  which  might  allow  the  cement  or 
mortar  to  be  carried  out  of  the  coarse  aggregate  along  the  edges  of 
the  roadway,  may  be  effectively  prevented.  The  concrete  should  be- 
deposited  rapidly  on  the  sub-grade  to  the  required  depth  and  to  the 
entire  width  of  the  pavement.  It  is  better  to  have  the  surface  of  the 
rolled  and  finished  sub-grade  thoroughly  dampened  before  beginning 
to  deposit  the  concrete.  Rolling  or  ramming  the  freshly  placed  con- 
crete is  desirable  wherever  practicable,  as  it  not  only  increases  the 
density  of  the  resulting  mass,  but  also  tends  to  place  the  particles  of 
the  coarse  aggregate  on  the  surface,  so  that  they  interlock  with  each 
other  and  present  a  flat  side  to  the  wear  of  traffic. 

Clean  vertical  joints,  straight  across  the  roadway,  through  the 
entire  mass  of  concrete  in  place,  should  be  insisted  on  when  the  work 
stops  for  a  day,  or  if  there  is  a  stoppage  of  more  than  30  min.  in  the 
work  during  the  day.  Special  precautions  should  be  taken  to  prevent 
freezing  when  work  is  carried  on  during  cold  weather,  and  it  should 
be  borne  in  mind  that  concrete  sets  much  more  slowly  in  cold  weather 
than  in  warm  weather.  If,  in  the  course  of  the  work,  the  temperature 
reaches,  say,  40°  Fahr.,  and  is  falling,  the  operation  of  mixing  and 
laying  concrete  should  be  suspended,  and  the  newly  laid  surface  suit- 
ably protected  from  frost. 

In  finishing  the  surface  of  the  concrete,  a  template  or  a  striking 
board  should  be  used,  which  gives  the  true  form  of  the  finished  pave- 
ment for  its  entire  width.  For  the  final  surface  finish,  the  use  of  the 
wooden  float,  operated  from  a  suitable  bridge  which  spans  the  entire 
pavement,  is  desirable,  although  satisfactory  results  may  be  obtained 
by  the  use  of  a  properly  operated  belt  about  10  in.  wide.  Care  should 
be  taken  that  the  final  surface  of  the  pavement  is  true,  both  trans- 
versely and  longitudinally,  that  is,  with  regard  to  both  cross-section 
and  grade.  In  all  cases  the  surface  of  the  finished  pavement  should 
be  kept  wet  and  protected  from  the  sun  for  several  days. 

Earth  and  Sand-Clay  Roads.* 
Materials  for  Earth  Eoads.— The  earth  road  should  be  constructed 
of  the  natural  soil,  from  which,  for  a  depth  of  10  in.  at  the  center  to 

*  For  discussion  of  rates  of  grade,  crown,  artificial  foundation,  etc.,  see  "General 
Conclusions. 
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5  in.  at  the  sides  of  the  roadway,  all  stones  more  than  3  in.  in  diameter 
and  all  sods,  roots,  and  similar  materials  should  be  removed. 

Construction  of  Earth  Roads. — The  soil  should  be  mixed  with 
plows,  disk  and  spike-tooth  harrows,  or  by  other  satisfactory  means, 
until  all  the  surfacing  material  is  of  uniform  texture.  When  the  earth 
roadway  is  completed  its  thickness  should  be  not  less  than  10  in. 
at  the  center  and  5  in.  at  the  sides.  The  roadway  should  be  shaped 
by  the  use  of  a  road  grader,  and  should  be  finished  so  as  to  conform 
to  the  desired  cross-section,  the  crown  of  which  should  usually  be 
about  1  in.  to  the  ft.  If  any  depressions  appear  during  the  grading 
of  the  roadway,  they  should  be  carefully  filled  with  soil  and  the 
roadway  reshajDed.  In  order  to  secure  satisfactory  results,  several 
months  should  elapse  after  the  road  is  graded  before  it  is  considered 
completo;  and  such  settlements  and  irregularities  as  develop  should 
be  corrected  by  the  use  of  a  grading  machine  or  road  drag. 

Materials  for  Sand-Clay  Roads. — Top-soil  or  mixtures  of  sand  and 
clay  should  comply  with  the  following  requirements:  The  sand  content 
should  be  at  least  from  70  to  80%  ;  the  sand  used  in  sand-clay  mixtures 
should  preferably  be  composed  of  hard  angular  particles  at  least  30% 
of  which  should  be  retained  on  a  50-mesli  sieve;  the  clay  content  should 
vary  from  10  to  20%  and  under  no  circumstances  should  be  allowed 
to  exceed  30% ;  the  clay,  when  placed  on  the  roadway,  should  not 
contain  lumps  larger  than  3  in.  in  diameter. 

Construction  of  Natural  Sand-Clay  Roads. — The  top-soil  should 
be  spread  on  a  flat  sub-grade  to  a  depth  of  10  or  12  in.  at  the  center 
and  5  or  6  in.  at  the  sides.  After  the  surfacing  material  has  been 
laid,  the  ditches  should  be  constructed,  and  the  material  obtained 
therefrom  should  be  used  in  constructing  shoulders.  It  is  advisable 
to  plow  and  then  harrow  the  surfacing  material,  as  a  more  homogeneous 
layer  is  secured  thereby.  The  surfacing  material  should  not  be  com- 
pacted with  an  ordinary  roller  but  with  a  sheep-foot  roller,  or  the 
compaction  should  be  obtained  with  the  hoofs  of  animals  and  the 
wheels  of  vehicles  going  over  the  roadway.  For  successful  results, 
thorough  puddling  is  necessary,  and  this  can  practically  only  be 
secured  through  the  medium  of  rains  during  the  period  of  compaction. 
During  compaction  and  after  each  rain  the  surface  of  the  roadway 
should  be  immediately  reshaped  and  crowned.  When  completed,  the 
compacted  roadway  should  have  a  depth  of  from  7  to  8  in.  in  the 
center  and  3^  to  4  in.  at  the  edges,  and  have  a  crown  of  about  i  in. 
per  foot. 

Construction  of  Sand-Clay  Roads  on  Clay  Suh-Soil. — Although 
there  are  several  methods  of  construction,  the  following  is  advocated, 
as  uniformly  satisfactory  results  are  secured  by  its  use.  The  roadbed 
should  be  graded  practically  level,  and  the  portions  to  be  constructed 
of  sand-clav  should  be  excavated  to  a  sufficient  depth  so  that  the  earth 
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removed  and  placed  on  the  shoulder  of  the  road  will  give  the  right 
slope  to  the  ditches.     The  depth  of  excavation  should  be  from  1^  to 

3  in.,  depending  on  the  width  of  the  road  between  ditches.  The  clay 
soil  should  then  be  plowed  to  a  depth  of  2  or  3  in.,  after  which  about 

4  in.  of  sand  should  be  spread  evenly  over  the  surface  and  thoroughly 
worked  in  with  a  disk  harrow.  Then  4  in.  more  of  sand  should  be 
added  and  harrowed.  During  a  rain,  the  sand-clay  mixture  should  be 
thoroughly  harrowed,  and  after  the  rain  the  roadway  should  be  dragged 
into  shape. 

Construction  of  Sand-Clay  Beads  on  Sand  Sub-soil. — On  a  prac- 
tically flat  roadbed,  a  layer  of  clay  from  2  to  4  in.  in  thickness  should 
be  spread  evenly  over  the  roadway.  A  layer  of  clean  sand  should 
then  be  spread  over  the  clay,  and  the  roadway  thoroughly  harrowed. 
The  roadway  should  be  shaped  up  with  a  drag,  and  during  a  rain  it 
should  be  again  harrowed.  The  roadway  should  be  finally  shaped 
with  the  use  of  a  grading  machine  or  drag. 

Gravel  Koads."^ 

Description. — The  subject  of  gravel  roads  embraces  a  great  variety 
of  styles  of  construction,  from  the  simple  expedient  of  surfacing  the 
existing  roadway  with  run-of-the-bank  gravel  from  near-by  pits  to  the 
construction  of  an  improved  highway  with  all  the  necessary  drainage 
structures  and  improvements  of  grade  attending  a  broken  stone  roadway. 

Materials  and  Construction. — The  method  of  treating  the  gravel 
itself  may  vary  from  the  application  as  it  is  found  in  the  pit  to  the 
separation  into  sizes,  and  even  to  passing  the  gravel  through  the 
crusher  before  screening.  In  general,  we  may  separate  gravel  road- 
ways into  two  classes: 

First,  those  in  which  the  gravel  is  screened  and  applied  in  the 
same  manner  as  with  a  broken  stone  roadway.  This  may  be  with  or 
without  crushing  the  gravel. 

Second,  those  in  which  the  gravel  is  applied  to  the  roadway  in  its 
natural  state  as  found  in  the  pit,  with  or  without  the  addition  of  other 
material,  or  the  natural  material  may  be  passed  through  the  crusher 
before  application  to  the  roadway. 

In  the  first  case,  with  rounded  gravel,  the  tendency  toward  dis- 
lodgment  vinder  traffic  is  greater  than  with  angular  broken  stone,  and 
hence,  in  order  to  reduce  this  tendency,  the  size  of  the  pieces  in  the 
courses  of  the  roadway  must  be  somewhat  smaller  with  gravel  than  in 
the  case  of  broken  stone. 

In  the  second  case,  the  selection  of  the  material  will  be  governed 
by  the  gravel  available  in  the  locality  where  the  roadway  is  to  be 
constructed.    Every  endeavor  should  be  made  to  select  a  material  that 

*  For  discussion  of  rates  of  grade,  crown,  artificial  foundation,  etc.,  see  "General 
Conclusions." 
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will  show,  by  test,  its  fitness  as  regards  hardness,  toughness,  and  cement- 
ing power.  The  gravel  should  show,  on  mechanical  analysis,  a  grading 
of  material  which  will  contain  sufficient  stone  of  the  larger  size  to 
insure  stability  and  wearing  qualities  under  traffic,  and  which  will 
contain  sufficient  finer  material  to  insure  a  proper  bond.  The  best 
material  will  be  composed  of  gravel  graded  so  that  it  will  have  a  maxi- 
mum density. 

Though  the  most  available  material  will  have  a  wide  range  as  to 
sizes,  the  Committee  believes  that  the  following  specification  for  sizes, 
ndojited  by  the  Amerienii  Society  of  Municipal  Improvements  in  1916, 
may  be  followed  safely : 

"Two  mixtures  of  gravel,  sand,  and  clay  shall  be  used,  hereinafter 
designated  in  these  specifications  as  No.  1  product  (for  top  course)  and 
No.  2  product  (for  middle  and  bottom  courses). 

"No.  1  product  shall  consist  of  a  mixture  of  gravel,  sand,  and  clay, 
with  the  proportions  of  the  various  sizes  as  follows :  All  to  pass  a 
1-^-in.  screen  and  to  have  at  least  60  and  not  more  than  75  per  cent, 
retained  on  a  ^-in.  screen ;  at  least  25  and  not  more  than  75  per  cent, 
of  the  total  coarse  aggregate  (material  over  i  in.  in  size)  to  be  retained 
on  a  3-in.  screen;  at  least  65  and  not  more  than  85  per  cent,  of  the  total 
fine  aggregate  (iiiatcrial  under  |  in.  in' size)  to  be  retained  on  a 
200-mesh  sieve. 

"No.  2  product  shall  consist  of  a  mixture  of  gravel,  sand,  and  clay, 
with  the  proportions  of  the  various  sizes  as  follows :  All  to  pass  a 
2i-in.  screen  and  to  have  at  least  60  and  not  more  than  75  per  cent, 
retained  on  a  i-hi.  screen;  at  least  25  and  not  more  than  75  per  cent, 
of  the  total  coarse  aggregate  to  be  retained  on  a  1-in.  screen;  at  least 
65  and  not  more  than  85  per  cent,  of  the  total  fine  aggregate  to  be 
retained  on  a  200-mesh  sieve." 

With  gravel  such  a  quartz,  the  cementation  of  which  is  low,  a 
highly  cementitious  void  filler  is  desirable,  and  a  moderate  quantity 
of  clay  or  loam  may  be  permissible. 

A  more  generous  use  of  gravel,  especially  in  the  surfacing  of  earth 
roads,  should  be  encouraged.  The  low  first  cost  and  ease  of  mainte- 
nance should  help  materially  to  increase  the  mileage  of  serviceable 
roads  in  the  country  districts. 

In  drafting  specifications,  the  refinements  to  be  used  in  the  methods 
of  construction  will  depend  on  the  kind  and  amount  of  traffic  to  be 
sustained,  the  character  and  quality  of  gravel  to  be  secured  in  that 
particular  locality,  and  other  local  conditions.  Generally,  however,  the 
refinements  should  be  carried  to  the  point  where  further  refinement 
would  not  be  economical. 

Sheet-Asphalt  Pavements.* 
General. — A  sheet-asphalt  wearing  course,  consisting  of  predeter- 
mined graded  sand,  filler,   and  asphalt  cement,   should  be  laid  to   a 

*  For  discussion  of  rates  of  grade,  crown,  artificial  foundation,  etc.,  see  "General 
Conclusions." 
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compacted  thickness  of  not  less  than  1^  in.  and  not  more  than  2  in., 
on  a  binder  course  of  bituminous  concrete  consisting  of  broken  stone  or . 
broken  stone  and  sand  mixed  with  asphalt  cement,  the  binder  course 
having  a  compacted  thickness  of  not  less  than  1  in.  nor  more  than  1^  in. 

Materials. — For  heavy  or  medium  traffic,  the  so-called  close  binder 
should  be  used,  instead  of  the  open  binder,  as  the  former  possesses 
greater  inherent  stability  than  the  latter.  Specifications  for  the  grad- 
ing of  open  binder  should  be  similar  to  those  for  the  aggregate  for 
Bituminous  Concrete  Pavements,  Class  A ;  and,  for  a  close  binder, 
similar  to  the  following: 

Ninety-five  per  cent,  of  the  binder  aggregate  shall  pass  a  screen 
having  circular  openings  the  diameter  of  which  shall  be  of  three- 
quarters  the  thickness  of  the  binder  course  to  be  laid.  The  remaining 
5%  shall  not  exceed  in  their  smallest  dimension  the  thickness  of  the 
binder  course  to  be  laid.  The  binder  aggregate  shall  be  graded  from 
coarse  to  fine,  so  as  to  have  the  following  mesh  composition : 

Passing  10-mesh  sieve 15  to  35%      Total  passing 

Passing  i-in.  screen  and  retained  i-in.  screen, 

on  10-mesh  sieve 20  to  50%         35  to  85%. 

The  sand  for  the  wearing  course  shall  be  carefully  graded.  For 
pavements  to  be  subjected  to  medium  or  heavy  traffic,  there  should  be 
a  preponderance  of  the  finer  particles;  and  for  pavements  to  be  sub- 
jected to  light  traffic,  there  may  be  a  preponderance  of  the  coarser 
particles.  Specifications  for  a  sand  for  wearing  courses  to  be  sub- 
jected to  medium  or  heavy  traffic  should  be  similar  to  the  following: 
The  sand  shall  be  hard,  clean,  and  moderately  sharp.  On  sifting  it 
shall  have  the  following  mesh  composition : 

Passing  200-mesh  0  to    5%         T Total  passing 

"       100-mesh  and  retained  on  200-mesh  10  "  25%  )     !     80-mesh  and 
"         80      "       "  "         "    100     "        6  "  20%   i"  -{     retained  on 

"        50      "       "  "         "      80     "        5  "  40%  200-mesh,  20 

"         40      "       "  "         "      50     "        5  "  30%         L   to  40%. 

r  Total  passing 
30      "       "  "         "      40     "        5  "  25%  )     I     10-mesh  and 

20      "       "  "         "      30     "        5  "  15%    [  ^     retained  on 

10      "       "  "         "      20     "        2  "  15%    )         40-mesh,   12 

L   to  45%. 

The  filler  should  be  thoroughly  dry  limestone  dust,  or  dust  from 
other  equally  satisfactory  stone,  or  Portland  cement,  the  whole  of 
which  should  pass  a  30-mesh  sieve  and  at  least  66%  of  which  should 
pass  a  200-mesh  sieve.  The  surface  mixture  should  contain  from  6  to 
20%  of  this  filler,  depending  on  the  kind  of  sand  and  asphalt  used  and 
the  traffic  conditions  on  the  street  or  streets  to  be  paved. 
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Tlie  specifications  should  contain  detailed  requirements  covering 
the  physical  properties  of  the  asphalt  cement,  and  should  presciibe  the 
bitumen  content  of  the  binder  course  and  sheet-asphalt  wearing  course 
mixture.  For  the  grading  mentioned,  the  bitumen  should  be,  for  the 
close  binder,  from  4  to  7% ;  and  for  the  sheet-asphalt  wearing  course 
mixture,  from  9.5  to  13.5  per  cent. 

Consiruction. — The  broken  stone  for  the  binder  should  be  heated 
to  a  temperature  between  107°  cent.  (225°  Fahr.)  and  177°  cent.  (350° 
Fahr.).  The  sand  when  mixed  with  the  asphalt  cement  should  have  a 
temperature  between  135°  cent.  (275°  Fahr.)  and  190°  cent.  (375° 
Fahr.).  The  asphalt  cement  when  used  should  have  a  temperature 
between  121°  cent.  (250°  Fahr.)  and  177°  cent.  (350°  Fahr.). 

The  asphalt  cement  and  broken  stone,  or  broken  stone  and  sand,  for 
the  binder  course,  and  the  asphalt  cement,  sand,  and  filler  for  the  wear- 
ing course,  should  be  thoroughly  mixed  by  machinery  until  a  uniform 
mixture  is  produced  in  which  all  the  particles  are  thoroughly  coated 
with  asphalt  cement. 

When  brought  to  the  work,  the  temperature  of  the  binder  mixture 
should  be  between  93°  cent.  (200°  Fahr.)  and  163°  cent.  (325°  Fahr.), 
and  of  the  wearing  course  mixture  between  110°  cent.  (230°  Fahr.) 
and  177°  cent.  (350°  Fahr.).  The  binder  course  and  the  wearing 
surface  should  be  compacted  separately  by  rolling  with  a  self-propelled 
roller  weighing  not  less  than  200  lb.  per  inch  of  width  of  tread,  the 
rolling  being  carried  on  continuously  at  the  rate  of  not  more  than 
200  sq.  yd.  per  hour  per  roller  until  a  satisfactory  compression  is  ob- 
tained. Excessive  use  of  water  on  the  steam  roller  while  compacting 
the  courses  of  the  pavement  should  not  be  permitted.  During  the  roll- 
ing of  the  wearing  course,  a  small  quantity  of  Portland  cement  should 
be  swept  over  its  surface.  In  cases  where  sheet-asphalt  is  constructed 
next  to  the  curb,  it  is  advisable  to  coat  the  surface  for  a  space  of  12  in. 
next  to  the  curb  with  hot  asphalt  cement. 

Stone  B(.ock  Pavemekts.* 

Materials. — The  stone  pavements  of  this  country  arc  generally  of 
granite  or  sandstone,  the  particular  kind  being  determined  by  the 
availability  of  the  different  materials.  Limestone  is  used  to  a  certain 
extent  in  one  or  two  cities,  but  so  slightly  that  it  need  not  be  considered. 

In  order  to  make  a  good  paving  block,  stone  should  be  resistant  to 
wear,  hard  and  tough,  and  of  such  a  character  as  to  be  easily  broken 
into  regular  shapes.  Toughness  is  more  important  than  hardness,  as 
in  very  few  cases  will  the  blocks  of  a  stone  pavement,  of  a  character 
such  as  is  generally  used,  be  much  reduced  under  actual  traffic.  The 
quantity  of  wear  is  not  as  important  as  that  the  wear  shall  be  uniform, 
so  that  the  surface  of  the  pavement  may  be  kept  smooth  and  even. 

*  For  discussion  of  rates  of  grade,  crown,  artificial  foundation,  joints,  etc.,  see 
"General  Conclusions." 
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The  character  of  sandstone  is  such  that,  though  it  does  wear  smooth, 
it  is  never  slippery;  but  with  granite,  if  the  stone  is  too  hard,  even 
when  no  particuhir  wear  is  noticed  under  traffic,  the  surface  soon  be- 
comes smooth  and  slippery,  and  the  harder  the  stone  the  more  slippery 
it  becomes. 

To  make  suitable  paving  blocks,  granite  should  be  a  medium  and 
uniform-grained  stone,  of  such  a  character  that  when  broken  it  will 
present  smooth  and  even  surfaces,  and  have  a  percentage  of  wear  of 
not  more  than  4.5  and  toughness  of  not  less  than  8.  It  should  have  a 
crushing  strength  of  not  less  than  20  000  lb.  per  sq.  in. 

Sandstone  should  be  hard  and  tough,  and  of  a  character  to  meet 
the  requirements  given  for  granite,  except  as  to  crushing  strength, 
which  should  be  not  less  than  16  000  lb.  per  sq.  in. 

As  the  stone  must  be  made  into  comparatively  small  blocks,  and  as 
this  is  done  by  expensive  labor,  the  size  of  the  blocks  is  extremely  im- 
portant. Probably  the  ideal  sized  block  would  be  8  in.  long,  3i  in. 
wide,  and,  under  general  conditions,  5  in.  deep,  but  if  blocks  were 
made  to  conform  exactly  to  these  dimensions,  they  would  be  extremely 
expensive,  so  that  it  is  considered  good  practice  to  allow  variations  in 
length  from  8  to  12  in.,  in  width  from  3^  to  4J  in.,  and  in  depth  from 
4f  to  5-^  in.,  and  on  light-traffic  streets,  where  certain  conditions  make 
a  stone  pavement  desirable,  an  even  less  depth  may  be  permitted. 
When  sandstone  is  used,  the  blocks  may  be  a  little  wider,  as  far  as  use 
is  concerned.  All  blocks,  however,  should  be  sorted,  so  that  the  ad- 
jacent courses  can  be  kept  as  nearly  uniform  in  width  as  possible. 
Under  no  circumstances,  however,  should  blocks  of  different  widths 
be  used  in  the  same  course.  The  blocks  should  be  dressed  so  that  they 
will  lie  with  close  joints,  and  have  good,  smooth,  and  even  heads. 

Another  form  of  stone  block  pavement,  used  to  some  extent  in 
Europe,  and  which  has  recently  been  introduced  into  this  coinitry,  is 
known  as  "Durax"  in  England  and  as  "Kleinpflaster"  in  Germany. 
It  consists  of  blocks  approximating  cubes  2J  to  4  in.  in  size,  although 
they  should  not  be  exactly  cubical ;  they  should  be  sufficiently  irregular, 
both  in  size  and  shape,  to  permit  them  to  be  laid  in  arcs  of  circles  of 
comparatively  small  radii  and  so  that  the  joints  will  not  be  excessively 
large.  By  laying  the  courses  in  circular  arcs,  none  of  the  joints  is 
parallel  to  any  line  of  traffic. 

In  Europe  these  blocks  are  used  to  a  great  extent  in  resurfacing 
the  broken  stone  roads  where  the  traffic  is  too  heavy  for  macadam,  and 
to  some  extent  in  city  streets.  If  the  blocks  can  be  produced  in  this 
country  at  a  reasonable  price,  they  will  make  very  satisfactory  roads. 
They  have  been  used  to  a  slight  extent  in  pavements  in  some  Southern 
cities. 

During  the  last  few  years  many  pavements  have  been  laid  with 
granite  blocks  made  by  splitting  up  old  ones  which  had  been  in  use 
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for  some  years.  With  blocks  tliat  ranged  from  4  to  5  in.  in  widtli,  10 
to  12  in.,  and  even  14  in.,  in  length,  and  8  in.  in  dt'i)th,  it  has  been 
found  possible  to  get  many  good  blocks  of  smaller  size  by  cutting  them 
uj).  The  new  blocks,  being  small,  could  bo  cut  to  a  reasonably  true 
surface  without  much  work,  with  the  result  that  the  old  blocks  recut 
would  actually  lay  more  square  yards  in  a  pavement  than  the  original 
ones.  This  practice  is  to  be  commended,  both  on  the  score  of  economy 
and  result. 

Foundation  and  Cushion. — It  is  assumed  that  the  foundation  for 
permanent  stone  pavements  will  in  all  cases  be  concrete.  On  the  con- 
crete must  be  spread  a  material  to  act  both  as  a  cushion  to  the  blocks 
themselves  and  to  even  up  the  surface  of  the  concrete ;  and  the  smoother 
the  surface  and  the  less  the  variation  in  the  depth  of  the  blocks,  the 
thinner  can  be  the  cushion,  although  it  should  not  be  less  than  'i  in., 
in  any  event. 

The  cushion  which  has  generally  been  used  for  this  purpose  is  sand, 
but  recently  engineers  have  been  considering  the  advisability  of  using 
I'ortland  cement  mortar  instead.  The  objection  to  mortar,  made  by 
some,  is  that  it  makes  a  too  solid  base  for  the  blocks,  not  giving  any 
resiliency.  This  at  present  is  a  mooted  question,  and  the  Committee 
does  not  desire  to  express  a  positive  opinion  as  to  the  relative  values 
of  the  two.  If  a  good  bituminous  cushion  could  be  provided,  it  would 
probably  be  more  satisfactory  than  either  the  mortar  or  the  sand,  but 
it  is  questionable  if  the  advantage  gained  would  justify  the  increase 
in  expense.     (See  also  Brick  Pavements.) 

Constrtiction. — The  blocks  shoxild  be  laid  on  the  cushion  stone  to 
stone,  keeping  the  joints  as  small  as  possible.  The  joints  should  be 
filled  with  water-proof  material.  For  this  purpose  a  Portland  cement 
grout,  asphalt,  or  some  other  bituminous  filler  is  generally  used,  and 
in  some  cases  sand  is  mixed  with  a  bituminous  material  in  order  to 
increase  the  toughness  of  the  filler.  All  these  fillers  give  good  results, 
but  with  cement  grout  the  cost  of  taking  up  and  restoring  the  pavement 
over  cuts  is  increased  over  that  of  a  bituminous  filler,  as  in  many 
cases  blocks  are  broken  in  taking  them  up,  and  it  is  difficult  to  clean 
the  cement  from  the  individual  blocks  and  also  to  keep  the  traffic  from 
the  cut  or  patch  while  the  grout  is  setting  after  the  pavement  has  been 
restored.  Another  disadvantage  of  the  cement  grout  filler  is  that  it  is 
highly  important  that  it  be  perfectly  set  before  traffic  is  allowed  on 
the  pavement,  and  in  large  cities  it  is  almost  imjwssible  to  keep  traffic 
from  the  pavement,  after  it  is  laid,  for  the  necessary  length  of  time. 

Wood  Block  Pavements.* 
General. — In  using  wood  in  pavements,  special  attention  should  be 
given  to  the  crown  of  the  street,  as  this  material  undoubtedly  presents, 

•  For  discussion  of  rates  of  grade,  crown,  artificial  foundation,  etc.,  see  "General 
Conclusions." 
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under  certain  conditions,  a  more  slippery  surface  to  traffic  than  any- 
other.  Wherever  the  longitudinal  grade  is  sufficient  to  allow  the 
water  to  run  off  freely,  the  crown  should  be  very  flat,  not  exceeding 
3  in.  in  a  roadway  width  of  30  ft.  On  streets  which  must  be  used 
continuously,  the  maximum  grade  allowed  should  not  exceed  2%, 
although  on  residence  streets,  where  pavements  can  be  avoided  when 
they  are  exceptionally  slippery,  grades  up  to  3  or  4%  are  permissible. 
In  the  Middle  West,  where,  as  a  rule,  there  is  less  moisture  in  the  air 
under  ordinary  conditions,  the  foregoing  grades  have  been  exceeded 
with  satisfactory  results. 

Kinds  of  Wood  for  BlocJcs. — Whatever  the  kind  of  wood  used  for 
pavements,  it  must  be  treated  with  some  preservative,  in  order  to  make 
it  suitable^  It  is  important  that  as  many  kinds  of  wood  be  utilized  as 
possible,  so  that  in  any  territory  the  most  available  one  can  be  used. 
Just  how  many  varieties  can  be  utilized  is  uncertain  at  the  present 
time,  but  those  that  are  undoubtedly  good  are:  Southern  yellow  pine, 
Douglas  fir,  tamarack,  Norway  pine,  hemlock,  and  black  gum.  In  the 
East  and  Central  West,  Southern  yellow  pine,  and  en  the  Pacific  Coast, 
Douglas  fir,  are  generally  used.  Experiments  will  be  necessary  to 
determine  just  what  other  kinds  will  be  satisfactory. 

The  blocks  must  be  sound,  and  must  be  well  manufactured,  square- 
butted,  square-edged,  free  from  unsound,  loose  or  hollow  knots,  knot 
holes,  worm  holes,  and  other  defects,  such  as  shakes,  checks,  etc.,  that 
would  be  detrimental  to  the  blocks. 

The  number  of  annual  rings  in  the  1  in.  which  begins  2  in.  from 
the  pith  of  the  block  should  not  be  less  than  6,  measured  radially, 
provided,  however,  that  blocks  containing  between  5  and  6  rings  in 
this  inch  may  be  accepted  if  they  contain  33J%,  or  more,  of  summer 
wood.  In  case  the  block  does  not  contain  the  pith,  the  1  in.  to  be 
used  shall  begin  1  in.  away  from  the  ring  which  is  nearest  to  the 
heart  of  the  block.  The  blocks  in  each  charge  shall  contain  an  aver- 
age of  at  least  T0%  of  heart  wood.  No  one  block  shall  be  accepted 
that  contains  less  than  50%  of  heart  wood. 

Size  of  Blocks. — The  blocks  should  be  from  5  to  10  in.  long,  but 
should  preferably  average  two  times  the  depth.  The  Committee  recom- 
mends blocks  4  in.  in  depth  for  very  heavy  traffic  streets;  blocks  3J 
in.  in  depth  for  moderate  traffic  streets.  For  light  traffic  streets,  3  in. 
in  depth  may  be  used,  but  where  3-in.  blocks  are  used,  no  blocks 
should  be  longer  than  8  in.  They  may  be  from  3  to  4  in.  in  width, 
but,  in  any  one  city  block,  all  of  them  should  be  of  uniform 
width.  A  variation  of  xV  in-  should  be  allowed  in  the  depth  and  J 
in.  in  width  of  the  blocks  from  that  specified.  In  all  cases  the  width 
should  be  greater  or  less  than  the  depth  by  at  least  i  in. 

Preservatives  for  Wood  Blocks. — Many  different  materials  have  been 
used  in  the  past  for  wood  preservatives,  but  the  Committee  believes 
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that,  taking  all  things  into  consideration,  coal-tar  creosote  oil  is  the 
best.  Some  engineers,  however,  feel  that  a  creosote  oil  produced  from 
water-gas  tar  is  as  good  as  one  produced  from  coal-gas  tar,  if  not 
better.  As  the  object  of  the  preservative  is  not  only  to  prevent  the 
blocks  from  decay,  but  also  to  prevent  them  from  swelling  in  wet 
weather  or  shrinking  in  dry  weather,  whatever  the  preservative,  it 
should  be  of  a  character  that  will  render  the  blocks  stable  and  free 
from  decay,  for  as  long  a  time  as  possible.  It  is  probable  that  under 
the  trathc  that  prevails  on  most  of  the  streets  paved  with  wood  in 
this  country,  if  the  blocks  can  be  kept  stable  and  free  from  decay, 
the  pavement  will  last  from  30  to  35  years,  or  even  longer.  It  is 
necessary,  however,  to  have  an  oil  that  is  in  itself  stable  and  will 
remain  in  the  blocks  a  long  time. 

It  is  thought  that  a  heavy  gravity  oil  will  do  this  better  than  one  of 
light  gravity,  as  the  former  is  less  volatile  and  will  maintain  its 
condition  better  while  exposed  to  atmospheric  changes.  The  Com- 
mittee recognizes  that  good  results  have  been  obtained  by  the  use  of  a 
pure  distillate  oil,  and  also  one  which  contains  a  certain  quantity  of 
coal-gas  tar. 

Tveatment  of  ^Vood  Blocks. — The  timber  may  be  either  air- 
seasoned  or  green,  but  should  preferably  be  treated  within  3  months 
from  the  time  it  is  sawed.  Green  timber  and  seasoned  timber,  how- 
ever, should  not  be  treated  together  in  the  same  charge. 

In  any  charge,  blocks  should  contain  at  least  16  lb.  of  water-free 
oil  per  cubic  foot  of  wood  at  the  completion  of  the  treatment.  The  blocks 
after  treatment  should  show  satisfactory  penetration  of  the  preserva- 
tive, and  in  all  eases  the  oil  must  be  diffused  throughout  the  sapwood. 
To  determine  this,  at  least  25  blocks  shall  be  selected  from  various 
parts  of  each  charge  and  sawed  in  half  perpendicular  to  the  fibers 
througli  the  center,  and  if  more  than  one  of  these  blocks  shows 
untreated  sapwood,  the  charge  should  be  re-treated.  After  re-treating, 
the  charge  should  be  again  subjected  to  a  similar  inspection. 

The  surface  of  the  blocks  after  treatment  should  be  free  from 
deposits  of  objectionable  substances,  and  all  blocks  that  have  been 
materially  warped,  checked,  or  otherwise  injured  in  the  process  of 
treatment  should  be  rejected. 

Handling  Blocks  After  Treatment. — Blocks  should  preferably  be 
laid  in  the  street  as  soon  as  possible  after  being  treated.  If  they 
cannot  be  laid  immediately,  provision  should  be  made  to  prevent  them 
from  drying  out  by  stacking  in  close  piles  and  covering  them,  and, 
if  possible,  by  sprinkling  them  thoroughly  at  intervals.  In  any  case, 
where  they  are  not  laid  as  soon  as  they  are  received  on  the  street, 
they  should  be  well  sprinkled  about  2  days  before  being  laid,  under 
the  direction  of  the  purchaser.  It  is  important  to  have  the  wood 
sufficientlv  v^'et  to  be  swelled  to  its  maximum  size  before  it  is  laid. 
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Inspection. — All  material  specified  and  processes  used  in  the  manu- 
facture of  the  blocks  therefrom  should  be  subject  to  inspection,  accept- 
ance, or  rejection  at  the  plant  of  the  manufacturer,  which  should  be 
equipped  with  the  necessary  gauges,  appliances,  and  facilities  to  enable 
the  inspector  to  satisfy  himself  that  the  requirements  of  the  specifi- 
cations are  fulfilled. 

The  purchaser  should  have  the  further  right  to  inspect  the  blocks 
after  delivery  on  the  street,  for  the  purpose  of  rejecting  those  that 
do  not  meet  these  specifications,  except  that  the  plant  inspections 
should  be  final  with  respect  to  the  kind  of  wood,  rings  per  inch,  oil, 
and  treatment. 

Construction. — There  are  two  methods  of  laying  wood  blocks,  one 
with  and  one  without  a  cushion.  In  Europe  it  is  invariably  the  practice 
to  lay  the  blocks  directly  on  the  concrete  bed.  When  this  is  done  it 
is  necessary  that  the  surface  of  the  concrete  be  made  absolutely  smooth 
and  true  to  the  required  cross-section  of  the  pavement.  In  this  country 
the  practice  has  been  to  surface-up  the  concrete,  as  has  been  mentioned 
in  connection  with  stone  blocks,  with  cement  mortar  or  sand.  The 
Committee  believes  that  the  cement  mortar  will  give  a  better  result 
than  the  sand.  It  should,  however,  be  mixed  as  dry  as  possible  and 
at  the  same  time  insure  setting,  and  the  blocks  should  be  thoroughly 
rolled  into  it.  If  the  sand  cushion  is  used,  the  blocks  should  also  be 
rolled  to  a  smooth  surface. 

The  Committee  looks  with  a  great  deal  of  favor  on  the  practice 
of  finishing  the  concrete  to  a  true  surface  and  laying  the  blocks  directly 
on  it,  and  would  suggest  that  engineers  laying  this  pavement  try  this 
method,  and,  if  the  cost  of  producing  a  smooth  concrete  surface  is  not 
excessive,  that  the  method  be  generally  adopted. 

The  blocks  should  be  laid  closely  and  the  joints  filled  with  some 
suitable  material.  Three  materials  have  been  used  in  this  country 
for  joint  filling:  sand,  cement  grout,  and  a  bituminous  material.  On 
heavy-traflSc  streets,  if  fine  sand  is  used,  good  results  will  be  obtained. 
On  light-traffic  streets,  however,  it  may  be  better  to  use  a  bituminous 
filler  of  practically  the  same  character  as  that  used  for  granite.  If  a 
bituminous  filler  is  used,  the  pavement  should  be  covered  with  a  thin 
layer  of  fine  sand,  which  should  be  allowed  to  remain  1  or  2  weeks 
after  the  traffic  has  been  allowed  on  the  street.  The  Committee  does 
not  feel  that  cement  grout  should  be  used,  in  any  case.  Though  a 
wood  block  pavement  should  keep  stable,  it  is  undoubtedly  safer  to 
use  a  bituminous  joint  along  the  curb  to  provide  for  expansion  or 
contraction. 

Bleeding.- — Considerable  inconvenience  has  been  caused  in  certain 
cities  by  "bleeding",  or  the  exudation  of  the  preservative  on  the  sur- 
face of  the  street,  after  the  blocks  have  been  laid.  If  the  proper  pre- 
caution is  taken  with  the  character  of  the  material  and  the  character 
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of  the  troatment,  it  is  thouslit  that  this  can  be  avoided.  If  the  pave- 
ment, liowevcr,  should  bleed  to  such  an  extent  as  to  be  a  nuisance, 
it  should  be  covered  with  fine  sand,  so  that  the  surface  material  can 
be  absorbed.  After  one  or  two  applications  there  should  be  no  further 
trouble. 

Definitions. 

For  the  sake  of  uniformity  and  clearness,  the  Committee  recom- 
mends that  the  following  lists  of  terms  of  frequent  use  in  expressions 
relating  to  highway  work  be  recognized  as  having  the  meanings  set 
forth  in  the  list,  unless  otherwise  definitely  stated  at  any  time  by  a 
user  of  such  term  or  terms. 

In  the  list  given  will  be  found  some  terms  and  definitions  adopted 
by  the  American  Society  for  Testing  Materials  noted  thus  *,  others 
by  the  American  Reporters  on  Communication  No. "  10  at  the  Third 
International  Koad  Congress,  designated  thus  f,  and  other  terms  and 
definitions  which  have  been  proposed  by  the  Committee  on  "Standard 
Tests  for  Koad  Materials"  (Committee  D-4)  of  the  American  Society 
for  Testing  Materials,  which  have  been  indicated  thus  X-  The  Com- 
mittee wishes  to  acknowledge  here  its  obligations  for  suggestions  thus 
reaching  it. 

Aggregate. — The  inert  material,  such  as  sand,  gravel,  shell,  slag, 
or  broken  stone,  or  combinations  thereof,  with  which  the  cementing 
material  is  mixed  to  form  a  mortar  or  concrete. 

Asphalt. — t  Solid  or  semi-solid  native  bitumens,  solid  or  semi-solid 
bitumens  obtained  by  refining  petroleums,  or  solid  or  semi-solid  bitu- 
mens which  are  combinations  of  the  bitumens  mentioned  with  petrol- 
eums or  derivatives  thereof,  which  melt  on  the  application  of  heat,  and 
which  consist  of  a  mixture  of  hydrocarbons  and  their  derivatives  of 
complex  structure,  largely  cyclic  and  bridge  compounds. 

Asphalt  Bloclc  Pavement. — One  having  a  wearing  course  of  pre- 
viously prepared  blocks  of  asphaltic  concrete. 

Asphalt  Cement. — A  fluxed  or  unfluxed  asphaltic  material,  especially 
prepared  as  to  quality  and  consistency,  suitable  for  direct  use  in  the 
manufacture  of  asphaltic  pavements,  and  having  a  penetration  of 
between  5  and  250. 

Asphaltenes. — +  The  components  of  the  bitumen  in  petroleum, 
petroleum  products,  malthas,  asphalt  cements,  and  solid  native  bitu- 
mens, which  are  soluble  in  carbon  disulphide,  but  insoluble  in  paraffin 
naphthas. 

Asphaltic. — Similar  to.  or  essentially  composed  of,  asphalt. 

Base. — Artificial  foundation. 

Binder. — (1)  A  foreign  or  fine  material  introduced  into  the  min- 
eral portion  of  the  wearing  surface  for  the  purpose  of  assisting  the 
road  metal  to   retain   its   integrity  under   stress,   as   well   as,   perhaps. 
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to  aid  in  its  first  construction.  (2)  The  course,  in  a  sheet-asphalt 
pavement,  frequently  used  between  the  concrete  foundation  and  the 
sheet-asphalt  mixture  of  graded  sand  and  asphalt  cement. 

Bitumen. — *  A  mixture  of  native  or  pyrogenous  hydrocarbons  and 
their  non-metallic  derivatives,  vphich  may  be  gases,  liquids,  viscous 
liquids,  or  solids,  and  which  are  soluble  in  carbon  disulphide. 

Bituminous  Cement. — A  bituminous  material  suitable  for  use  as  a 
binder  having  cementing  qualities  which  are  dependent  mainly  on 
its  bituminous  character. 

Bituminous  Concrete  Pavement. — One  composed  of  broken  stone, 
broken  slag,  gravel,  or  shell,  with  or  without  sand,  Portland  cement, 
fine  inert  material,  or  combinations  thereof,  and  a  bituminous  cement 
incorporated  together  by  a  mixing  method. 

Bituminous  Macadam  Pavement. — One  having  a  wearing  course 
of  macadam  with  the  interstices  filled  by  a  penetration  method  with 
a  bituminous  binder. 

Bituminous  Material. — Material  containing  bitumen  as  an  essen- 
tial constituent. 

Liquid  Bituminous  Material. — X  Bituminous  material  show- 
ing a  penetration  at  normal  temperature  under  a  load  of  50 
grammes  applied  for  1  sec.  of  more  than  350. 

Semi-Solid  Bituminous  Material. — ^  Bituminous  material 
showing  a  penetration  at  normal  temperature  under  a  load  of 
100  grammes  applied  for  5  sec.  of  more  than  10,  and  under 
a  load  of  50  grammes  applied  for  1  sec.  of  not  more  than  350. 

Solid  Bituminous  Material.— X  Bituminous  material  showing 
a  penetration  at  normal  temperature  under  a  load  of  100 
grammes  applied  for  5  sec.  of  not  more  than  10. 

Bituminous  Pavement. — One  composed  of  broken  stone,  broken 
slag,  gravel,  shell,  sand,  or  fine  inert  material,  or  combinations  thereof, 
and  bituminous  cement  incorjoorated  together. 

Bituminous  Surface. — A  superficial  coat  of  bituminous  material 
with  or  without  the  addition  of  stone  or  slag  chips,  gravel,  sand,  or 
material  of  similar  character. 

Blanket.— See  "Carpet." 

Bleeding. — The  exudation  of  bituminous  material  on  the  roadway 
surface  after  construction. 

Blown  Petroleums. — f  Semi-solid  or  solid  products  produced 
primarily  by  the  action  of  air  upon  originally  fluid  native  bitumens 
which  are  heated  during  the  blowing  process. 

Bond. — The  combined  action  of  inertia,  friction,  and  of  the  forces 
of  adhesion  and  cohesion  which  helps  the  separate  particles  composing 
a  crust  or  pavement  to  resist  separation  under  stress.  Mechanical  bond 
is    the   bond    produced    almost    wholly,    in    a    well-built    broken-stone 
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macadam  road,  by  the  interlockiiif?  of  anerwliir  fragments  of  stone  and 
the  siibse(iuont  filling-  of  the  remaining  interstices  with  the  finer 
particles. 

Bou  n  d. — Bonded. 

Wafer-Bound. — Bonded  with  the  aid  of  water. 
Bituminous    Bound. — Bonded    with    tlie    aid    of    bituminous 
material. 

Brick  rave  men  f. — One  having  a  wearing  course  of  paving  bricks 
or  blocks. 

Bridge.— A  structure  for  the  purpose  of  carrying  traffic  over  a  gap 
in  the  roadbed  measuring  10  ft.  or  more  in  the  clear  span. 

Camber  of  a  Bridge. — The  rise  of  its  center  above  a  straight  line 
through  its  ends. 

Camber  of  a  Boad. — See  "Crown." 

Carbenes. — f  The  components  of  the  bitumen  in  petroleums,  petro- 
leum products,  malthas,  asphalt  cements,  and  solid  native  bitumens, 
which  are  soluble  in  carbon  disulphide,  but  insoluble  in  carbon  tetra- 
chloride. 

Carpet. — A  bituminous  surface  of  appreciable  thickness,  generally 
formed  on  top  of  a  roadway  by  the  application  of  one  or  more  coats  of 
bituminous  material  with  gravel,  sand,  or  stone  chips  added. 

Cement. — An  adhesive  substance  used  for  uniting  particles  of  other 
materials  to  each  other.  Ordinarily  applied  only  to  calcined  ''cement 
rock",  or  to  artificially  prepared,  calcined,  and  ground  mixtures  of 
limestone  and  silicious  materials.  Sometimes  used  to  designate  bitu- 
minous binder  used  in  bituminous  pavements,  when  the  expression 
"bituminous  cement"  (q.  v.)  is  understood  to  be  meant. 

Cement-Concrete. — An  intimate  mixture  of  gravel,  shell,  slag,  or 
broken  stone  particles  with  certain  proportions  of  sand  or  similar 
material,  cement,  and  water,  made  previous  to  placing. 

C ement-C oncrete  Pavement. — One  having  a  wearing  course  of 
hydraulic  cement  concrete. 

Cemented. — Bonded.  Referring  to  water-bound  macadam,  the  term 
"cemented"  is  used  to  designate  that  condition  existing  when,  after 
rolling  the  stone  forming  the  crust,  the  remaining  voids  have  been  filled 
with  the  finer  sizes,  and  the  stone  dust  or  "flour"  has,  under  the  action 
of  water,  taken  a  "set",  as  does  cement  itself. 

Chips. — Small  angular  fragments  of  stone  or  slag  containing  no  dust. 

Clay. — Finely  divided  earth,  generally  silicious  and  aluminous, 
which  will  pass  a  200-mesh  sieve.     Also  see  "Gravel." 

Coal-Tar. — f  The  mixture  of  hydrocarbon  distillates,  mostly  un- 
saturated ring  compounds,  produced  in  the  (Instructive  distillation  of 
coal. 
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Coat. — See  "Carpet."  (1)  The  total  result  of  one  or  more  single 
surface  applications.    (2)  To  apply  a  coat. 

Cohe-Oven  Tar. — f  Coal-tar  produced  in  by-product  coke  ovens  in 
the  manufacture  of  coke  from  bituminous  coal. 

Consistency. — *  The  degree  of  solidity  or  fluidity  of  bituminous 
materials. 

Course. — One  or  more  layers  of  road  metal  spread  and  compacted 
separately  for  the  formation  of  the  road  or  pavement.  Courses  are 
usually  referred  to  in  the  order  of  their  laying  as  first  course,  second 
course,  third  course,  etc.    Also  a  single  row  of  blocks  in  a  pavement. 

Crown. — The  rise  in  cross-section  from  the  lowest  to  the  highest  part 
of  the  finished  roadway.  It  may  be  expressed  either  as  so  many  inches 
(or  tenths  of  a  foot),  or  as  a  rate  per  foot  of  distance  from  side  to 
center,  i.  e.,  "the  crown  is  4  in.",  or  "the  crown  is  J  in.  to  the  foot." 

Crusher  Run. — The  total  unscreened  product  of  a  stone  crusher. 

Crusher-Run  Stone.— The  product  of  a  stone-crusher,  unscreened 
except  for  the  removal  of  the  particles  smaller  than  remaining  on  about 
a  ^-in.  screen. 

Crust. — That  portion  of  a  macadam  or  similar  roadway  above  the 
foundation  consisting  of  the  road  metal  proper  with  its  bonding  agent 
or  binder. 

Culvert. — A  structure  for  the  purpose  of  carrying  traffic  over  a  gap 
in  the  road-bed,  measuring  less  than  10  ft.  in  clear  span. 

Cut-Back  Products. — Petroleum,  or  tar  residua,  which  have  been 
fluxed,  each  with  its  own  or  similar  distillates. 

Dead  Oils.—*  Oils,  with  a  density  greater  than  water,  which  are  dis- 
tilled from  tars. 

Dehydrated  Tars. — f  Tars  from  which  all  water  has  been  removed. 

Ditch. — The  open-side  drain  of  a  roadway,  usually  deep  in  propor- 
tion to  its  width,  and  unpaved. 

Drainage. — Provision  for  the  disposition  of  water. 

•  Side-Drainage. — That  along  the  sides  of  the  roadway. 

Sub-  or  Under-Drainage. — That  below  the  surface. 

Surface  Drainage. — That  on  the  roadway  or  ground  surface. 

V-Drainage. — That  provided  by  the  construction  of  troughs 
in  the  sub-grade  of  the  roadway  which  troughs  are  like  a  "V", 
with  flat  sloping  sides,  and  are  filled  with  stone. 

Dust. — Earth  or  other  matter  in  fine,  dry  particles,  so  attenuated 
that  they  can  be  raised  and  carried  by  air  currents.  The  product  of 
the  crusher  passing  through  a  fine  sieve. 

Dust  Layer. — Material  applied  to  a  roadway  for  temporarily  pre- 
venting the  formation  or  dispersion  under  traffic  of  distributable  dust. 

Earth.  Road. — A  roadway  composed  of  natural  earthy  material. 
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Emiilsion. — A  combination  of  water  and  oily  material  made  miscible 
with  water  through  the  action  of  a  saponifyinfr  or  other  a^ent. 

Expansion  Joint. — A  separation  of  the  mass  of  a  structure,  usually 
in  the  form  of  a  joint  filled  with  elastic  material,  which  will  provide 
opportunity  for  slight  movement  in  the  structure. 

Fat. — Containing  an  excess.  A  fat  asphalt  mixture  is  one  in  which 
the  asphalt  cement  is  in  excess  and  the  excess  is  clearly  apparent. 

Filler. — (1)  Relatively  fine  material  used  to  fill  the  voids  in  the  ag- 
gregate. (2)  Material  used  to  fill  the  joints  in  a  brick  or  block 
pavement. 

Fixed  Carbon. — *  The  organic  matter  of  the  residual  coke  obtained 
upon  burning  hydrocarbon  products  in  a  covered  vessel  in  the  absence 
of  free  oxygen. 

Flour. — t  Finely  ground  rocks  or  minerals  pulverized  to  an  impal- 
pable product. 

Flush  Coat.—See  "Seal  Coat." 

Flushing. — (1)  Completely  filling  the  voids.  (2)  Washing  a  pave- 
ment with  an  excess  of  water. 

Flux. — t  Bitumens,  generally  liquid,  used  in  combination  with  harder 
bitumens  for  the  purpose  of  softening  the  latter. 

Footway. — The  portion  of  the  highway  devoted  especially  to  pedes- 
trians.   A  sidewalk. 

Foundation. — The  portion  of  the  roadway  below  and  supporting  the 
crust  or  pavement. 

Artificial  Foundation. — That  layer  of  the  foundation  espe- 
cially placed  on  the  sub-grade  for  the  purpose  of  reinforcing  the 
supporting  power  of  the  latter  itself,  and  composed  of  material 
different  from  that  of  the  sub-grade  proper. 

Free  Carhon. — *  In  tars,  organic  matter  which  is  insoluble  in  carbon 
disulphide. 

Gas-House  Coal-Tar. — f  Coal-tar  produced  in  gas-house  retorts  in 
the  manufacture  of  illuminating  gas  from  bituminous  coal. 

Grade. — (1)  The  profile  of  the  center  of  the  roadway,  or  its  rate  of 
rise  or  fall.  (2)  Elevation.  (3)  To  establish  a  profile  by  cuts  and  fills 
or  earthwork.  (4)  To  arrange  by  sizes,  broken  stone,  gravel,  sand,  or 
combinations  of  such  materials. 

Gravel. — Small  stones  or  pebbles  usually  found  in  natural  deposits 
more  or  less  intermixed  with  sand,  clay,  etc.,  but  in  which  mixture  the 
particles  which  will  not  pass  a  10-mesh  sieve  predominate. 

Pea  Gravel. — Clean  gravel  the  particles  of  which  approximate 
peas  in  size. 
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Gnt. — Store  chips,  slag  chips,  or  small  gravel. 

Gutter. — The  artificially  surfaced  and  generally  shallow  waterway 
provided  usually  at  the  sides  of  the  roadway  for  carrying  surface  drain- 
age. Occasionally  used  synonymously  with  "ditch",  but  incorrectly  so, 
as  "gutters"  are  always  paved  or  otherwise  surfaced,  and  ditches  are  not. 

Haunches. — The  sides  or  flanks  of  a  roadway.  Sometimes  also 
called  "quarters." 

Highway. — The  entire  right  of  way  devoted  to  public  travel,  includ- 
ing the  sidewalks  and  other  public  spaces,  if  such  exist. 

Layer.— K  course  made  in  one  application. 

Loam. — Finely  divided  earthy  material  containing  a  considerable 
proportion  of  organic  matter. 

Macadam. — A  road  crust  composed  of  stone  or  similar  material 
broken  into  irregular  angular  fragments  compacted  together  so  as  to 
be  interlocked  and  mechanically  bound  to  the  utmost  possible  extent. 

Mastic. — A  mixture  of  bituminous  material  and  fine  mineral  matter 
suitably  made  for  use  in  highway  construction  and  for  application  in  a 
heated  condition. 

Mat.—^  See  "Carpet." 

Matrix. — *  The  binding  material  or  mixture  of  binding  material  and 
fine  aggregate  in  which  the  large  aggregate  is  embedded  or  held  in  place. 

MesJi.. — The  square  opening  of  a  sieve. 

Metal— See  "Road-Metal." 

Mortar. — A  mixture  of  fine  material  such  as  sand,  cement,  and  water 
or  other  liquid  suitably  proportioned  and  incorporated  together  for 
the  purpose  for  which  it  is  used. 

Normal  Temperature. — ^  As  applied  to  laboratory  observations  of 
the  physical  characteristics  of  bituminous  materials,  is  25°  cent.  (77° 
Fahr.). 

Oil-Gas  Tars. — *  Tars  produced  by  cracking  oil  vapors  at  high  tem- 
peratures in  the  manufacture  of  oil  gas. 

Palliative. — A  short-lived  dust  layer. 

Patching. — Repairing  or  restoring  small  isolated  areas  in  the  sur- 
face of  the  metaled  or  paved  portion  of  the  highway. 

Pavement. — The  wearing  course  of  the  roadway  or  footway,  when 
constructed  with  a  cement  or  bituminous  binder,  or  composed  of  blocks 
or  slabs,  together  with  any  cushion  or  "binder"  course. 

Penetration. — In  laboratory  investigations,  the  distance,  expressed 
in  hundredths  of  a  centimeter,  entered  a  sample  by  a  No.  2  cambric 
needle,  operated  in  a  machine  for  the  purpose,  and  under  known  con- 
ditions of  loading,  time,  and  temperature.  Where  the  conditions  of 
test  are  not  specifically  mentioned,  the  load,  time,  and  temperature  are 
understood  to  be  100  grammes,  5  sec,  and  25°  cent.   (77°  Fahr.),  re- 
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spoctively,  and  the  units  of  penetration  to  indicate  hundredths  of  a 
centimeter. 

Penetration  Method. — The  method  of  constructing  a  bituminous- 
macadam  pavement  by  pouring  or  grouting  the  bituminous  material 
into  the  upper  course  of  the  road  metal  before  the  binding  of  the  latter 
has  been  completed. 

Pitch. — t  Solid  residue  produced  in  the  evaporation  or  distillation 
of  bitumens,  the  term  being  usually  applied  to  residue  obtained 
from  tar. 

Hard  Pitch. — Pitch  showing  a  penetration  of  not  more  than 
ten. 

Soft  Pitch. — Pitch  showing  a  penetration  of  more  than  ten. 

Straigld-Run  Pitch. — %  A  pitch  run  in  the  initial  process 
of  distillation,  to  the  consistency  desired  without  subsequent 
fluxing. 

Pochet. — A  hole  or  depression  in  the  wearing  course. 

Pot-Hole. — A  hole  extending  below  the  wearing  course. 

Profile. — A  longitudinal  section  of  a  highway,  generally  taken  along 
the  center  line. 

Quarters. — The  four  sections  of  equal  width  which,  side  by  side, 
make  up  the  total  width  of  a  roadway. 

Raveling. — The  loosening  of  the  metal  composing  the  crust.' 

Refined  Tar. — f  A  tar  freed  from  water  by  evaporation  or  distilla- 
tion which  is  continued  until  the  residue  is  of  desired  consistency  or 
a  product  produced  by  fluxing  tar  residuum  with  tar  distillate. 

Renewals. — Extensive  repairs  over  practically  the  whole  surface  of 
the  metaled  or  paved  portion  of  the  highway. 

Repairs. — The  restoration  or  mending  of  a  considerable  amoiuit  of 
the  metaled  or  paved  portion  of  the  highway,  but  not  usually  of  a 
majority  of  the  surface  area.  More  extensive  than  "Patching"  but  less 
so  than  "Renewals." 

Resurfacing. — The  renewal  of  the  surface  of  the  crust  or  pavement. 

Road. — A  highway  outside  of  an  urban  district. 

Road-Bed. — The  natural  foundation  of  a  roadway. 

Road  Metal. — Broken  stone,  gravel,  slag,  or  similar  material  used 
in  road  and  pavement  construction  and  maintenance. 

Roadway. — That  portion  of  a  highway  particularly  devoted  to  the 
u.se  of  vehicles. 

Rock  Asphalt. — Sandstone  or  limestone  naturally  impregnated  with 
asphalt. 

Rock  Asphalt  Pavement. — A  wearing  course  composed  of  broken  or 
pulverized  rock  asphalt  with  or  without  the  addition  of  other  bituminous 
materials. 
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Sand. — Finely  divided  rock  detritus  the  particles  of  which  will  pass 
a  10-mcsh  and  be  retained  on  a  200-mesh  screen.    Also  see  "Gravel." 

Sand-Clay  Road. — A  roadway  composed  of  an  intimate  mixture  of 
sand  and  clay. 

Scarify. — To  loosen  and  disturb  superficially. 

Screen. — In  laboratory  work  an  apparatus,  in  which  the  apertures 
are  circular,  for  separating  sizes  of  material. 

Screenings. — Broken  rock  of  a  size  that  will  pass  through  a  J-  to 
|-in.  screen,  depending  on  the  character  of  the  stone. 

Seal  Coat. — A  final  superficial  application  of  bituminous  material 
during  construction  to  a  bituminous  pavement. 

Setting  Up. — As  applied  to  bituminous  material,  the  relative  quick 
change  which  takes  place  after  its  application  to  a  roadway,  indicated 
by  its  hardening  after  cooling  and  exposure  to  atmospheric  and  traffic 
conditions,  as  opposed  to  the  slower  changes  later  occurring  gradually 
and  almost  imperceptibly. 

Shaping. — Trimming  up  and  preparing  a  sub-grade  preparatory  to 
applying  the  first  course  of  the  road  metal  or  artificial  foundation. 

Sheet-Asphalt  Pavement. — One  having  a  wearing  course  composed 
of  asphalt  cement  and  sand  of  predetermined  grading,  with  or  without 
the  addition  of  fine  material,  incorporated  together  by  mixing  methods. 

Sheet  Pavement. — A  pavement  free  from  frequent  joints  such  as 
would  accompany  small  slabs  or  blocks,  and  which  has  an  appreciable 
thickness  (say,  in  excess  of  1  in.  on  the  average)  for  its  wearing  course. 

Shoulders. — The  portion  of  the  highway  between  the  edges  of  the 
road  metal  or  pavement  and  the  gutters,  slopes,  or  watercourses. 

Side  Drain. — See  "Drainage." 

Sidewalk. — The  portion   of  the  highway  reserved  for  pedestrians. 

Sieve. — In  laboratory  work  an  apparatus,  in  which  the  apertures  are 
square,  for  separating  sizes  of  material. 

Silt. — Naturally  deposited  fine  earthy  material,  which  will  pass  a 
200-mesh  sieve. 

Slag. — ^  Fused  or  partly  fused  compounds  of  silica  in  combination 
with  lime  or  other  bases,  resulting  in  secondary  products  from  the  re- 
duction of  metallic  ores. 

Spalls. — Fragments  broken  off  by  a  blow,  irregular  in  shape,  and 
of  sufficient  size  to  be  comparable  to  the  original  mass. 

Squegee. — A  tool  with  a  rubber  or  leather  edge  for  scraping  or  clean- 
ing hard  surfaces,  or  for  spreading  and  distributing  liquid  material 
over  and  into  the  superficial  interstices  of  roadways. 

Squegee  Coat. — An  application  by  means  of  the  squegee. 

Stone  Block  Pavement. — One  having  a  wearing  course  composed  of 
stone  blocks  quite  or  nearly  rectangular  in  shape. 
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Street. — A  hi{?h\vay  in  an  nrban  district. 

Suh-Grade. — The  upper  surface  of  the  native  foundation  on  which 
is  placed  the  road  metal  or  the  artificial  foundation,  in  case  the  latter 
is  provided. 

Superficial  Coat. — A  light  surface  coat. 

Surface  Coat.— See  "Carpet." 

Surface  Treatment. — Treating  the  finished  surface  of  a  roadway 
with  bituminous  material. 

Surfacing. — (1)  The  crust  or  pavement.  (2)  Constructing  a  crust 
or  pavement.  (3)  Finally  finishing  the  surface  of  a  roadway.  (4) 
Treating  the  surface  of  a  finished  roadway  with  a  bituminous  material. 

Tailings. — Stones  which  after  going  through  the  crusher  do  not  pass 
through  the  largest  openings  of  the  screens. 

Tar. — f  Bitumen  which  yields  pitch  upon  fractional  distillation  and 
which  is  produced  as  a  distillate  by  the  destructive  distillation  of  bitu- 
mens, pyro-bitumens,  or  organic  material. 

Telford. — Properly  an  artificial  foimdation  advocated  by  Thomas 
Telford  (1757-1820),  and  consisting  of  a  pavement  of  stone  about  8 
in.  thick,  laid  by  hand,  and  closely  packed  and  wedged  together.  The 
individual  stones  were  desired  to  be  about  16  sq.  in.  in  section,  and 
about  S  in.  in  length.  They  were  set  close  together  on  the  prepared 
sub-grade,  their  longest  dimension  vertical  and  on  their  larger  ends, 
their  interstices  chinked  with  smaller  stones,  and  the  whole  ranmied 
(or  rolled)  until  firm  and  unyielding. 

Telford  Macadam. — Macadam  with  an  artificial  foundation  of 
Telford. 

Under-Drain. — See  "Drainage." 

Up-Keep. — Maintenance. 

V-Drain. — See  "Drainage." 

Viscosity. — :j:  The  measure  of  the  resistance  to  flow  of  a  bituminous 
material,  usually  stated  as  the  time  of  flow  of  a  given  quantity  of  the 
material  through  a  given  orifice. 

Volatile. — Applied  to  those  fractions  of  bituminous  materials  which 
will  evaporate  at  climatic  temperatures. 

Water-Bound. — Bound  or  bonded  with  the  aid  of  water. 
Water-Gas  Tars. — *  Tars  produced  by  cracking  oil  vapors  at  high 
temperatures  in  the  manufacture  of  carburetted  water-gas. 

Wearing  Coat. — The  superficial  layer  of  the  crust  or  pavement  ex- 
posed to  traffic. 

Wearing  Course. — The  course  of  the  crust  or  pavement  exposed  to 
traffic. 

Wood  Bloch  Pavement. — One  having  a  wearing  course  composed  of 
wood  paving  blocks,  generally  rectangular  in  shape. 
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The  Committee  wishes  to  express  again  its  deep  appreciation  of  the 
assistance  rendered  it  by  the  Board  of  Direction  and  by  your  Secretary, 
Dr.  Chas.  Warren  Hunt,  as  well  as  by  members  of  the  Society,  and 
others. 

Very  respectfully. 

For  the  Special  Committee  on  Materials 
for  Road  Construction  and  on 
Standards  for  Their  Test  and  Use. 


Arthur  H.  Blanchard, 

Secretary. 


Committee  : 

W.  W.  Crosby,  Chairman, 
H.  K.  Bishop, 
A.  H.  Blanchard, 
A.  W.  Dean, 
N.  P.  Lewis, 

C.  J.   TiLDEN, 
G.  W.  TiLLSON. 

October  27th,  1917. 
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APPKNDIX     A 


F01U[  OF  RECOKl)  FOR  DATA  CONCERNING  THE  USE  OF 
IIKillWAY  MATERfALS 


(The  following  fi)rins  of  records  are  recommeudod  for  the  use  of 
Highway  Engineers.  They  cover  both  bituminous  and  non-bituminous 
materials.  Although  combined  in  a  single  table,  it  is  believed  that 
the  data  for  different  kinds  of  road  surfaces  can  advantageously  be 
placed  on  separate  sheets  or  cards  for  convenient  filing  and  reference.) 


Gener.\l  Information. 

State County Town  or  City 

Road  or  street Limits  of  improvement 

Length  of  improvement,  in  feet 

Width  of  crust  or  pavement,  in  feet  (average) 

Area  of  crust  or  pavement,  in  square  yards 

Kind  of  surface  and  foundation 

Percentage  of  grade,  maximum — per  cent. . .  .Minimum — per  cent. . 
Amount  of  crown,  maximum. .  .,  minimum. .  .,  Nature  of  sub-grade. 

Maximum  and  minimum  air  temperature  during  ye^ir 

Hours  of  working  day Labor  wage  per  hour 

Contractor    

Dates  of  beginning  and  completion  of  improvement 

Class  of  highway  or  nature  of  traffic 


Traffic  Census  for Hours,  Being  the  Avera(;e  of  . 

Observations  Taken  Between  the  Hours  of and. 

ON 

Location  of  Point  of  Observation 


Commercial  Vehicles. 

Empty. 

Loaded. 

Eptimate 
(in  pounds) 
of  maximum 

load  per 
inch  of  tire. 

Passenger 
vehicles. 

One-horse  vehicles 

Two  or  three-horse  vehicles 

Four  or  more  horse  vehicles 

Motor  cycles 

"       runabouts 

"      touring  cars  (open  or  closed). 
"      busses 

"       trucks 
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Construction  and  Cost  Details. 
A . — Foundation. 

1.  Material   

2.  Thickness 

3.  Cost  per  square  yard 

4.  Estimated  life,  in  years 


B. — Wearing  Course. 

1.  Material   

2.  Thickness 

3.  Size  of  block  or  brick 

4.  Kind  and  amount  of  bituminous  cement 

5.  Kind  of  joint 

6.  Proportions  of   aggregate 

7.  Cushion  or  binder  course 

8.  First  cost  per  square  yard 

9.  Life,  in  years 

10.  Average  annual  maintenance  cost  per  square  yard  during  life  of 

wearing  course    

C— Traffic  Data. 

1.  Tons  per  year  (2  000  lb.) 

2.  Average  tons  per  yard  of  width 

3.  Proportion  of  tonnage  on  metal  tires 

4.  "  "    C-3  on  tires  2  in.  or  less  in  width 


Items  of  Cost  for  Each  Square  Yard. 


Materials 

Labor 

Superintendence 

Overhead,  including  interest  on  plant, 
depreciation,  etc 


Foundation 

Wearing  Course 

1 

Data  Per  Square  Yard. 

A-d. — First  cost  of  foundation 

A-5. — Annual  interest  and  sinking  fund  for  foundation.... 

A-Q. — Total  annual  cost  of  foimdation 

B-10. — Annual  maintenance  cost  of  wearing  course 

-B-11. — Annual  interest  and  sinking  fund  fgr  wearing  course. 
B-12. — Total  annual  cost  of  wearing  course 


Yearly  cost  per  1  000  tons  of  traffic  =  ^— 1  000  = 

(The  following  data  or  such  parts  as  apply  to  a  particular  road  or 
street  could  be  incorporated  on  the  sheet  or  card  containing  the  data 
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immediately  preceding,  or  could  be  placed  on  a  separate  sheet  or  card 
containing  the  results  of  tests  and  analyses.) 

Broken  Stone  and  BroTcen  Slag. 

Name  and  origin 

Specific  gravity 

Absorption  of  water  per  cubic  foot 

Abrasion,  percentage  of  loss 

Toughness 

Cementation 

Crushing  strength  per  square  inch 

Mechanical  analysis (Use  table  under  this  title) 

Voids,  percentage  of,  loose  and  compacted 

Gravel. 

Location    

Specific  gravity 

Abrasion,  percentage  of  loss 

Cementation 

Mechanical  analysis (Use  table  under  this  title) 

Voids,  percentage  of,  loose  and  compacted.      

Sand. 

Location    

Specific  gravity 

^fechanical  analysis (Use  table  under  this  title) 

Voids,  percentage  of,  loose  and  compacted 

Tensile  strength  in  cement  briquettes,  as 

compared  with  standard  Ottawa  sand 

Mixtures  of  Sand  or  Other  Fine  Highway  Materials 
with  Broken  Stone,  Broken  Slag,  or  Gravel. 

Specific  gravity 

Mechanical  analysis (Use  table  under  this  title) 

Voids,  percentage  of,  loose  and  compacted 

Paving  Brick. 

Comjyosition 

Xame  of  manufacturer 

Rattler  test,  percentage  of  loss 

Stone  Block. 

Name  and  origin 

Specific  gravity 

Absorption  of  water  per  cubic  foot 

Abrasion,  percentage  of  loss 

Toughness 

Hardness 

Crushing  strength  per  square  inch 
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Character  of  wood 

Weight  of  blocks 

Soundness  .....' 

Rings  per  radial  inch 

Quantity  of  preservative 

Absorption  of  water  after  treatment 

Character  of  preservative : 

Specific  gravity  at  25°  cent.  (77°  Fahr.)  . 
Specific  gravity  at  38°  cent.  (100°  Fahr.) 

Solubility  in  benzol  or  chloroform 

Water  content 

Distillation : 

Up  to  170°  cent 

170^  to  200°   cent 

200°   to  210°   cent 

210°   to  235°   cent 

235°  to  270°   cent 

270°   to  300°   cent 

300°  to  315°   cent 

315°   to  355°   cent 

Mechanical  Analysis. 
Passing  200-mesh  sieve, 


Percentages  by 
weight. 
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rorlland  Cement. 

Loss  on  ignition,  percentage 

Insoluble  residue,  percentage 

Specific  gravity 

Retained  on  200-mesh  sieve,  percentage 

Retained  on  100-mesh  sieve,  percentage 

Steam   test 

Initial   set,   time,   in   minutes 

Final  set,  time,  in  minutes 

Tensile  strength,  neat,  2-i  hours 

Tensile  strength,  neat,  7  days 

Tensile  strength,  1 :  3  Ottawa  sand,  7  days 

Tensile  strength,  1 :  3  Ottawa  sand,  28  days     

Compressive  strength,  per  square  inch 

Constancy  of  volume 


Bituminous  Materials. 

The  following  forms  are  given  as  illustrations  of  those  to  be  used 
for  recording  the  properties  of  bituminous  materials. 

Asphalt  Cements  for  Bituminous  Macadam,  Bituminous  Concrete, 

Asphalt  Block  and  Sheet-Asphalt  Pavements  and 

Fillers  for  Brick  and  Stone  Block  Pavements. 

Trade  name 

Manufacturer 

General  characteristics 

Specific  gravity  at  25°  cent.  (77°  Fahr.) 

Flash  point 

Solubility  in  CS.,  (carbon  disulphide) 

Organic  matter  insoluble 

Inorganic  matter  insoluble 

Solubility  of  bitumen  in  CCl^  (carbon  tetrachloride) 

Solubility  of  bitumen  in  petroleum  naphtha 

Penetration    4°  cent.  (  39°  Fahr.),  200  grammes,  1  min 

Penetration  25°  cent.  (  77°  Fahr.),  100  grammes,  5  sec 

Penetration  46°  cent.  (115°  Fahr.),    50  grammes,  5  sec 

Float  test 

Melting  point  by  ring  and  ball  method 

Ductility  at    4°  cent.  (39°  Fahr.) 

Ductility  at  25°  cent.  (77°  Fahr.) 

Fixed  carbon  content 

Paraffin    content 

Loss  on  evaporation  at  163°  cent.  (325°  Fahr.),  5  hours 

Penetration  of  residue    4°  cent.  (  39°  Fahr.),  200  grammes,  1  min.  . . 

Penetration  of  residue  25°  cent.  (  77°  Fahr.),  100  grammes.  5  sec.  . .  . 
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Penetration  of  residue  4G°  cent.  (115°  Fahr.),  50  grammes,  5  sec 

Melting  point  of  residue,  by  ring  and  ball  method 

Float  test  on  residue 

Ductility  of  residue  at    4°  cent.  (39°  Fahr.) 
Ductility  of  residue  at  25°  cent.  (77°  Fahr.) 

Tar  Cements  for  Bituminous  Macadam 

and  Bituminous  Concrete  Pavements  and  Fillers 

for  Bride  and  Stone  Block  Pavements. 

Trade  name 

Manufacturer 

General  characteristics 

Water 

Specific  gravity  at  25°  cent.  (77°  Fahr.) 

Flash  point 

Solubility  in  CS„  (carbon  disulphide) 

Specific  viscosity,  Engler 

Melting  point,  by  cube  method 

Float  test 

Distillation  by  weight  and  by  volume 

Up    to  110°  cent 

110°  to  170°  cent 

170°  to  235°  cent ; 

235°  to  270°  cent 

270°  to  300°  cent 

Specific  gravity  of  total  distillate  at  25°  cent.  (77°  Fahr.) 

Melting  point  of  residue,  by  cube  method 

Float  test  on  residue 
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APPENDIX     B 


TESTS  OF  NON-BITUMINOUS  MATEKIALS. 

It  is  rccommeuded  that  the  lullowing  methods  for  performing  tests 
of  non-bituminous  materials  be  adopted  as  standards: 

Specific  Gravity  of  Coarse  Aggregates.* 

The  apparent  specific  gravity  shall  be  determined  in  the  following 
manner : 

The  sample,  weighing  1  000  grammes  and  composed  of  pieces  ap- 
proximately cubical  or  spherical  in  shape  and  retained  on  a  screen 
having  1.27-cm.  (^-in.)  circular  openings,  shall  be  dried  to  constant 
weight  at  a  temperature  between  100  and  110°  cent.  (212  and  230° 
Fahr.),  cooled,  and  weighed  to  the  nearest  0.5  gramme.  Record  this 
weight  as  weight  A.  In  the  case  of  homogeneous  material,  the  smallest 
particles  in  the  sample  may  be  retained  on  a  screen  having  1^-in. 
circular  openings. 

Immerse  the  sample  in  water  for  24  hours,  surface-dry  individual 
pieces  with  aid  of  a  towel  or  blotting  paper,  and  weigh.  Record  this 
weight  as  weight  B.  , 

Place  the  sample  in  a  wire  basket  of  approximately  ;i-in.  mesh,  and 
gbout  12.7  cm.  (5  in.)  square  and  10.3  cm.  (4  in.)  deep,  suspend  in 
watert  from  center  of  scale  pan,  and  weigh.  Record  the  difference 
between  this  weight  and  the  weight  of  the  empty  basket  suspended  in 
water  as  weight  C.     (Weight  of  saturated  sample  immersed  in  water.) 

The  apparent  specific  gravity  shall  be  calculated  by  dividing  the 
weight  of  the  dry  sample  (A)  by  the  difference  between  the  weights 
of  the  saturated  sample  in  air  (B)  and  in  water  (C),  as  follows: 

A 

Apparent  specific  gravity  = 


B  —  C 

Attention  is  called  to  the  distinction  between  apparent  specific 
gravity  and  true  specific  gravity.  Apparent  specific  gravity  includes 
the  voids  in  the  specimen,  and  is,  therefore,  always  less  than  or  equal 
to,  but  never  greater  than,  the  true  specific  gravity  of  the  material. 

Apparent  Specific  Gravity 
OF  Sand,  Stone  Screenings,  or  Other  Fine  Highway  Material. 

Apparatus. — The  determination  shall  be  made  with  a  Jackson  spe- 
cific gravity  apparatus  which  shall  consist  of  a  burette,  with  gradua- 
tions reading  to  0.01  in  specific  gravity,  about  23  cm.  (9  in.)  long  and 

•  Proposed  in  1917  by  Committee  D-4,  "Standard  Tests  for  Road  Materials",  of 
the  Am.  Soc.  for  Testing  Materials. 

t  Thp  basket  may  be  conveniently  suspended  by  a  fine  wire  hung  from  a  hook 
shaped  in  the  form  of  a  question  mark  with  the  top  end  resting  on  the  center  of  the 
scale  pan. 
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0-^  -'t^^trire  of  110'  C      .                        "                 -i 

ir  -     ^^v- i.  th 


::id  in  »rat-er  of  another  sampie 


"spt^-^t^  a-:  ■•-■>;  tempeirafrre 

of  i.5 '  '"'    " '  :-  -  - -  :  -  -'  -_.— z.  _ :  _ : zirs  in  distilled 
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water  mamtained  as  nearly  as  practicable  at  25'  C.  (77'  F.),  at  the 
termination  of  which  time  bring  the  water  to  exacdy  this  temperature 
and  weigh  the  sample  while  inunersed  in  it;  sixth,  the  number  of 
pounds  of  water  absorbed  per  cubic  foot  of  the  sample  shall  be  calcu- 
lated by  the  following  formula: 

W, W 

Pounds  of  watrr  absor'ijt-il  ner  cubic  foot  =;  — | ■. — ^  X  <52.24. 

in  whicn  U  =  the  v%-e:gn:  m  grammes  of  sample  in  air.  If,  =  the 
weight  in  grammes  of  sample  in  water  just  after  icaiQersion,  W,  =^  the 
weight  in  grammes  of  sample  in  water  after  4S  hi'irs  imiiiersion,  and 
Q2.24:  =  the  weight  in  pounds  of  a  cubic  foot  of  distillei  — a:er  having 
a  temperature  of  25'  C.  (77"  F.). 

"Finally,  the  absorption  of  water  per  cubic  foot  of  the  rock,  in 
poimds,  shall  be  the  average  of  three  determinations  made  on  three 
different  samples  according  to  the  method  above  deaeribed." 

Abrasion  Test  foe  Brokt.x  Stoxb  or  Broses  Slag.* 

"The  machine  ^lall  consist  of  one  or  nK>re  hollow  iron  oylindas; 
closed  at  one  end  and  furnished  with  a  tightly  ntdng  iron  cover  at  the 
other;  the  cylinders  to  be  20  cm.  [IJiT  in.]  in  rKanirt^tr  and  34  can. 
[13.36  in.]  in  depth  inside.  These  cylind^s  are  to  be  mounted  on  a. 
shaft  at  an  angle  of  30'  with  the  axis  of  rotation  of  the  shaft. 

~At  least  [13.6  kg.]  30  lb.  of  coarsely  brokezi  stone  shall  be  avail- 
able for  a  test-  The  rock  to  be  tested  i^iaD  be  broken  in  pieces  as 
nearly  uniform  in  size  as  possible,  and  as  nearly  50  pieces  as  poeeiUe 
shall  constitute  a  test  sample.  The  total  veierht  cdt  rock  in  a  test 
shall  be  within  10  grammes  of  5  kilogras::     -  I-    AH  test  pisses 

shall  be  washed  and  thoroughly  dried  l-  _•.     10 «»!)  rerohi- 

tions,  at  the  rate  of  between  30  anc  nsutote 

a   test.     Only  the  peroaatage  of  n         .    — III  p*ss 

through  a  0.16  em.  (.1-16  inch)  Eic=^  sicve  ^r.^..  be  <x,:^3gxed  in 
determining  the  amount  of  wear.    *    *    *~ 

Xote. — As  tests  to  '  -  :  srravd^  are  in  an 

esf tridental   -'   _      '  dio^  whidi 

have  been  us--  _  -    -  _       r  rsolts  ob- 

tained, the  Comminee  advises  staring  tr.  .  used. 

Method  y-    ■  -  ""-^  test  for  abri-    •        -  -  - -■    --^  _.  -  :    _  . 

Deval  abrasi  -le,     (.See  ~A 

Bn>k«i  Slag."^, 

A  charge  of  gr3-?l  sb?J!  'r:'~s:st  of  pieces  wt: 
having  circular  c  -  ~  -  in.)  in  diameter 

on   a  screen  hivu-_    -:      -' — :-^  1.27  etn_   fj  _.  . 

The  total  weight  of  gravel  in  a  charge  shall  be  within  1     _  ^  of 

5  kg.  »11.'>2  'b.'».     The  gravel  w  -  -ai 

•  Veci.-c  i.i:7:£'i  .r  lie  -Aaa.  Sec  fj?  7  - 
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and  di'ied  in  a  closed  oven  for  1  hour  at  a  temperature  within  5°  of 
110°  cent.  (230°  Fahr.).  The  charge  of  gravel  shall  be  placed  in  one 
cj'linder  of  the  machine,  which  shall  be  rotated  at  a  rate  of  not  less 
than  30  nor  more  than  33  rev.  per  min.  Ten  thousand  revolutions 
shall  constitute  a  test.  The  percentage  of  material  worn  off  which 
will  pass  through  a  sieve  having  openings  of  0.1(5  cm.  (y\r  in.)  shall 
be  considered  the  amount  of  wear  of  the  charge  of  gravel.  The  loss 
by  abrasion,  determined  as  stated,  shall  be  expressed  in  terms  of  the 
percentage  of  the  total  weight  of  the  charge  of  gravel. 

Method  No.  %* — The  aggregate  is  first  screened  through  screens 
liaving  circular  openings  2  in.,  1  in.,  and  \  in.  in  diameter.  The 
sizes  used  for  this  test  are  divided  equally  between  those  passing  the 
2-in.  and  retained  on  the  1-in.  screen,  and  those  passing  the  1-in.  and 
retained  on  the  ^-in.  screen.  The  material  of  these  sizes  is  washed  and 
dried.  The  following  weights  of  the  dried  stone  are  then  taken :  2  500 
grammes  of  the  size  passing  the  2-in.  and  retained  on  the  1-in.  screen, 
and  2  500  grammes  of  the  size  passing  the  1-in.  and  retained  on  the 
J-in.  screen.  This  material  is  placed  in  the  cast-iron  cylinder  of  the 
Deval  machine,  as  specified  for  the  standard  abrasion  on  stone.  Briefly 
described,  this  machine  consists  of  a  frame  and  two  or  more  cylinders 
mounted  at  an  angle  of  30°  with  the  axis  of  rotation.  The  cylinders 
are  20  cm.  in  diameter  and  34  cm.  deep,  inside  dimensions.  Six  cast- 
iron  spheres,  1.875  in.  in  diameter  and  weighing  approximately  0.95  lb. 
(0.45  kg.)  each,  are  placed  in  the  cylinder  as  an  abrasive  charge.  (The 
iron  composing  these  spheres  is  the  same  as  that  used  for  the  spheres 
in  the  Standard  Paving  Brick  Rattler  Test.)  After  the  cast-iron 
spheres  have  been  placed  in  the  cylinder  the  lid  is  bolted  on  and  the 
cylinder  is  mounted  in  the  frame  of  the  Deval  machine.  The  duration 
of  the  test  and  the  rate  of  rotation  are  the  same  as  specified  for  the 
standard  test  for  stone,  namely,  10  000  revolutions  at  a  rate  of  from 
30  to  33  rev.  per  min.  At  the  completion  of  the  test  the  material  is 
taken  out  and  screened  through  a  16-mesh  sieve.  The  material  retained 
on  the  sieve  is  washed  and  dried  and  the  percentage  of  loss  by  abrasion 
of  the  material  passing  the  16-mesh  sieve  is  calculated.  When  the 
material  has  a  specific  gravity  of  less  than  2.20,  a  total  weight  of  4  000 
grammes,  instead  of  5  000  grammes,  shall  be  used  in  the  abrasion  test. 

Toughness  Test  for  Eock  or  SLAc.f 
Definition. — Toughness,  as  applied  to  rock,  is  the  resistance  offered 
to  fracture  under  impact,  expressed  as  the  final  height  of  blow  required 
of  a  standard  hammer  to  cause  fracture  of  a  cylindrical  test  specimen 
of  given  dimensions. 

*  Proposed  by  the  First  Conference  of  State  Highway  Testing  Engineers  and 
Chemists  held  at  the  U.  S.  Office  of  Public  Roads  in  February,  1917. 

t  Proposed  in  1917  by  Committee  I>-4,  "Standard  Tests  for  Road  Materials",  of 
the  Am.  Soc.  for  Testing  Materials. 
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Sampling. — Quarry  samples  of  rock  from  which  test  specimens  are 
to  be  prepared  shall  measure  at  least  G  in.  on  a  side  and  at  least  4  in.  in 
thickness,  and,  when  ])ossible,  shall  have  the  plane  of  structural  weak- 
ness* of  the  rock  i)lainl,v  niarkcHl  thereon.  Samples  should  be  taken 
from  freshly  quarried  material,  and  only  from  pieces  which  show  no 
evidences  of  incipient  fracture  due  to  blasting  or  other  causes.  The 
samples  should  preferably  be  split  from  large  pieces  by  the  use  of  plugs 
and  feathers,  and  not  by  sledging.  Commercial  stone-block  samples 
from  which  test  specimens  are  to  be  prepared  shall  measure  at  least 
3  in.  on  each  edge. 

Size  and  Form  of  Test  Specimen. — Specimens  for  test  shall  be 
cylinders  prepared  as  described  in  the  next  paragraph,  25  mm.  in  height 
and  from  24  to  25  mm.  in  diameter.  Three  test  specimens  shall  con- 
stitute a  test  set.  The  ends  of  the  specimens  shall  be  plane  surfaces  at 
right  angles  to  the  axis  of  the  cylinder. 

Preparation  of  Test  Specimens. — One  set  of  specimens  shall  be 
drilled  perpendicular  and  another  parallel  to  the  plane  of  structural 
weakness  of  the  rock,  if  such  plane  is  apparent.  If  a  plane  of  structural 
weakness  is  not  apparent,  one  set  of  specimens  shall  be  drilled  at  ran- 
dom. Specimens  shall  be  drilled  in  a  manner  which  will  not  subject 
the  material  to  undue  stresses  and  will  insure  the  specified  diraensions.f 
The  ends  of  the  cylinders  may  be  sawed  with  a  band  or  diamond  saw,:}: 
or  in  any  other  way  which  will  not  induce  incipient  fracture,  but  shall 
not  be  chipped  or  broken  off  with  a  hammer.  After  sawing,  the  ends 
of  the  specimens  shall  be  ground  plane  with  carborundum  or  emery  on 
a  cast-iron  lap  imtil  the  cylinders  are  24  mm.  in  length. 

Impact  Machine. — Any  form  of  impact  machine  which  will  comply 
with  the  following  essentials  may  be  used  in  making  the  test :  A  cast- 
iron  anvil  weighing  not  less  than  50  kg.,  firmly  fixed  on  a  solid  founda- 
tion ;  a  hammer  weighing  2  kg.,  arranged  so  as  to  fall  freely  between 
suitable  guides ;  a  plunger  made  of  hardened  steel,  and  weighing  1  kg., 
arranged  to  slide  freely  in  a  vertical  direction  in  a  sleeve,  the  lower  end 
of  the  plunger  being  spherical  in  shape,  with  a  radius  of  1  cm. ;  means 
for  raising  the  hammer  and  for  dropping  it  on  the  plunger  from  any 
specified  height  from  1  to  not  less  than  75  cm.,  and  means  for 
determining  the  height  of  fall  to  approximately  1  mm.;  means  for 
holding  the  cylindrical  test  specimen  securely  on  the  anvil  mthout 
rigid  lateral  support,  and  under  the  plunger  in  such  a  way  that  the 
center  of  its  upper  surface,  throughout  the  test,  shall  be  tangent  to  the 
spherical  end  of  the  plunger  at  its  lowest  point. 

•  The  plane  of  structural  weakness,  in  certain  cases,  may  be  the  rift,  cleavage,  or 
bedding  plane. 

t  The  form  of  diamond  drill  described  in  Bulletin  No.  SJi7,  V.  S.  Department  of 
Agriculture,  pp.  6-7.  is  recommended,  and  should  prove  satisfactory,  if  the  instruc- 
tions are  strictly  followed. 

t  A  satisfactory  form  of  diamond  saw  is  described  in  Bulletin  No.  3^7,  U.  S. 
Department  of  Agriculture,  pp.  7-9. 
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Method  of  Testing. — The  test  shall  consist  of  a  1-cm.  fall  of  the 
hammer  for  the  first  blow,  a  2-cm.  fall  for  the  second  blow,  and  an 
increase  of  1-cni.  fall  for  each  succeeding  blow,  until  failure  of  the  test 
specimen  occurs. 

Recording  and  Reporting  Results. — The  height  of  the  blow,  in  centi- 
meters, at  failure  shall  be  the  toughness  of  the  test  specimen.  The 
individual  and  the  average  toughness  of  three  test  specimens  shall  be 
reported  when  no  plane  of  structural  weakness  is  apparent.  In  cases 
where  a  plane  of  striictural  weakness  is  apparent,  the  individual  and 
average  toughness  of  the  three  specimens  in  each  set  shall  be  reported 
and  identified.  Any  peculiar  condition  of  a  test  specimen  which  might 
affect  the  result,  such  as  the  presence  of  seams,  fissures,  etc.,  shall  be 
noted  and  recorded  with  the  test  result. 

Hardness  Test  for  E«ck  or  Slag. 

The  test  for  hardness  shall  be  made  with  a  "Dorry",  or  similar 
machine,  consisting  of  a  revolving  disk  on  which  is  fed,  at  a  uniform 
rate,  a  standard  quartz  sand  passing  a  30-  and  retained  on  a  40-mesh 
sieve.  Two  cores,  each  25  mm.  (0.98  in.)  in  diameter,  shall  be  cut 
from  the  material  to  be  tested,  and  their  faces  ground  off  so  as  to  be 
at  right  angles  to  the  long  axes  of  the  cores.  The  cores  shall  be 
placed  in  the  holders  or  dies  and  weighted  so  that  the  entire  weight 
of  each  core  with  its  holder  and  added  weight  is  1  250  grammes.  Each 
core  shall  be  ground  in  the  machine  on  one  face  for  1  000  revolutions, 
after  which  it  shall  be  reversed  and  ground  on  the  other  face  for  an 
equal  number  of  revolutions.  The  loss  of  weight  of  each  specimen 
shall  be  determined  at  the  end  of  each  1 000  revolutions,  and  the 
average  loss  in  weight  shall  be  used  for  stating  the  hardness  of  the 
material,  which  latter  shall  be  expressed  by  the  formula:  Hard- 
ness =  20  —  J  W,  where  IF  equals  the  average  loss,  in  grammes  per 
1  000  revolutions. 

Cementation  of  Rock,  Slag,  and  Gravel  Powders. 

The  cementation  test  shall  be  made  as  follows:  Of  the  material 
to  be  tested,  500  grammes  shall  be  broken  to  pass  a  1.27-cm.  (^-in.) 
mesh  sieve  and  then  placed  in  a  ball  mill  with  90  c.c.  (3.04  oz.) 
of  water  and  two  steel  shot  weighing  together  9  kg.  (20  lb.).  The 
mill  and  its  charge  shall  be  revolved  for  2^  hours  at  a  rate  of  2  000 
rev.  per  hour.  The  dough  thus  formed  shall  then  be  removed,  and 
25  grammes  of  an  average  sample  of  it  shall  be  placed  in  a  metal 
die,  25  mm.  (0.98  in.)  in  diameter,  and  subjected  to  a  pressure  of 
132  kg.  per  sq.  cm.  for  an  instant  in  a  hydraulic  press.  The  cylindrical 
briquette  resulting  should  measure  exactly  25  mm.  (0.98  in.)  in  height. 
If  it  does  not,  subsequent  samples  of  the  dough  shall  be  taken  in  such 
quantity  that  the  resulting  briquette  after  compression  will  be  exactly 
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25  mm.  (0.98  in.)  in  liei<ilit.  Five  sucli  briquettes  shall  be  made  and 
allowed  to  dry  in  the  air  for  a  period  of  2U  hours,  after  which  they 
shall  Ik;  heated  for  4  lK)urs  in  a  hot-air  oven  at  a  temperature  of  93.3° 
cent.  (200'^  Fahr.),  and  then  cooled  in  a  desiccator  for  20  min.  These 
cylinders  or  briquettes  shall  then  be  tested  in  a  machine,  as  follows: 

The  machine  shall  be  arranged  so  that  a  1-kg.  (2.20-lb.)  hammer  is 
raised  to  a  height  of  1  cm.  (0.39  in.)  and  then  falls  freely  on  a  plunger 
transmitting  the  shock  of  the  blows  of  the  hammer  through  the 
plunger  to  the  test  piece,  successive  blows  being  struck  by  the  hammer 
at  a  rate  of  40  to  70  per  min.,  until  the  test  piece  fails,  which  is  indi- 
cated by  the  failure  of  the  plunger  or  hammer  to  rebound.  The  test 
piece  shall  be  placed  on  the  anvil  under  the  plunger  without  lateral 
support,  and  may  be  fastened  in  place  on  the  anvil  by  a  drop  of  shellac. 
The  average  of  the  number  of  blows  on  the  five  briquettes,  required 
to  produce  failure  in  each  case,  is  the  result  to  be  reported,  and  is  the 
"coefficient  of  cementation." 

Crushing  Strencith  of  Eock  or  Slag. 
Cylinders  shall  be  cut  from  a  suitable  block  of  the  material  to  be 
tested,  each  of  which  cylinders  shall  be,  as  nearly  as  practicable,  5  cm. 
(2  in.)  in  diameter  and  10  cm.  (4  in.)  in  length.  After  cutting,  the 
dimensions  of  each  cylinder  shall  be  accurately  measured  and  recorded. 
Each  cylinder  shall  then  be  subjected  to  compression,  and  the  ultimate 
stress  at  which  its  failure  occurs  shall  be  noted.  This  stress  divided 
by  the  average  area  in  cross-section  of  the  cylinder  in  square  inches 
shall  be  reported.  It  is  desirable  that  the  test  of  the  material  shall 
be  made  on  at  least  three  such  cylinders  separately,  and  the  average 
of  the  three  or  more  specimens  shall  be  taken  as  the  average  resistance 
to  crushing  of  the  material.  In  making  the  test,  the  cylinder  shall 
be  fixed  in  the  testing  machine  so  as  to  be  unsupported  on  its  sides 
and  rest  squarely  on  its  ends,  and  the  compressive  stress  shall  be 
applied  cumulatively.  The  ends  of  the  cylinder  shall  be  at  right  angles 
to  its  long  axis,  and  the  blocks  or  pieces  of  the  machine  in  contact 
with  the  ends  of  the  cylinder  and  through  which  the  pressure  is  trans- 
mitted shall  have  such  position  and  freedom  of  movement  in  the  ma- 
chine as  will  insure  the  application  of  the  stress  directly  along  or 
parallel  to  the  long  axis  of  the  cylinder. 

Mechanical  Analysis  of  Broken  Stone,  Broken  Slag,  or  Gravel.* 
The  method  shall  consist  of,  first,  drying  at  not  more  than  110° 
cent.  (230°  Fahr.),  to  a  constant  weight,  a  sample  weighing  in  pounds 
six  times  the  diameter  in  inches  of  the  largest  holes  required;  second, 
passing  the  sample  through  such  of  the  following  sized  screens  having 
circular  openings  as  are  required  or  called  for  by  the  specification, 
the  screens  to  be  used  in  the  order  named:  8.89  cm.  (3|  in.),  7.62  cm. 
*  Method  adopted  in  1916  by  the  Am.  Soc.  for  Testing  Materials. 
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(3  in.),  6.35  cm.  (2i  in.),  5.08. cm.  (2  in.),  3.81  cm.  (IJ  in.),  3.18  cm. 
(U  in.),  2.54  cm.  (1  in.),  1.90  cm.  (|  in.),  1.27  cm.  (J  in.),  and 
0.64  cm.  a  in.) ;  third,  determining  the  percentage  by  weight  retained 
on  each  screen;  fourth,  recording  the  mechanical  analysis  in  the 
following  manner: 

Percentage  passing  0.64-cm.   (|-in.)   screen ^ 

Percentage  passing  1.27-cm.   (J-in.)   screen  and  retained  on 

0.64-cm.    (i-in.)    screen = 

Percentage  passing  1.90-cm.    (|-in.)   screen  and  retained  on 

1.27-cm.  (i-in.)  screen = 

Percentage  passing  2.54-cm.    (1-in.)    screen  and  retained  on 

1.90-cm.    (f-in.)    screen = 

100.00 

Mechanical  Analysis  of  Sand  or  Other  Fine  Highway  Material. 

The  method  shall  consist  of:    First,  drying  at  not  more  than  110° 

cent.  (230°  Fahr.)  to  k  constant  weight  a  sample  weighing  50  grammes; 

second,  passing  the  sample  through  each  of  the  following  mesh  sieves, 

the  sieves  to  be  used  in  the  order  named: 

Meshes  per  linear  , Diameter  of  Wire , 

inch  (2.54  cm.).  Inches.  Millimeters. 

10. 0.027  0.6858 

20 0.0165  0.4191 

30 , 0.01375  0.34925 

40 0.01025  0.26035 

50 0.009  0.22865 

80 0.00575  0.1460 

100 0.0045  0.1143 

200 0.00235  0.05969 

third,  determining  the  percentage  by  weight  retained  on  each  sieve, 
the  sifting  being  continued  on  each  sieve  until  less  than  1%  of  the 
weight  retained  on  each  sieve  shall  pass  through  the  sieve  during  the 
last  minute  of  sifting;  fourth,  recording  the  mechanical  analysis  in 
the  following  manner: 

Percentage  passing  200-mesh  sieve = 

Percentage  passing  100-mesh  sieve  and  retained  on  200-mesh 

sieve    = 

Percentage  passing  80-mesh  sieve  and  retained  on  100-mesh 

sieve    = 

Percentage  passing  50-mesh  sieve  and  retained  on  80-mesh 

sieve    = 


100.00 
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Meciiaxical  Analysis  of  Mixtures  of  Sand  or  Other  Fine  IIicuway 
Material  with  Broken  Stone,  Broken  Slag,  or  Gravel. 

The  method  shall  consist  of:  First,  drying  at  not  more  than  110° 
cent.  (230°  Fahr.)  to  a  constant  weight,  a  sample  weighing  in  pounds 
six  times  the  diameter  in  inches  of  the  largest  holes  required;  second, 
separating  the  sample  by  the  use  of  a  10-mcsh  sieve  (American  Society 
for  Testing  ^Materials  standard  sieve)  ;  third,  examining  the  portion 
retained  on  the  lO-mesh  sieve  in  accordance  with  the  method  for  making 
a  "Mechanical  Analysis  of  B«>ken  Stone,  Broken  Slag,  or  Gravel"; 
fourth,  examining  the  portion  passing  the  10-mesh  sieve  in  accordance 
with  the  method  for  making  a  "Mechanical  Analysis  of  Sand  or  Other 
Fine  Highway  Material";  fifth,  recording  the  mechanical  analysis  in 
the  following  manner: 

Percentage  passing  200-mesh  sieve = 

Percentage  passing  100-mesh  sieve  and  retained  on  200-mesh 

sieve    = 

Percentage  passing  80-mesh  sieve  and  retained  on  100-mesh 

sieve    = 

Percentage  passing  10-mcsh  sieve  and  retained  on  20-mesh 

sieve    = 

Percentage  passing  0.64-cm.   (^-in.)   screen  and  retained  on 

10-mesh    sieve = 

Percentage  passing  1.27-cm.   (J-in.)   screen  and  retained  on 

0.64-cm.    (i-in.)    screen = 

Percentage  passing  1.90-cm.   (|-in.)   screen  and  retained  on 

1.27-cm.    ( J-in.)    screen = 

=  100.00 

Voids  in  Mineral  Aggregates.* 

"The  voids  in  mineral  aggregates  shall  be  determined  by  the  Cone 
Specific  Gravity  Method.  In  the  method  of  making  the  determination 
of  voids,  as  hereinafter  described,  there  shall  be  used  a  truncated 
cone  made  of  No.  18,  B.  &  S. -gauge  galvanized  steel  with  caulked  seams, 
and  having  the  following  dimensions:  over-all  diameter  of  bottom,  25.4 
cm.  (10  in.) ;  over-all  height,  25.4  cm.  (10  in.)  ;  inside  diameter  of 
opening,  7.6  cm.  (3  in.).  The  test  shall  be  made  in  the  following  man- 
ner :  First,  thoroughly  mix  the  aggregate  by  rolling  on  paper ;  second, 
fill  the  cone  with  aggregates,  avoiding  segregation ;  third,  compact 
aggregate  in  cone  by  oscillation  on  edge  of  cone  resting  on  wooden 
floor,  wooden  box,  or  block  of  wood,  and  use  cotton  waste  pressed 
against  surface  of  aggregate  to  prevent  segregation  during  oscillation; 

•  Proposed  in  1915  by  Committee  D-4,  "Standard  Tests  for  Road  Materials",  of 
the  Am.  Soc.  for  Testing  Materials. 
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fourth,  continue  to  add  aggregate  and  compact  until  the  cone  is  full 
of  thoroughly  compacted  aggregate,  which  process  will  require  from 
300  to  500  oscillations;  fifth,  weigh  cone  with  aggregate;  sixth,  weigh 
cone  empty ;  seventh,  weigh  cone  full  of  clean  water ;  eighth,  determine 
the  specific  grrvity  of  aggregate;  ninth,  the  percentage  of  voids  in  the 
aggregate  shall  be  calculated  by  the  following  formula: 

Percentage  of  voids  —  (l   —  -— JVYt)  ^*^^ 

in  which  A  =  the  weight  in  grammes  of  the  cone;  B  =  the  weight  in 
grammes  of  the  cone  filled  with  water  *i,C'  =  the  weight  in  grammes 
of  the  cone  filled  with  compacted  aggregate;  D  =  the  specific  gravity 
of  the  aggregate." 

Eattler  Test  for  Paving  Brick.* 
Construction  of  the  Rattler. 

General  Design. — The  machine  shall  be  of  good  mechanical  con- 
struction, self-contained,  shall  conform  to  the  following  details  of 
material  and  dimensions,  and  shall  consist  of  barrel,  frame,  and  driving 
mechanisms  as  herein  described. 

The  Barrel. — The  barrel  of  the  machine  shall  be  made  up  of  the 
heads,  head-liners,  staves,  and  stave-liners. 

The  Frame  and  Driving  Mechanism. — -The  barrel  shall  be  mounted 
on  a  cast-iron  frame  of  sufiicient  strength  and  rigidity  to  support 
it  without  undue  vibration.  It  shall  rest  on  a  rigid  foundation  with 
or  without  the  interposition  of  wooden  plates,  and  shall  be  fastened 
thereto  by  bolts  at  not  less  than  four  points.  It  shall  be  driven  by 
gearing  having  a  ratio  of  driver  to  driven  of  not  less  than  one  to  four. 

The  Abrasive  Charge. — The  abrasive  charge  shall  consist  of  cast- 
iron  spheres  of  two  sizes.  When  new,  the  larger  spheres  shall  be  9.52 
cm.  (3.75  in.)  in  diameter  and  shall  weigh  approximately  3.40  kg. 
(7.5  lb.)  each.  Ten  spheres  of  this  size  shall  be  used.  These  shall  be 
weighed  separately  after  each  ten  tests,  and  if  the  weight  of  any  large 
sphere  falls  to  3.175  kg.  (7  lb.),  it  shall  be  discarded  and  a  new  one 
substituted;  provided,  however,  that  all  the  large  spheres  shall  not 
be  discarded  and  substituted  by  new  ones  at  any  single  time,  and  that, 
so  far  as  possible,  the  large  spheres  shall  compose  a  graduated  series 
in  various  stages  of  wear.  When  new,  the  smaller  spheres  shall  be 
4.762  cm.  (1.875  in.)  in  diameter  and  shall  weigh  approximately  0.43  kg. 
(0.95  lb.)  each.  In  general,  the  number  of  small  spheres  in  a  charge 
shall  not  fall  below  245  nor  exceed  260.  The  collective  weight  of  the 
large  and  small  spheres  shall  be  as  nearly  136  kg.  (300  lb.)  as  possible. 
No  small  sphere  shall  be  retained  in  use  after  it  has  been  worn  down 
so  that  it  will  pass  a  circular  hole  4.45  cm.  (1.75  in.)  in  diameter, 
drilled  in  an  iron  plate  0.64  cm.  (i  in.)  in  thickness,  or  weigh  less  than 

*  Adapted  from  the  "Standard  Specifications  for  Paving  Brick",  adopted  in  1915 
by  the  Am.  Soc.  for  Testing  Materials. 
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0.34  kg.  (0.75  ]b.).  Further,  the  small  splieres  shall  he  tested,  by  passing 
them  over  the  above  plate  or  by  weighing,  after  ten  tests,  and  any 
which  pass  through  or  fall  below  the  specified  weight,  shall  be  replaced 
by  new  spheres;  provided,  further,  that  all  the  small  si)heres  shall 
not  be  rejected  and  replaced  by  new  ones  at  any  one  time,  and  that, 
so  far  as  possible,  the  small  spheres  shall  compose  a  graduated  series 
ill  various  stages  of  wear.  At  any  time  that  any  sphere  is  found  to 
be  brolien  or  defective,  it  shall  at  once  be  replaced. 

The  iron  comiiosing  these  spheres  shall  have  a  chemical  composition 
witliin  the  following  limits: 

Combined  carbon N^ot  less  than  2.50  per  cent. 

Graphitic  carbon    Not  more  than  0.25    "        " 

Silicon    "        "         ''     1.00    " 

Manganese    "        "        "     0.50    "        " 

Phosphorus "        "         "     0.25    " 

Sul]>hur     "        "         "     0.08    " 

Operation  of  the  Test. 

77i(?  Brich  Charge. — The  number  of  brinks  per  test  shall  be  ten  for 
all  'bricks  of  so-called  "block-size",  having  dimensions  which  fall 
between  20.32  and  22.86  cm.  (8  and  9  in.)  in  length,  7.62  and  9.52  cm. 
(3  and  3^  in.)  in  breadth,  and  9.52  and  10.8  cm.  (3|  and  4^  in.)  in 
thickness.  No  brick  should  be  selected  as  part  of  a  regular  test  that 
would  be  rejected  by  any  other  requirements  of  the  specifications  under 
which  the  purchase  is  made.  (Note  hy  Committee. — Each  brick  should 
be  marked  by  small  holes  drilled  in  one  of  the  faces  of  the  brick,  and 
the  initial  weight  of  each  brick  composing  the  charge  should  be 
determined.) 

Speed  and  Duration  of  Revolution. — The  rattler  shall  be  rotated  at 
a  uniform  rate  of  not  less  than  29.5  nor  more  than  30.5  rev.  per  min., 
and  1  800  revolutions  shall  constitute  the  test.  A  counting  machine 
shall  be  attached  to  the  rattler  for  recording  the  revolutions.  A  margin 
of  not  more  than  10  revolutions  will  be  allowed  for  stopping.  Only 
one  start  and  stop  per  test  is  generally  acceptable.  If,  from  accidental 
causes,  the  rattler  is  stopped  and  started  more  than  once  during  a 
test,  and  the  loss  exceeds  the  maximum  permissible  under  the  speci- 
fications, the  test  shall  be  discarded  and  another  made. 

The  Scales. — The  scales  shall  have  a  capacity  of  not  less  than  136 
kg.  (300  lb.),  shall  be  sensitive  to  14.17  grammes  (0.5  oz.),  and  shall 
be  tested  by  a  standard  test  weight  at  intervals  of  not  less  than  every 
ten  tests. 

The  Results. — The  loss  shall  be  calculated  in  percentage  of  the 
initial  weight  of  the  brick  composing  the  charge.  In  weighing  the 
rattled  brick,  any  piece  weighing  less  than  0.45  kg.   (1  lb.)   shall  be 
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rejected.  (Note  hy  Committee. — The  loss  for  each  brick  should  also  be 
calculated  in  percentage  of  the  initial  weight  of  each  brick  composing 
the  charge.) 

Absorption  op  Water  by  Wood  Blocks  After  Treatment. 

Five  blocks  of  average  character  shall  be  heated  in  an  oven  to  a 
temperature  of  110°  cent.  (230°  Fahr.)  for  3  hours,  then  weighed,  and 
immersed  in  water  for  the  same  length  of  time.  At  the  end  of  this 
time,  they  shall  be  taken  out,  wiped  dry,  and  weighed,  the  difference 
in  weight  before  and  after  immersion,  calculated  on  the  weight  after 
heating,  being  the  percentage  of  absorption. 

Cement. 

For  sampling,  analysis,  and  testing  of  cement,  the  methods  described 
in  the  "Final  Report  of  the  Special  Committee  on  Uniform  Tests  of 
Cement"  (Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXY,  1912,  pp.  665 
to  696)  are  recommended  for  use. 


Papers.]  MATKKIALS  I'OU  KOAD  CONSTRUCTION  2391 

APPENDIX    O 


TESTS  OF  BITUMINOUS  MATERIALS. 


It  is  recommended  that  the  following  methods  for  performing  tests 
of  bituminous  materials  be  adopted  as  standards: 

Specific  Gravity. 

For  liquid  and  semi-solid  materials,  some  standard  form  of  pykno- 
meter  shall  be  used.  For  solid  materials,  the  suspension  method  shall 
be  used.  Material  and  distilled  water  shall  have  a  temperature  of 
25°  cent.  (77°  Fahr.). 

The  pyknometer  to  be  used  shall  consist  of  a  fairly  heavy,  straight- 
vallod  glass  tube,  70  mm.  (2.75  in.)  long  and  22  mm.  (0.875  in.)  in 
diameter,  ground  to  receive  a  solid  glass  stopper  with  a  hole  of  1.6-mm. 
(0.06o-in.)  bore,  in  place  of  the  usual  capillary  opening.  The  lower 
part  of  this  stopper  shall  be  made  concave  in  order  to  allow  all  air 
bubbles  to  escape  through  the  bore.  The  depth  of  the  cup-shaped 
depression  is  4.8  mm.  (0.188  in.)  at  the  center.  The  stoppered  tube 
shall  have  a  capacity  of  about  24  cu.  cm.  (0.811  oz.)  and  when  empty 
shall  weigh  about  28  grammes.  Its  principal  advantages  are:  (1)  that 
any  desired  quantity  of  bituminous  material  may  be  poured  in 
without  touching  the  sides  above  the  level  desired;  (2)  it  is  easily 
cleaned;  (3)  on  account  of  the  1.6-mm.  (0.063-in.)  bore,  the  stopper 
can  be  more  easily  inserted  when  the  tube  is  filled  with  a  very  viscous 
oil  than  if  it  contained  a  capillary  opening.  When  testing  solid  or 
semi-solid  materials  with  the  pyknometer,  extreme  care  should  be 
taken  in  melting,  to  avoid  loss  by  evaporation,  and,  in  filling  the 
pyknometer,  to  avoid  entrapping  air. 

When  working  with  semi-solid  bituminous  materials  which  are 
too  soft  to  be  broken  nnd  handled  in  fragments,  the  following  method 
of  determining  their  specific  gravity  has  been  used  with  good  results. 
The  clean,  dry  pyknometer  is  first  weighed  empty  and  this  weight 
is  called  a.  It  is  then  filled  in  the  usual  manner  with  freshly  dis- 
tilled water  at  25°  cent.  (77°  Fahr.),  and  the  weight  is  again  taken 
and  called  h.  A  small  quantity  of  the  material  is  then  placed  in  a 
spoon  and  brought  to  a  fluid  condition  by  the  gentle  application  of 
heat,  with  care  that  no  loss  by  evaporation  occurs.  When  sufficiently 
fluid,  enough  is  poured  into  the  dry  pyknometer,  which  may  also  be 
warmed,  to  fill  it  about  half  full,  without  allowing  the  material  to 
touch  the  sides  of  the  tube  above  the  desired  level.  The  tube  and  con- 
tents are  then  allowed  to  cool  to  room  temperature,  after  which  the 
tube,  with  the  stopper,  is  carefully  weighed.  This  weight  is  called  c. 
Distilled  water,   at  25°   cent.    (77°    Fahr.),   is  then  poured   in   until 
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the  pyknometer  is  full.  After  this  the  stopper  is  inserted  and  the 
whole  is  cooled  to  25°  cent.  (77°  Fahr.)  by  a  30-min.  immersion  in 
a  beaker  of  distilled  water  maintained  at  this  temperature.  All  sur- 
plus moisture  is  then  removed  with  a  soft  cloth,  and  the  pyknometer 
and  contents  are  weighed.  This  weight  is  called  d.  From  the  weights 
obtained,  the  specific  gravity  of  the  material  'may  be  readily  calculated 
by  the  following  formula: 

Specific  gravity  25°  cent.   (77°  Fahr.)   /  j 


25°  cent.   (77°  Fahr.)/    I        (6  —  a)  —  {d  —  c) 

Both  a  and  h  are  constants,  and  need  be  determined  only  once. 
It  is  necessary,  therefore,  to  make  only  two  weighings  for  each  deter- 
mination after  the  first.  Kesults  obtained  according  to  this  method 
are  accurate  to  within  two  imits  in  the  third  decimal  place,  whereas 
the  open-tube  method  commonly  used  is  accurate  to  the  second  decimal 
place  only. 

The  specific  gravity  of  fluid  bituminous  material  may  be  deter- 
mined in  the  ordinary  manner  with  this  pyknometer  by  completely 
filling  it  with  the  material  and  dividing  the  weight  of  the  bituminous 
material  thus  obtained  by  that  of  the  same  volume  of  water. 

Flash  Point. 

The  flash  point  shall  be  determined  by  the  closed-cup  test. 

Although,  for  ordinary  purposes,  the  open-cup  method  of  deter- 
mining the  flash  and  burning  points  of  bituminous  materials  is  rea- 
sonably accurate,  the  closed-cup  method  described  below  is  to  be 
preferred. 

The  oil  tester  shall  consist  of  a  copper  oil  cup  having  a  capacity 
of  about  300  cu.  cm.  (10.1  oz.),  and  shall  be  heated  in  a  water  or 
oil  bath  by  a  small  Bunsen  flame.  The  cup  shall  be  provided  with 
a  glass  cover  carrying  a  thermometer,  and  a  hole  for  inserting  the 
testing  flame.  The  testing  flame  shall  be  obtained  from  a  jet  of  gas 
passed  through  the  piece  of  glass  tubing,  and  shall  be  about  5  mm. 
(0.197  in.)  in  length. 

The  flash  test  shall  be  made  as  follows:  The  oil  cup  shall  first 
be  removed  and  the  bath  filled  with  water  or  cottonseed  oil.  The  oil 
may  always  be  used,  and  is  necessary  for  bituminous  material  flash- 
ing at  a  temperature  of  more  than  100°  cent.  (212°  Fahr.).  The 
oil  cup  shall  be  replaced  and  filled  with  the  material  to  be  tested 
to  within  3  mm.  (0.118  in.)  of  the  flange  joining  the  cup  and  the 
vapor  chamber  above.  The  glass  cover  shall  then  be  placed  on  the 
oil  cup  and  the  thermometer  adjusted  so  that  its  bulk  shall  be  just 
covered  by  the  bituminous  material.  The  Bunsen  flame  shall  be  ap- 
plied in  such  a  manner  that  the  temperature  of  the  material  in  the 
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cup  shall  be  raised  at  the  rate  of  about  5°  cent.  (9°  Fahr.)  per  min. 
From  time  to  time  the  testing?  flame  shall  be  inserted  in  the  opening' 
in  the  cover  to  about  half  way  between  the  surface  of  the  material 
and  the  cover.  The  ai)pearance  of  a  faint  bluish  flame  over  the 
entire  surface  of  the  bituminous  material  will  show  that  the  flash 
point  has  been  reached  and  the  temperature  at  this  point  is  taken. 

Solubility  in  Carbon  Disulpiiidk  (CS.,). 

This  test  shall  consist  in  dissolving  the  bituminous  material  in 
carbon  disulphide  and  recovering-  any  insoluble  matter  by  filtering 
the  solution  tlirough  an  asbestos  felt.  The  Gooch  crucible  used  for 
the  determination  shall  be  4.4  cm,  (1.722  in.)  wide  at  the  top,  tapering 
to  3.6  cm.  (1.417  in.)  at  the  bottom,  and  shall  be  2.5  cm.  (0.984 
in.)  deep. 

The  asbestos  shall  be  cut  with  scissors  into  pieces  not  exceeding 
1  cm.  (0.394  in.)  in  length,  after  which  it  shall  be  shaken  up  with 
just  sufficient  water  to  pour  easily.  The  crucible  shall  be  filled  with 
the  suspended  asbestos  and  allowed  to  settle  for  a  few  moments.  A 
light  suction  shall  then  be  applied  to  draw  off  all  the  water  and 
leave  a  firm  mat  of  asbestos  in  the  crucible.  More  of  the  suspended 
material  shall  be  added,  and  the  operation  shall  be  repeated  until  the 
felt  shall  be  so  dense  that  it  scarcely  transmits  light  when  held  so 
that  the  bottom  of  the  crucible  is  between  the  eye  and  the  source  of 
light.  The  felt  shall  then  be  washed  several  times  with  water,  and 
drawn  firmly  against  the  bottom  of  the  crucible  by  an  increased  suc- 
tion. The  crucible  shall  be  removed  to  a  drying  oven  for  a  few 
minutes,  after  which  it  shall  be  ignited  at  red  heat  over  a  Bunsen 
burner,  cooled  in  a  desiccator,  and  weighed. 

Two  grammes  of  bituminous  material  or  10  grammes  of  an  asphalt 
topping  or  rock  asphalt  shall  then  be  placed  in  an  Erlenmeyer  flask, 
which  shall  have  been  weighed  previously,  and  the  accurate  weight 
of  the  sample  obtained.  One  hundred  cubic  centimeters  (3.381  oz.) 
of  chemically  pure  carbon  disulphide  shall  be  i)oured  into  the  flask, 
in  small  portions,  with  continual  agitation,  until  all  lumps  disappear 
and  nothing  adheres  to  the  bottom.  The  flask  shall  then  be  corked 
and  set  aside  for  1.5  min.  to  allow  settlement  of  the  insoluble  material. 

The  weighed  Gooch  crucible  containing  the  felt  shall  be  set  up 
over  the  dry  pressure  flask,  and  the  solution  of  bituminous  material 
in  carbon  disulphide  shall  be  decanted  through  the  felt  without 
suction  by  gi'adually  tilting  the  flask,  with  care  not  to  stir  up  any 
precipitate  that  may  have  settled  out.  At  the  first  sign  of  any  sedi- 
ment coming  out,  the  dccantation  shall  be  stopped  and  the  filter 
allowed  to  drain.  A  small  quantity  of  carbon  disulphide  shall  then 
be  washed  down  the  sides  of  the  flask,  after  which  the  precipitate 
shall  be  brought  upon  the  felt  and  the  flask  scrubbed,   if  necessary, 
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with  a  feather  or  "policeman",  to  remove  all  adhering  material.  The 
contents  of  the  crucible  shall  be  washed  with  carbon  disulphide  until 
the  washings  run  colorless.  Suction  shall  then  be  applied  until  there 
is  practically  no  odor  of  carbon  disulphide  in  the  crucible,  after  which 
the  outside  of  the  crucible  shall  be  cleaned  with  a  small  quantity 
of  the  solvent.  The  crucible  and  contents  shall  be  dried  in  the  hot- 
air  oven  at  100°  cent.  (212°  Fahr.)  for  about  20  min.,  cooled  in  a 
desiccator,  and  weighed.  If  any  appreciable  quantity  of  insoluble 
matter  adheres  to  the  flask,  it  shall  also  be  dried  and  weighed,  and 
any  increase  over  the  original  weight  of  the  flask  shall  be  added  to 
the  weight  of  insoluble  matter  in  the  crucible.  The  total  weight 
of  insoluble  material  may  include  both  organic  and  mineral  matter. 
The  former,  if  present,  shall  be  burned  off  by  ignition  at  a  red  heat 
until  no  incandescent  particles  remain,  thus  leaving  the  mineral 
matter  or  ash,  which  can  be  weighed  on  cooling.  The  difference  be- 
tween the  total  weight  of  material  insoluble  in  carbon  disulphide  and 
the  weight  of  substance  taken  equals  the  total  bitumen,  and  the  per- 
centage weights  are  calculated  ^nd  reported  as  total  bitumen,  and 
insoluble  organic  and  inorganic  matter,  on  the  basis  of  the  weight  of 
material  taken  for  analysis. 

This  method  is  quite  satisfactory  for  straight  oil  and  tar  products, 
but,  where  native  asphalts  are  present,  it  will  be  found  practically 
impossible  to  retain  all  the  finely  divided  mineral  matter  on  an  asbes- 
tos felt.  It  is  generally  more  accurate,  therefore,  to  obtain  the  result 
for  total  mineral  matter  by  direct  ignition  of  a  1-gramme  sample  in 
a  platinum  crvicible,  or  to  use  the  result  for  ash  obtained  in  the 
fixed  carbon  test.  The  total  bitumen  is  then  determined  by  deducting 
from  100%  the  sum  of  the  percentages  of  total  mineral  matter  and 
insoluble  organic  matter.  If  the  presence  of  a  carbonate  mineral  is 
suspected,  the  percentage  of  mineral  matter  may  be  most  accurately 
obtained  by  treating  the  ash  from  the  fixed  carbon  determination 
with  a  few  drops  of  ammonium  carbonate  solution,  drying  at  100° 
cent.  (212°  Fahr.),  then  heating  for  a  few  minutes  at  a  dull  red  heat, 
cooling,  and  weighing  again. 

When  difficulty  in  filtering  is  experienced — for  instance,  when 
Trinidad  asphalt  is  present  in  any  quantity — a  longer  period  of  sub- 
sidence than  15  min.  is  necessary,  and  the  following  method, 
adopted  in  1911  by  the  American  Society  for  Testing  Materials  is 
recommended : 

Analysis  of  Sample. — After  drying,  from  2  to  15  grammes  (as  may 
be  necessary  to  insure  the  presence  of  1  to  2  grammes  of  pure  bitumen) 
are  weighed  into  a  150-cc.  tared  Erlenmeyer  flask,  and  treated  with 
100  cc.  of  carbon  disulphide.  The  flask  is  then  loosely  corked  and 
shaken  from  time  to  time  until  all  large  particles  of  the  material 
have  been  broken  up.    It  is  then  set  aside  for  48  hours  to  settle.     The 
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solution  is  decanted  into  a  similar  flask  that  has  boen  previously 
weighed.  As  much  of  the  solvent  is  poured  off  as  possible  without 
disturbing  the  residue.  The  contents  of  the  first  flask  are  again 
treated  with  fresh  carbon  disulphide,  shaken  as  before,  and  then  put 
away  with  the  second  flask  for  48  hours  to  settle. 

The  liquid  in  the  second  flask  is  then  carefully  decanted  on  a 
weighed  Gooch  crucible,  3.2  cm.  in  diameter  at  the  bottom,  fitted  with 
an  asbestos  filter,  and  the  contents  of  the  first  flask  are  similarly 
treated.  The  asbestos  filter  is  made  of  ignited  long-fiber  amphibole, 
packed  in  tlie  bottom  of  a  Gooch  crucible  to  the  depth  of  not  more  than 
^  in.  In  filtering,  no  vacuum  is  to  be  used  and  the  temperature  is  to 
be  kept  between  20°  and  25°  cent.  After  passing  the  liquid  contents 
of  both  flasks  through  the  filter,  the  residue  on  the  filter  is  thoroughly 
washed,  and  the  residues  remaining  in  them  are  shaken  with  more  fresh 
carbon  disulphide  and  allowed  to  settle  for  24  hours,  or  until  it  is 
seen  that  a  good  subsidation  has  taken  place.  The  solvent  in  both 
flasks  is  then  again  decanted  through  the  filter,  and  the  residues  re- 
maining in  them  are  washed  imtil  the  washings  are  practically  color-, 
less.    All  washings  are  to  be  passed  through  the  Gooch  crucible. 

The  crucible  and  both  flasks  are  then  dried  at  125°  cent,  and 
weighed.  The  filtrate  containing  the  bitumen  is  evaporated,  the  bitu- 
minous residue  burned,  and  the  weight  of  the  ash  thus  obtained  added 
to  that  of  the  residue  in  the  two  flasks  and  the  crucible.  The  sum  of 
these  weights  deducted  from  the  weight  of  substance  taken  gives  the 
weight  of  soluble  bitumen. 

Solubility  of  Bitumen  in  Carbon  Tetrachloride  (CCl^). 

The  test  shall  be  conducted  in  exactly  the  same  manner  as  de- 
scribed for  the  test  for  "Solubility  in  Carbon  Disulphide",  except 
that  100  cu.  cm.  (3.381  oz.)  of  chemically  pure  carbon  tetrachloride 
shall  be  used  in  place  of  carbon  disulphide,  and  the  percentage  of 
bitumen  insoluble  in  carbon  tetrachloride  shall  be  reported  on  the 
basis  of  the  bitumen  taken  as  100,  the  quantity  of  bitumen  having 
been  determined  by  the  method  described  under  the  heading  "Solu- 
bility in  Carbon  Disulphide." 

Consistency. 

The  "Engler  Viscosiineter,"  the  "New  York  Testing  Laboratory 
Float,"  or  the  "Penetrometer."  shall  be  used,  as  practicable,  at  4°  cent. 
(?,9°  Fahr.).  25°  cent.  (77°  Fahr.),  and  4G°  cent.  (115°  Fahr.). 

Viscosity  Test. 

The  viscosity  of  liquid  bituminous  materials  shall  be  determined 
at  any  desired  temperature  by  using  the  "Engler  Viscosimeter."  This 
aiiparatus   consists   of  a  brass   vessel   for  holding  the   material   to   be 
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tested,  and  is  closed  by  a  cover.  To  tlie  conical  bottom  is  fitted  a 
conical  outflow  tube  exactly  20  mm.  (0.787  in.)  long,  with  a  diameter 
of  2.9  mm.  (0.114  in.)  on  top,  and  of  2.8  mm.  (0.110  in.)  on  the 
bottom.  This  tube  is  closed  and  opened  by  a  pointed  hardwood 
stopper.  Pointed  metal  projections  are  placed  on  the  inside  of  the 
vessel  at  equal  distances  from  the  bottom,  and  serve  for  measuring 
the  charge  of  material,  which  is  240  cu.  em.  (8.116  oz.).  A  ther- 
mometer is  used  to  ascertain  the  temperature  of  the  material  to  be 
tested.  The  vessel  is  surrounded  by  a  brass  jacket,  which  holds  the 
material  which  may  be  used  as  a  heating  bath,  either  water  or 
cottonseed  oil,  according  to  the  temperature  at  which  the  test  is  to 
be  made.  A  tripod  serves  as  a  support  for  the  apparatus,  and  also 
carries  a  ring  burner  by  which  the  bath  is  heated  directly.  The 
measuring  cylinder,  having  a  capacity  of  100  cu.  cm.  (3.381  oz.), 
which  is  sufficiently  accurate  for  work  with  road  materials,  is  placed 
directly  under  the  outflow  tube. 

As  all  viscosity  determinations  should  be  compared  with  that  of 
.water  at  25°.  cent.  (77°  Fahr.),  the  apparatus  shall  have  been  pre- 
viously calibrated  as  follows:  The  cup  and  outlet  tube  shall  first  be 
scrupulously  cleaned.  A  piece  of  soft  tissue  paper  is  convenient  for 
cleaning  the  tube.  The  stopper  shall  then  be  inserted  in  the  tube, 
and  the  cup  shall  be  filled  with  water  at  25°  cent.  (77°  Fahr.)  to  the 
top  of  the  projections.  The  measuring  cylinder  shall  be  placed  directly 
under  the  outflow  tube  so  that  the  material,  on  flowing  out,  will  not 
touch  the  sides.  The  stopper  shall  then  be  removed  and  the  time 
required,  both  for  50  and  100  cu.  cm.  (1.691  and  3.381  oz.)  to  run 
out,  shall  be  ascertained  by  using  a  stop-watch.  The  results  thus 
obtained  shall  be  checked  a  number  of  times.  The  time  required 
for  50  cu.  cm.  (1.691  oz.)  of  water  should  be  about  11  sec,  and  for 
100  cu.  cm.  (3.381  oz.)  about  22.8  sec. 

Bituminous  materials  shall  be  tested  in  the  same  manner  as  water, 
and  the  temperature  at  which  the  test  is  made  shall  be  controlled 
by  the  bath.  The  material  shall  be  brought  to  the  desired  tempera- 
ture and  maintained  there  for  at  least  3  min.  before  making  the  test. 
The  results  are  expressed  as  specific  viscosity  compared  with  water  at 
25°  cent.  (77°  Fahr.),  as  follows: 

Specific  viscosity  at degrees  centigrade  for cu.  cm. 

second  for  passage  of  given  volume  at degrees  centigrade 

seconds  for  passage  of  same  volume  of  water  at  25°  cent.  (77°  Fahr.) 

Float  Test. 

The  float  apparatus  consists  of  two  parts,  an  aluminum  float  or 
saucer  and  a  conical  brass  collar.  The  two  parts  are  made  separately, 
so  that  one  float  may  be  used  with  a  number  of  brass  collars. 
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In  making  the  tost,  the  brass  collar  shall  be  placed  with  the  small 
end  down  on  the  brass  plate,  which  sluill  have  been  previously  amal- 
gamated with  mercury  by  rubbing  it  first  with  a  dilute  solution  of 
mercuric  chloride  or  nitrate  and  then  with  mercury.  A  small  quan- 
tity of  the  material  to  be  tested  shall  be  heated  in  the  metal  spoon 
until  quite  fluid,  with  care  that  it  shall  suffer  no  appreciable  loss 
by  volatilization  and  that  it  shall  be  kept  free  from  air  bubbles.  It 
shall  then  be  poured  into  the  collar  in  a  thin  stream  until  slightly 
more  than  level  with  the  top.  After  the  material  has  cooled  to  room 
temperature,  the  sui-plus  may  be  removed  with  a  spatula  blade  which 
has  been  slightly  heated.  The  collar  and  plate  shall  then  be  placed 
in  one  of  the  tin  cups  containing  ice  water  maintained  at  5°  cent. 
(41°  Fahr.),  and  left  in  this  bath  for  15  min.  Meanwhile,  the  other 
cup  shall  be  filled  about  three-fourths  full  of  water  and  placed  on 
the  tripod,  and  the  water  shall  be  heated  to  any  temperature  desired 
for  the  test.  This  temperature  shall  be  accurately  maintained,  and 
shall  at  no  time  throughout  the  entire  test  be  allowed  to  vary  more 
than  0.5°  cent.  (0.9°  Fahr.)  from  the  temperature  selected.  After  the 
material  to  be  tested  has  been  kept  in  the  ice  water  for  15  min.,  the 
collar  and  contents  shall  be  removed  from  the  plate  and  screwed 
into  the  aluminum  float,  which  shall  then  be  immediately  floated  in 
the  warmed  bath.  As  the  plug  of  bituminous  material  becomes  warm 
and  fluid,  it  is  gradually  forced  upward  and  out  of  the  collar,  until 
water  gains  entrance  to  the  saucer  and  causes  it  to  sink. 

The  time,  in  seconds,  between  placing  the  apparatus  on  the  water 
and  when  the  float  sinks  shall  be  taken  as  a  measure  of  the  consistency 
of  the  material  under  examination. 

Penetration  Test.* 
Apparatus. — The  container  for  holding  the  material  to  be  tested 
shall  be  a  flat-bottomed,  cylindrical  dish,  .').')  mm.  (2j\  in.)  in  diameter 
and  35  mm.  (1|  in.)  deep.*  The  needle  for  this  test  shall  be  a  cylin- 
drical steel  rod  50.8  mm.  (2  in.)  long  and  having  a  diameter  of  1.016 
mm.  (0.04  in.)  and  turned  on  one  end  to  a  sharp  point  having  a 
6.35-mm.  (i-in.)  taper.  The  water  bath  shall  be  maintained  at  a 
temperature  not  varying  more  than  0.1°  cent.  (0.18°  Fahr.)  from 
25°  cent.  (77°  Fahr.).  The  volume  of  water  shall  be  not  less  than 
10  liters,  and  the  sample  shall  be  immersed  to  a  depth  of  not  less  than 
10  cm.  (4  in.)  and  shall  be  supported  on  a  perforated  shelf  not  less 
than  5  cm.  (2  in.)  from  the  bottom  of  the  bath.  Any  apparatus  which 
will  allow  the  needle  to  penetrate  without  appreciable  friction,  and 
which  is  accurately  calibrated  to  yield  results  in  accordance  with  the 
definition  of  penetration,  will  be  acceptable.  The  transfer  dish  for 
the  container  shall  be  a  small  dish  or  tray  of  such  capacity  as  will 

•  Adopted  In  191G  by  the  Am.  Soo.  for  Testing  Materials. 
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insure  complete  iiniuersiou  of  the  eoiittiiner  during-  the  test.  It  shall 
be  provided  with  some  means  which  will  insure  a  firm  bearing  and 
prevent  rocking  of  the  container. 

Preparation  of  Sample. — The  sample  shall  be  completely  melted  at 
the  lowes-t  possible  temperature,  and  stirred  thoroughly  until  it  is 
homogeneous  and  free  from  air  bubbles.  It  shall  then  be  poured 
into  the  sample  container  to  a  depth  of  not  less  than  15  mm.  (g  in.). 
The  sample  shall  be  protected  from  dust  and  allowed  to  cool  in  an 
atmosphere  not  lower  than  18°  cent.  (65°  Fahr.)  for  1  hour.  It  shall 
then  be  placed  in  the  water  bath  along  with  the  transfer  dish  and 
allowed  to  remain  1  hour. 

Testing. — In  making  the  test,  the  sample  shall  be  placed  in  the 
transfer  dish  filled  with  water  from  the  water  bath  of  sufficient  depth 
to  cover  the  container  completely.  The  transfer  dish  containing  the 
sample  shall  then  be  placed  on  the  stand  of  the  penetration  machine. 
The  needle,  loaded  with  specified  weight  (See  Keport  Form  for  Asphalt 
Cement,  Appendix  A),  shall  be  adjusted  to  make  contact  with  the 
surface  of  the  sample.  This  may  be  accomplished  by  making  contact 
of  the  actual  needle  point  with  its  image  reflected  by  the  surface  of 
the  sample  from  a  properly  placed  source  of  light.  Either  the  reading 
of  the  dial  shall  then  be  noted  or  the  needle  brought  to  zero.  The 
needle  is  then  released  for  the  specified  period  of  time,  after  which  the 
penetration  machine  is  adjusted  to  measure  the  distance  penetrated. 
At  least  three  tests  shall  be  made  at  points  on  the  surface  of  the 
sample  not  less  than  1  cm.  (§  in.)  from  the  side  of  the  container  and 
not  less  than  1  cm.  (|  in.)  apart.  After  each  test  the  sample  and 
transfer  dish  shall  be  returned  to  the  water  bath,  and  the  needle 
shall  be  carefully  wiped  toward  its  point  with  a  clean,  dry  cloth,  to 
remove  all  adhering  bitumem.  The  reported  penetration  shall  be  the 
average  of  at  least  three  tests  the  values  of  which  shall  not  differ 
more  than  four  points  between  maximmn  and  minimum.  When 
desirable  to  vary  the  temperature,  time,  and  weight  (See  Report  Form 
for  Asphalt  Cement.  Appendix  A),  and,  in  order  to  provide  for  a 
uniform  method  of  reporting  results  when  variations  are  made,  the 
samples  shall  be  melted  and  cooled  in  air  as  above  directed.  They 
shall  then  be  immersed  in  water  or  brine,  as  the  case  may  require, 
for  1  hoiir  at  the  temperature  desired. 

Melting  Point. 

Cube  Method  for  Tar  Cements. 

The  material  under  examination  shall  be  first  melted  in  a  spoon 
by  the  gentle  application  of  heat  untii  sufficiently  fluid  to  pour  readily. 
Care  shall  be  taken  that  it  suffers  no  appreciable  loss  by  volatilization. 
It  shall  then  be  poured  into  a  12.7-mm  (0.5-in.)  brass  cubical  mould, 
which  shall  have  been  amalgamated  with  mercury,  and  shall  be  placed 
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on  ail  amalccamatod  brass  plate.  The  brass  may  be  amalgamated  by 
washinp:  it  first  with  a  dilute  solution  of  mercuric  chloride  or  nitrate, 
^fter  which  the  mercury  is  rubbed  into  the  surface.  By  this  means 
the  bituminous  material  is,  to  a  considerable  extent,  prevented  from 
sticking  to  the  sides  of  the  mould.  The  hot  material  shall  slightly 
more  than  fill  the  mould,  and,  when  cooled,  the  excress  shall  be  cut 
off  with  a  hot  spatula. 

After  cooling  to  room  temperature,  the  cube  shall  be  rcMUOved  from 
the  mould  and  fastened  on  the  lower  arm  of  a  No.  10  wire  (B.  &  S. 
gauge),  bent  at  right  angles  at  one  end  and  suspended  beside  a 
thermometer  in  a  covered  Jena  glass  beaker  having  a  capacity  of  400 
cu.  cm.  (13.526  oz.),  Avhich  shall  be  placed  in  a  water  bath,  or,  for 
high  temperatures,  a  cottonseed-oil  bath.  The  wire  shall  be  passed 
through  the  center  of  two  opposite  faces  of  the  cube,  which  shall  then 
be  suspended  with  its  base  25.4  mm.  (1  in.)  above  the  bottom  of 
the  beaker.  The  water  or  oil  bath  shall  consist  of  an  800-cu.  cm. 
(27.051-oz.)  low-form  Jena  glass  beaker,  suitably  mounted  for  the 
application  of  heat  from  below.  The  beaker  in  which  the  cube  is 
suspended  shall  be  of  the  tall-form  Jena  type,  without  lip.  The  metal 
cover  shall  have  two  o])enings.  A  cork,  through  which  passes  the  long 
arm  of  the  wire,  shall  be  inserted  in  one  hole  and  the  thermometer  in 
the  other.  The  bulb  of  the  thermometer  shall  be  just  level  with  the 
cube  and  at  an  equal  distance  from  the  side  of  the  beaker.  In  order 
that  a  reading  of  the  thermometer  may  be  made,  if  necessary,  at  the 
point  which  passes  through  the  cover,  the  hole  shall  be  triangular  and 
covered  with  an  ordinary  object  glass  through  which  the  stem  of  the 
thermometer  may  be  seen.  Readings  made  through  this  glass  shall  be 
calibrated  to  the  angle  of  observation,  which  may  be  made  constant  by 
sighting  always  from  the  front  edge  of  the  opening  to  any  given  point 
on  the  stem  of  the  thermometer  below  the  cover. 

After  the  test  specimen  shall  have  been  placed  in  the  apparatus, 
the  liquid  in  the  outer  vessel  shall  be  heated  in  such  a  manner  that  the 
thermometer  registers  an  increase  of  5°  cent.  (9°  Fahr.)  per  min.  The 
temperature  at  which  the  bituminous  material  touches  a  piece  of  paper 
placed  in  the  bottom  of  the  beaker  shall  be  taken  as  the  melting  point. 
Determinations  made  in  the  manner  described  shall  not  vary  more 
than  2°  cent.  (3.6°  Fahr.)  for  successive  trials  on  the  same  material. 
At.  the  beginning  of  this  test  the  temperature  of  both  bituminous 
material  and  bath  shall  be  approximately  at  25°  cent.   (77°   Fahr.). 

Ring  and   Ball   Method  for   Asphalt  Cements.* 

The  apparatus   shall  consist  of  a  brass  ring,   15.875   mm.    {%   in.) 

in  diameter,  6.35  mm.   (j   in.)   deep,  2.38125  mm.   (^\    in.)  wide,  sus- 

I  •Proposed  in  1916  by  Committee  D-4,  "Standard  tests  for  Road  Materials",  of 
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pended  25.40  ram.  (1  in.)  above  bottom  of  a  beaker;  a  steel  ball,  9.525 
mm.  (i  in.)  in  diameter,  weighing  between  3.45  and  3.50  grammes;  a 
standardized  thermometer;  a  glasf  beaker,  approximately  600-cc. 
capacity. 

Carefully  melt  the  sample  and  fill  the  ring  with  material  to  be 
tested.  Remove  any  excess.  Place  ball  in  center  of  ring  and  suspend 
in  beaker  containing  approximately  400  cc.  of  water  at  a  temperature 
of  5°  cent.  (41°  Fahr.).  Arrange  thermometer  bulb  within  ^  in.  of 
sample  and  at  same  level.  Apply  heat  uniformly  over  bottom  of  beaker 
in  quantity  siifficient  to  raise  temperature  5°  cent.  (9°  Fahr.)  per 
min.  Record  temperature  at  starting  test  and  every  minute  thereafter 
until  test  is  completed.  The  rate  of  heating  is  very  important. 
Softening  point  is  temperature  at  which  specimen  has  dropped  1  in. 
Successive  tests  should  average  within  3°  cent.  For  temperatures 
above  95°  cent.,  glycerine  shall  be  used  instead  of  water. 

Loss  ON  Evaporation.* 

The  amount  lost  by  oils  and  asphaltic  compounds  when  they  are 
heated  in  an  oven  at  a  temperature  of  163°  cent.  (325°  Fahr.)  plus 
or  minus  1°  cent.  (2°  Fahr.)  shall  be  determined,  by  heating  50 
grammes  of  the  water-free  substance  contained  in  a  flat-bottomed 
dish,  the  inside  dimensions  of  which  are  approximately  2j%  in.  in 
diameter  and  If  in.  deep  (3-oz.  Gill  style  ointment  box,  deep  style) 
for  5  hours.  The  oven  in  which  the  substance  is  heated  shall  be 
brought  to  the  prescribed  temperature  before  the  sample  is  introduced, 
and  the  temperature  of  the  sample  under  test  shall  be  regarded  as  that 
of  a  similar  quantity  of  the  same  material  immediately  adjoining  it  in 
the  oven,  in  which  the  bulb  of  a  standardized  thermometer  is  immersed. 
The  oven  may  be  either  of  circular  or  rectangular  form,  and  the 
source  of  heat  either  gas  or  electricity.  The  samples  under  test  shall 
rest  in  the  same  relative  position  in  a  single  row  on  a  perforated  cir- 
cular shelf,  9|  in.  in  diameter,  suspended  by  a  vertical  shaft  midway 
in  the  oven,  which  is  revolved  by  mechanical  means  at  the  rate  of 
from  5  to  6  rev.  per  min.  (Note. — If  additional  periods  of  heating 
are  desired,  it  is  recommended  that  they  be  made  in  successive  incre- 
ments of  5  hours  each.)  If  the  residue  after  heating  is  to  be  tested 
for  penetration,  the  sample  should  be  thoroughly  mixed  by  stirring 
until  it  is  cool,  and  thereafter  manipulated  in  accordance  with '  the 
directions  of  the  standard  test  for  penetration  of  bituminous  materials. 

Distillation.* 

Note. — Equivalents  in  English  units  have  been  added  by  the 
Special  Committee  on  Materials  for  Road  Construction. 

*  Adopted  in  1916  by  the  Am.  Soc.  for  Testing  Materials. 
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SampJiny. — 'Ihe  sample  as  roocivod  f^liall  bo  thorrnifi-lily  stirred  and 
agitated,  warming,  if  necessary,  to  insure  a  complete  mixture  before 
the  portion  for  analysis  is  removed. 

Dehydration. — If  the  presence  of  water  is  suspected,  or  known,  the 
material  shall  be  dehydrated  before  distillation.  About  500  cu.  cm. 
(1G.907  oz.)  of  the  material  is  placed  in  an  800-cu.  cm.  (27.051-oz.) 
copper  still  i^rcvided  with  a  distilling  head  connected  with  a  water- 
cooled  condenser.  A  ring  burner  is  used,  starting  with  a  small  flame 
at  the  top  of  the  still,  and  gradually  lowering  it,  if  necessary,  until 
all  the  water  has  been  driven  oflF.  The  distillate  is  collected  in  a 
200-cu.  cm.  separatory  funnel  with  the  tube  cut  off  close  to  the  stop- 
cock. When  all  the  water  has  been  driven  over  and  the  distillate  has 
settled  out,  the  water  is  drawn  off  and  the  oils  are  returned  to  the 
residue  in  the  still.  The  contents  of  the  still  shall  have  cooled  to 
below  100°  cent.  (212°  Fahr.)  before  the  oils  are  returned,  and  they 
shall  be  well  stirred  and  mixed  with  the  residue. 

Apparatus. — The  apparatus  shall  consist  of  the  following  standard 
parts : 

(a)  Flash. — The  distillation  flask  shall  be  a  250-cu.  cm.  Engler 
distilling  flask,  having  the  following  dimensions: 

Diameter   of  bulb 8.0  i 

Length  of  neck 15.0 

Diameter  of  neck 1.7 

Surface  of  material  to  lower  side  of  tubulature.  11.0 

Length   of   tubulature 15.0 

Diameter   of  tubulature 0.9 

Angle    of    tubulature 75° 

A  variation  of  3%  from  the  foregoing  measurements  will  be 
allowed. 

(h)  Thermometer. — The  thermometer  shall  conform  to  the  following 
requirements : 

It  shall  be  made  of  therraometric  glass  of  a  quality  equivalent  to 
suitable  grades  of  Jena  or  Corning  make.  It  shall  be  thoroughly  an- 
nealed. It  shall  be  filled  above  the  mercury  with  inert  gas  which  will 
not  act  chemically  on  or  contaminate  the  mercury.  The  pressure  of  the 
gas  shall  be  sufficient  to  prevent  separation  of  the  mercury  column  at 
all  temperatures  of  the  scale.  There  shall  be  a  reservoir  above  the 
final  graduation  large  enough  so  that  the  pressure  will  not  become  ex- 
cessive at  the  highest  temperature.  The  thermometer  shall  be  finished 
at  the  top  with  a  small  glass  ring  or  button  suitable  for  attaching  a  tag. 
Each  thermometer  shall  have  for  identification  the  maker's  name,  a 
serial  number,  and  the  letters  "A.  S.  T.  M.  Distillation." 

The  thermometer  shall  be  graduated  from  0  to  400°  cent,  at  inter- 
vals of  1°  cent.     Every  fifth  graduation  shall  be  longer  than  the  inter- 
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mediate  ones,  and  every  tenth  graduation  beginning  at  zero  shall  be 
numbered.  The  graduation  marks  and  numbers  shall  be  clear-cut  and 
distinct. 

The  thermometer  shall  conform  to  the  following  dimensions: 

Total  length,  maximum 385  mm. 

Diameter  of  stem 7     "   ;  permissible  variation,  0.5  mm. 

Diameter  of  bulb,  minimum .  .  5     ^'    ;  and  shall  not  exceed  diameter 

of  stem. 

Length  of  bulb 12.5     "      permissible  variation,  2.5  mm. 

Distance  from  0°  to  bottom  of 

bulb    30     "    ;             "                 "           5       « 

Distance  from  0°   to  400^  . .  295     "    ;             "                 "         10       " 

The  accuracy  of  the  thermometer  when  delivered  to  the  purchaser 
shall  be  such  that  when  tested  at  full  immersion  the  maximum  error 
from  0  to  200°  cent,  shall  not  exceed  the  following: 

From         0  to  200°  cent 0.5°  cent. 

"         200    "  300°  cent 1.0°  cent. 

"         300    "  375°  cent 1.5°  cent. 

The  sensitiveness  of  the  thermometer  shall  be  such  that  when 
cooled  to  a  temperature  of  74°  cent.  beloAv  the  boiling  point  of  water 
at  the  barometric  pressure,  at  the  time  of  test,  and  plunged  into  free 
flow  of  steam,  the  meniscus  shall  pass  the  point  10°  cent.  beloAv  the 
boiling  point  of  water  in  not  more  than  6  sec. 

The  thermometer  shall  be  set  up  as  for  the  distillation  test,  using 
water,  naphthalene,  and  benzophenone  as  distilling  liquids.  The  cor- 
rectness of  the  thermometer  shall  be  checked  at  0  and  100°  cent,  after 
-  each  third  distillation  until  seasoned. 

(c)  Condenser. — The  condenser  tube  shall  have  the  following 
dimensions : 

Length   500  mm.   (19.685  in.) 

Width 12  to     15      "      (0.472  to  0.591  in.) 

Width  of  adaptor  end... .20    "     25      "      (0.787    "  0.984    "  ) 

(d)  Stands. — Two  iron  stands  shall  be  provided,  one  with  a  uni- 
versal clamp  for  holding  the  condenser,  and  one  with  a  light  grip  arm 
with  a  cork-lined  clamp  for  holding  the  flask. 

(e)  Burner  and  Shield. — A  Bunsen  burner  shall  be  provided,  with  a 
tin  shield,  20  cm.  (7.784  in.)  long  and  9  cm.  (3.543  in.)  in  diameter. 
The  shield  shall  have  a  small  hole  through  which  to  observe  the  flame. 

(/)  Cylinders. — The  cylinders  used  in  collecting  the  distillate  shall 
have  a  capacity  of  25  cu.  cm.  (0.845  oz.),  and  shall  be  graduated  in 
tenths  of  a  cubic  centimeter. 
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Srffinp  up  the  Apparatus. — The  apparatus  shall  he  set  up,  the 
thornidnu'tors  heing  phiced  so  that  the  top  of  the  bulb  is  opposite  the 
middle  of  the  tubulature.     All  connections  shall  be  tight. 

Method. — One  hundred  cubic  centimeters  (3.381  oz.)  of  the  dehy- 
drated material  to  be  tested  shall  be  placed  in  a  tared  flask  and  weighed. 
After  adjusting  tlie  thermometer,  shield,  condenser,  etc.,  the  distillation 
is  commenced,  the  rate  being  regulated  so  that  1  cu.  cm.  (0.034  oz.) 
passes  over  every  minute.  The  receiver  is  changed  as  the  mercury 
column  just  passes  the  fractionating  point. 

cent.  (230°  Fahr.) 

"  (338°  "      ) 

"  (455°  "      ) 

"  (518°  "      ) 

"  (572°  •'      ) 

To  determine  the  quantity  of  residue,  the  flask  is  weighed  again 
when  distillation  is  complete.  During  the  distillation  the  condenser 
tube  shall  be  warmed  when  necessary,  in  order  to  prevent  the  deposi- 
tion of  any  sublimate.  The  percentages  of  fraction  should  be  reported, 
both  by  weight  and  by  volume. 

Ductility. 

A  briquette  of  the  material  to  be  tested  shall  be  formed  by  pouring 
the  molten  material  into  a  briquette  mould.  The  dimensions  of  the 
briquette  shall  be:  1  cm.  (0.394  in.)  in  thickness  throughout  its  entire 
length;  distance  between  the  clips  or  end  pieces,,  3  cm.  (1.181  in.); 
width  of  asphalt  cement  section  at  mouth  of  clips,  2  cm.  (0.787  in.) ; 
width  at  minimum  cross-section,  half  way  between  clips,  1  cm.  (0.394 
in.).  The  center  pieces  are  removable,  the  briquette  mould  being  held 
together  during  moulding  with  a  clamp  or  wire. 

The  moulding  of  the  briquette  shall  be  done  as  follows :  The  two 
center  sections  shall  be  well  amalgamated  to  prevent  the  asphalt  cement 
from  adhering  to  them,  and  the  briquette  mould  shall  then  be  placed 
on  a  freshly  amalgamated  brass  plate.  The  asphalt  cement  to  be 
tested,  while  in  a  molten  state,  shall  be  poured  into  the  mould,  a  slight 
excess  being  added  to  allow  for  shrinkage  on  cooling.  When  the  asphalt 
cement  in  the  mould  is  nearly  cool,  the  briquette  shall  be  cut  off  level, 
with  a  warm  knife  or  spatula.  When  it  is  thoroughly  cooled  to  the 
temperature  at  which  it  is  desired  to  make  the  test,  the  clamp  and 
the  two  side  pieces  are  removed,  leaving  the  briquette  of  asphalt  cement 
held  at  each  end  by  the  ends  of  the  mould,  which  now  play  the  part 
of  clips.  The  briquette  shall  be  kept  in  water  for  30  min.  at  4°  cent. 
(39°  Fahr.)  or  25°  cent.  (77°  Fahr.)  before  testing,  dependent  on  the 
temperature  at  which  the  ductility  is  desired.  The  briquette  with  the 
clips  attaclied  shall  then  be  placed  in  a  "ductility  test  machine"  filled 
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with  water  at  one  of  the  above  temperatures  to  a  sufficient  height  to 
cover  the  briquette  not  less  than  60  -mm.  (1.969  in.).  This  machine 
consists  of  a  rectangular  water-tight  box,  having  a  movable  block  work- 
ing on  a  worm-gear  from  left  to  right.  The  left  clip  is  held  rigid  by 
placing  its  ring  over  a  short  metal  i>eg  provided  for  this  purpose;  the 
right  clip  is  placed  over  a  similar  rigid  peg  on  the  movable  block.  The 
movable  block  is  provided  with  a  pointer  which  moves  along  a  centi- 
meter scale.  Before  starting  the  test,  the  centimeter  scale  is  adjusted 
to  the  pointer  at  zero.  Power  is  then  applied  by  the  worm-gear  pulling 
from  left  to  right  at  the  uniform  rate  of  5  cm.  (1.969  in.)  per  min. 
The  distance,  in  centimeters,  registered  by  the  pointer  on  the  scale  at 
the  time  of  rupture  of  the  thread  of  asphalt  cement  shall  be  taken  as 
the  ductility  of  the  asphalt  cement. 

Solubility  in  Petroleum  Naphtha. 

Two  grammes  of  the  material  shall  be  placed  in  a  4-oz.  oil-sample 
bottle,  made  up  to  100  cu.  cm.  (3.381  oz.)  with  88°  Baume  petroleum 
naphtha  (boiling  point  between  40°  cent.  (104°  Fahr.)  and  55°  cent. 
(131°  Fahr.)),  and  the  whole  well  shaken  until  the  sample  is  digested. 
The  bottle  shall  then  be  centrifugalized  for  10  min.,  50  cu.  cm.  (1.691 
oz.)  withdrawn  into  a  weighed  flask,  the  naphtha  distilled  off  by  a 
water  bath,  and  the  residue  weighed.  From  this  weight  the  percentage 
of  solubility  shall  be  calculated. 

Fixed  Carbon. 

One  gramme  of  the  bituminous  material  shall  be  placed  in  a 
platinum  crucible,  weighing  between  20  and  30  grammes,  between  28 
and  38  mm.  (1.102  and  1.496  in.)  in  height,  and  having  a  tightly 
fitting  cover  provided  with  a  flange,  about  4  mm.  (0.157  in.)  in  depth. 
The  crucible  and  its  contents  shall  then  be  heated,  first  gently  and 
then  more  severely,  until  no  smoke  or  flame  shall  issue  between  the 
crucible  and  the  lid.  It  shall  then  be  placed  in  the  full  flame  of  a 
Bunsen  burner  for  7  min.,  holding  the  cover  down  with  the  end  of  a 
pair  of  tongs  until  the  most  volatile  products  shall  have  been  burned 
off.  The  crucible  shall  be  supported  on  a  platinum  triangle  with  the 
bottom  from  6  to  8  cm.  (2.362  to  3.150  in.)  above  the  top  of  the  burner. 
The  flame  shall  be  fully  20  cm.  (7.874  in.)  high  when  burning  free, 
and  the  determination  shall  be  made  in  a  place  free  from  drafts.  The 
upper  surface  of  the  cover  shall  burn  clear,  but  the  under  surface 
may  or  may  not  be  covered  with  carbon,  dependent  on  the  character  of 
the  bituminous  material.  The  crucible  shall  be  removed  to  the  desicca- 
tor, and,  when  cool,  shall  be  weighed,  after  which  the  cover  shall  be 
removed  and  the  crucible  placed  in  an  inclined  position  over  the 
Bunsen  burner  and  ignited  until  nothing  but  ash  remains.  Any  carbon 
deposited  on  the  cover  shall  also  be  burned  off.     The  weight  of  ash 
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ri'uiaiiiing  shall  be  deducLcd  fruin  the  weight  of  the  residue  after  the 
first  ignition  of  the  sample.  The  resulting  weight  is  that  of  the  fixed 
carbon,  which  shall  be  calculated  on  the  basis  of  the  total  weight  of  the 
sample,  exclusive  of  mineral  matter. 

Paraffin. 

One  hundred  grammes  of  the  material  shall  be  distilled  rapidly  in 
a  retort  to  a  dry  coke.  Five  grammes  of  the  distillate  shall  then  be 
thoroughly  mixed  in  a  60-cu.  cm.  (2.029-oz.)  flask  with  25  cu.  cm. 
(0.845  oz.)  of  Squibbs'  absolute  ether.  Twenty-five  cu.  cm.  (0.845  oz.) 
of  Squibbs'  absolute  alcohol  shall  then  be  added,  and  the  flask  packed 
closely  in  a  freezing  mixture  of  finely  crushed  ice  and  salt  for  at 
least  30  min.  The  precipitate  shall  be  filtered  out  quickly  with  a 
suction  pump,  using  a  No.  575  C.  S.  and  S.  9-cm.  hardened  filter  paper. 
The  flask  and  precipitate  shall  then  be  rinsed  and  washed  with  a  mix- 
ture of  equal  parts  of  Squibbs'  alcohol  and  ether  cooled  to  —  17°  cent. 
(1°  Fahr.)  until  free  from  oil  (50  cu.  cm.  (1.691  oz.)  of  washing 
solution  is  usually  sufficient).  When  sucked  dry,  the  filter  paper  shall 
be  removed  and  the  waxy  precipitate  transferred  to  a  small  glass  disk 
and  evaporated  on  a  steam  bath.  The  residue  (paraffin)  remaining  on 
the  disk  shall  be  weighed,  and  from  this  weight  the  percentage  on  the 
original  5-gramme  sample  shall  be  calculated. 

Specific  Gravity  at  38°  Cent,  of  Wood  Block  Preservative.* 

A  standardized  hydrometer  shall  be  used.  A  set  of  two  with  ranges 
1.00  to  1.08,  and  1.07  to  1.15  will  suffice.  Before  taking  the  specific  grav- 
ity, the  oil  in  the  cylinder  should  be  stirred  thoroughly  with  a  glass  rod, 
and  this  rod  when  withdra^vn  from  the  liquid  should  show  no  solid 
particles  at  the  instant  of  withdrawal.  Care  should  be  taken  that  the 
hydrometer  does  not  touch  the  sides  or  bottom  of  the  cylinder  when 
the  reading  is  taken,  and  that  the  oil  surface  is  free  from  froth  and 
bubbles.  If  the  specific  gravity  is  determined  at  a  higher  temperature 
than  desired,  correction  should  be  made  by  adding  0.0008  to  the  reading 
for  each  degree  centigrade  excess  of  temperature. 

Solubility  in  Benzol  or  Chloroform  of  Wood  Block  Preservative. 

From  5  to  10  grammes  of  the  water-free  oil  is  weighed  out  into  a 
weighed  100-c.c.  (3.38-oz.)  beaker;  50  c.c.  (1.69  oz.)  of  the  solvent  is 
added,  and  the  solution  is  passed  through  a  weighted  9-cm.,  C.  S.  and 
S.,  No.  575  filter  paper  in  a  short-stemmed  funnel,  the  filtrate  being 
passed  into  the  flask  to  be  subsequently  used  for  the  hot  extraction.  The 
beaker  is  washed  clean  from  all  soluble  matter,  dried,  and  weighed. 
The  funnel,  with  filter  paper  and  contents,  is  then  placed  in  a  N.  Y. 
T.  L.  or  Underwriter's  form  of  glass  extraction  apparatus,  and  heat 

•Modification  of  method  proposed  In  1915  by  Committee  D-7  on  "Standard 
Specifications  for  Timber",  of  the  Am.  Soc.  for  Testing  Materials. 
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is  applied  from  a  water-bath  or  hot  plate  until  the  extraction  is  com- 
plete and  the  filtrate  runs  through  colorless.  The  filter  and  contents 
are  then  dried  and  weighed.  The  increase  in  weight  is  added  to  the 
increase  in  weight  of  the  beaker,  if  any,  the  result  being  the  weight 
of  the  insoluble  matter.  The  weight  of  the  insoluble  matter  thus 
found  is  subtracted  from  the  weight  of  the  material  taken  for  analysis. 
The  difference  in  weight  is  the  weight  of  the  soluble  matter,  from 
which  the  percentage  is  calculated. 

Water  Content  of  Wood  Block  Preservative. 

From  250  to  300  c.e.  (8.45  to  10.14  oz.)  of  the  oil  is  weighed  out 
into  a  500-c.c.  glass  retort,  or  into  a  small  copper  still,  provided 
with  a  distilling  head.  Heat  is  applied  with  a  ring  burner,  starting 
with  a  small  flame  at  the  top  of  the  still,  and  gradually  lowering  it 
until  all  the  water  has  been  driven  off.  The  distillate  of  oil  and  water 
is  collected  in  a  graduated  separatory  funnel,  the  volume  of  water,  in 
cubic  centimeters,  is  read,  and  its  percentage  computed  by  vohime.  The 
water  is  then  drawn  off  and  the  oils  are  returned  to  the  residue  in  the 
still.  The  contents  of  the  still  shall  have  cooled  to  below  100°  cent. 
(212°  Fahr.)  before  the  oils  are  returned,  and  they  shall  be  well  stirred 
and  mixed  with  the  residue. 

Distillation  Test  for  Wood  Block  Preservative.* 
Apparatus  for  Distillation  Test. 

Retort. — This  shall  be  a  tabulated  Jena  glass  retort  of  the  usual 
form,  with  a  capacity  of  250  to  290  c.c.  (8.45  to  9.8  oz.).  The  capacity 
shall  be  measured  by  placing  the  retort  with  the  bottom  of  the  bulb 
and  the  end  of  the  offtake  in  the  same  horizontal  plane,  and  pouring 
water  into  the  bulb  through  the  tubulature  until  it  overflows  the  offtake. 
The  quantity  remaining  in  the  bulb  shall  be  considered  as  its  capacity. 

Shield.~An  asbestos  shield  shall  be  used  to  protect  the  retort  from 
air  currents  and  to  prevent  radiation.  This  may  be  covered  with  gal- 
vanized iron,  as  such  an  arrangement  is  more  convenient  and  more 
l>ermanent. 

Receivers. — Erlenmeyer  flasks  of  from  50  to  100  c.c.  capacity  are  of 
the  most  convenient  form. 

Thermometer. — The  thermometer  shall  be  of  glass,  well  annealed, 
and  shall  undergo  no  serious  change  at  the  zero  point  when  heated 
up  to  400°  cent.  The  space  above  the  mercury  column  shall  be  filled 
with  gas,  either  carbon  dioxide  or  nitrogen,  and  the  thermometer  shall 
have  an  expansion  chamber  at  the  top.  The  scale  shall  read  from 
0  to  400°  cent.,  in  graduations  of  1°  cent.,  which  shall  be  etched  on 
the  stem.      The  tip  of   the   thermometer   shall   carry   a   ring   for   the 

•Modification  of  method  proposed  in  3  915  by  Committee  D-7  on  "Standard 
Specifications  for  Timber",  of  the  Am.  Soc.  for  Testing  Materials. 
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purpose  of  attaching:  tags.     The  thermometer  shall  have  the  following 
dimensions : 

Total  length,  375  mm.;  tolerance,  10  mm. 

Bulb  length,  14  mm.;  tolerance,  1  mm. 

Distance  from  zero  mark  to  bottom  of  bulb.  30  mm. ;  tolerance,  4  mm. 

Scale  length  from  zero  mark  to  400°  cent,  295  mm. ;  tolerance,  5  mm. 

Diameter  of  stem,  7  mm. ;  tolerance,  1  mm. 

Diameter  oH  bulb.  0  nun.;  tolerance,  1  mm. 

When  st^uulanlizt'd.  tlie  accuracy  of  such  standardization  should  be 
as  follows : 

Up  to  200°  cent to  the  nearest  0.5°  cent. 

200  to  300°     "    "     "  "         1.0°     " 

300  to  3G0°     ''     "     "  ••         1.5°     " 

Assembling  for  Distillation  Test. 

The  retort  sliall  be  supported  on  a  tripod  or  rings  over  two  sheets 
of  20-mesh  gauge,  15.24  cm.  (G  in.)  square.  It  shall  be  connected  to 
the  condenser  tube  by  a  tight  cork  joint.  The  thermometer  shall  be 
inserted  through  a  cork  in  the  tubulature,  with  the  bottom  of  the 
bulb  1.27  cm.  (i  in.)  from  the  surface  of  the  oil  in  the  retort.  The 
exact  location  of  the  thermometer  bulb  shall  be  determined  by  placing 
a  vertical  rule,  graduated  in  divisions  not  exceedins,-  0.10  cm.  (j',^  in.), 
back  of  the  retort  when  the  latter  is  in  position  for  the  test,  and 
sighting  the  level  of  the  liquid  and  the  point  for  the  bottom  of  the 
thermometer  bulb.  The  distance  from  the  bulb  of  the  thermometer 
to  the  outlet  end  of  the  condenser  tube  shall  be  not  more  than  GO. 96  cm. 
(24  in.)  nor  less  than  50.8  cm.  (20  in.).  The  burner  should  be  pro- 
tected from  drafts  by  a  suitable  shield  or  chimney. 

Distillation  Test. 

Exactly  100  grammes  of  oil  shall  be  weighed  into  the  retort,  the 
apparatus  shall  be  assembled,  and  heat  applied.  The  distillation  shall 
be  conducted  at  the  rate  of  at  least  one  drop,  and  not  more  than  two 
drops,  per  second,  and  the  distillate  collected  in  weighed  receivers. 
The  condenser  tube  shall  be  warmed  whenever  necessary,  to  prevent 
accumulation  of  solid  distillates.  Fractions  shall  be  collected  at  the 
following  points : 

Up  to  170°  cent  (338°  Fahr.),  170-200°  cent  (338-392°  Fahr.), 
200-210°  cent  (392-410°  Fahr.),  210-235°  cent.  (410-455°  Fahr.),  235- 
270°  cent.  (455-518°  Fahr.),  270-300°  cent  (518-572°  Fahr.),  300-315° 
cent  (572-599°  Fahr.),  315-355°  cent  (599-671°  Fahr.). 

The  receivers  shall  be  changed  as  the  mercury  passes  the  dividing 
temperature  for  each  fraction.     The  last  receiver  shall  be  removed  at 
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355°  cent.  (071°  Fahr.),  and  drainage  from  the  condenser,  etc.,  shall 
not  be  considered  as  part  of  the  fraction.  For  weighing  the  receivers 
and  fractions,  a  balance  accurate  to  at  least  0.05  gramme  shall  be 
used.  During  the  progress  of  the  distillation  the  thermometer  shall 
remain  in  its  original  position.  No  correction  shall  be  made  for  the 
emergent  stem  of  the  thermometer. 

When  any  measurable  quantity  of  water  is  present  in  the  distillate, 
it  shall  be  separated  as  nearly  as  possible  and  reported  separately,  all 
results  being  calculated  on  a  basis  of  dry  oil.  When  more  than  2% 
of  water  is  present,  water-free  oil  shall  be  obtained  by  separately  dis- 
tilling a  larger  quantity,  returning  any  oil  carried  over  with  the  water, 
and  using  dried  oil  for  the  final  distillation.  A  copper  tar  still  is  a 
convenient  implement  for  obtaining  water-free  oil. 
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OF   THE 

SPECIAL   COMMITTEE 

ON  STEEL  COLUMNS  AND  STRUTS* 


The  Special  Committee,  authorized  by  vote  of  this  Society,  "to 
consider  and  report  upon  the  design,  ultimate  strength,  and  safe 
working  values  of  steel  columns  and  struts",  was  organized  in  January, 
1909,  with  eleven  members,  as  follows: 

Alfred  P.  Boller,  Frank  C.  Osborn, 

Austin  L.  Bowman,  George  H.  Pegram, 

Emil  Gerber,  Lewis  D.  Eights, 

Charles  F.  Loweth,  George  F.  Swain, 

Ralph  Modjeski,  Emil  Swensson, 

J.  P.  Worcester. 

Austin  L.  Bowman  was  elected  Chairman,  and  Lewis  D.  Rights, 
Secretary. 

Since  that  time,  Alfred  P.  Boller,  Emil  Gerber,  and  Austin  L. 
Bowman  have  died.  They  had  brought  ripe  experience  and  enthusiastic 
interest  to  the  work  of  the  Committee,  and  its  members  desire  at  this 
time  to  record  their  appreciation  of  the  invaluable  work  which  these 
three  gentlemen  did  wliile  they  were  with  us.  «Taines  H.  Edwards, 
Rudolph  P.  Miller,  and  C.  W.  Hudson  were  appointed  to  fill  vacancies. 
Frank  C.  Osborn  and  Rudolph  P.  Miller  have  resigned  from  the 
Committee,  on  account  of  the  pressure  of  other  important  duties. 
George  H.  Pegram,  who  served  as  Chairman  after  the  death  of  Austin 
L.  Bowman,  resigned  from  the  Committee  upon  being  elected  President 
of  the  Society,  bvit  has  continued  to  take  an  interest  in  the  work  as 
an  ex  officio  member.  Your  Committee  now  consists  of  eight  mem- 
bers, as  will  be  seen  by  the  list  at  the  end  of  this  report. 

*  To  be  presented  to  the  Annual  Meeting,  January  16th,  1918. 
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During  1909  the  Committee  collected  literature  on  the  subject  of 
column  tests,  and  tabulated  and  diagrammed  the  records  of  tests  on 
columns  with  cross-sections  of  more  than  5  sq.  in.  in  area.  This  infor- 
mation was  presented  as  a  Progress  Report  to  the  Annual  Meeting 
in  1910.*  The  report  expressed  the  opinion  that  these  data  were  not 
adequate,  and  that  further  tests  were  necessary. 

During  1909  Congress  authorized  the  construction  of  a  large  testing 
machine  at  Washington,  and  the  Bureau  of  Standards,  Dr.  S.  W. 
Stratton,  Director,  offered  to  make  a  series  of  tests  on  columns  as  soon 
as  the  machine  was  completed,  the  expense  to  be  borne  by  the  United 
States  Government.  The  Committee  and  Dr.  Stratton  conferred  as  to 
the  nature  of  the  tests,  and  the  Committee  outlined  the  programme  of 
a  series  of  nine  types  of  test  cohmms,  Figs.  1,  2,  and  3.  Owing  to 
delays  in  constructing  the  machine,  and  difficulties  in  secviring  the 
special  steel,  the  testing  of  the  columns  did  not  begin  until  January, 
1914. 

So  as  to  provide  a  permanent  record  of  the  methods  used,  the 
Committee  republishes  below  portions  of  the  Progress  Report  of  1915, 
as  follows : 

Testing  Machine  and  Instruments. 

All  the  tests  have  been  made  at  the  Bureau  of  Standards,  with  an 
Emery  testing  machine,  which  was  authorized  by  Congress  on  March 
4th,  1909,  and  was  accepted  in  1913.     Its  capacity  is  as  follows : 

Tension 1 150  000  lb. 

Compression 2  300  000  lb. 

Extreme  lengtli  between  heads-: 

Tension 34  ft.  4  in. 

Compression 33  ft.  If  in. 

Clearance  between  screws 4     ft.  6  in. 

Length  of  stroke  of  ram 5     ft. 

It  will  be  seen  from  Fig.  4  that  it  has  two  heads,  one  fixed  and 
the  other  movable,  on  two  straining  screws,  each  12  in.  in  diameter. 
The  hydraulic  ram  which  furnishes  tbe  pressure  is  in  the  movable 
head,  and,  as  the  stroke  is  only  5  ft.,  it  is  necessary  to  adjust  this 
head  for  columns  of  different  lengths.  The  weighing  is  done  from 
the  fixed  bead  of  the  machine. 

The  weighing  device,  which  is  peculiar  to  the  Emery  machines, 
consists  of  a  specially  constructed  hydraulic  support  in  the  fixed  head 
of  the  machine,  which  is  connected  with  a  smaller  hydraulic  chamber 
in  the  scale  case.  The  load  on  the  test  specimen  is  transmitted 
directly  to  the  oil  in  the  hydraulic  support,  and  by  hydrostatic  pres- 
sure is  transmitted  to  the  hydraulic  chamber  which  actuates  the  levers 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXVI,  p.  401. 
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of  the  weighing  scale.     These  levers  are  all  of  the  plate-fulcra  type, 
characteristic  of  all  Emery  testing  machines. 

The  construction  of  the  hydraulic  support  and  chamber  is  such 
that  a  movement  of  0.01  in.  of  the  brass  diaphragms  is  sufficient  to 
register  the  full  capacity  of  the  machine.  By  use  of  these  diaphragms 
and  guiding  rings,  friction  of  the  parts  is  eliminated. 

The  programme  calls  for  all  the  tests  to  be  made  with  square- 
ended  columns,  and  this  is  done  by  providing  cast-steel  bearing  blocks 
at  each  head,  which  bear  directly  against  the  columns.  Considerable 
difficulty  has  been  found  in  securing  bearing  blocks  of  sufficient  ac- 
curacy, and  it  was  necessary  for  the  Bureau  to  go  over  all  the  blocks 
and  dress  them  to  a  surface  with  a  variation  of  not  more  than  plus  or 
minus  0.001  in. 

For  measuring  the  compressions  on  the  longitudinal  axis  of  the 
columns,  compressometers  were  used,  which  consisted  of  a  bar,  fixed 
at  one  end  to  the  column,  and  the  other  end  connected  with  a  micro- 
meter gauge,  which  reads  by  estimate  to  ten-thousandths  of  an  inch. 
This  gauge  was  equipped  with  an  electrical  buzzer,  which  enabled  the 
operator  always  to  secure  an  equal  contact.  At  the  beginning  of  the 
series,  wood  bars  were  used,  but,  owing  to  the  length  of  time  taken 
in  making  a  test,  it  was  decided  to  substitute  hollow  steel  bars,  in 
order  to  avoid  any  possibility  of  changes  due  to  moisture  and  tem-. 
perature. 
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The  local  stresses  were  measured  with  a  Berry  strain  gauge,  which 
is  made  with  a  pair  of  Invar  steel  bars  some  10  in.  long,  with  a  fixed 
point  at  one  end  and  a  movable  point  with  a  bell-crank  at  the  other 
end.  The  horizontal  arm  is  connected  with  an  Ames  dial  gauge, 
which  reads,  with  the  multiplication  of  the  bell  crank,  to  0.0002  in., 
and  by  estimating  to  0.00002  in.  The  nominal  length  between  the 
contact  points  of  this  strain  gauge  is  8  in. 

The  strain  gauge  measurement  was  made  in  the  usual  way,  viz., 
two  holes  were  drilled,  8  in.  apart,  using  a  No.  55  drill,  and  then 
countersunk  with  a  tool  having  an  angle  of  about  110  degrees.  This 
insures  a  good  shoulder  for  the  points  on  the  strain  gauge,  which  is 
highly  essential  for  accurate  work  with  this  type  of  instrument. 
Experienced  operators  can  secure  very  uniform  readings  within  limits 
of  plus  or  minus  0.0002  in. 

Originally,  the  horizontal  and  vertical  deflections  of  the  column 
under  test  were  measured  with  a  piano  wire,  with  a  spring  tension 
which  was  fastened  to  plugs  set  in  each  end  of  the  column.  Measure- 
ments were  taken  at  the  center  by  scales.  It  was  found  that  when 
the  ends  of  the  column  began  to  deflect,  or  warp,  the  local  bends  were 
transmitted  to  the  wire,  and  this  method  was  then  improved  by 
stretching  the  wire  from  a  fixed  frame  below  the  column.  The  dif- 
ficulty in  securing  accurate  measurements  from  the  wire  to  the  column 
within  limits  of  plus  or  minus  0.01  in.  still  remained,  and  it  was 
finally  overcome  by  abandoning  the  longitudinal  wire  entirely,  and 
connecting  the  column  at  the  center  with  two  dial  gauges  reading  to 
0.001  in.,  which  were  supported  on  frames,  independent  of  the  column. 
Tension  wires  perpendicular  to  the  longitudinal  axis  of  the  column 
transmitted  the  horizontal  and  vertical  movements  to  the  two  gauges. 
Two  operators  were  employed  in  manipulating  the  gauges,  and,  due  to 
the  length  of  time  required  to  read  these,  some  slight  flow  of  metal  may 
have  taken  place  during  the  reading,  but  this  was  hardly  sufiicient  to 
change  the  general  result. 

Test  Columns. 
The  Progress  Report  of  the  Committee,  of  January  15th,  1013,* 
shows  the  column  sections  which  the  Committee  proposed  to  use, 
together  with  the  chemical  and  physical  properties.  The  diagram 
of  these  sections  and  the  properties  are  incorporated  with  the 
present  report.  In  addition,  it  should  be  noted  from  this  report  that 
the  programme  was  "arranged  with  the  intention,  as  far  as  practicable, 
of  eliminating  all  variables  except  that  of  form",  and  was  subdivided 
so  as  to  consider  the  effect  of  light  and  heavy  sections.     Three  columns 

of  eacli  slenderness   ratio,  50,  85,  and   120  of      ,     were    provided   for 

r 

*  Proceedings,  Am.   Soc.  C.   E.,   for  February,    1913. 
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all   shapes,   making'  nine  light  sections   and   nine  heavy   sections,   for 
each  particular  form  of  column,  or  a  total  of  144  test  columns. 

In  addition  to  these,  the  Bureau  of  Standards  has  provided  eighteen 
columns  of  Bethlehem  H -sections,  and  eighteen  columns  of  Carnegie 
6-in.  and  8-in.  H -sections. 

Table  of  Chemical  and  Physical  Properties  for  Special 
Specifications  for  Uniform  Quality  Structural  Steel 
for  Comparative  Column  Tests  for  the  Bureau  of 
Standards,  U.   S.  Government. 

Material. — Basic  open-hearth  structural  steel. 
Chemical. — Uniformity  is  paramount,  and  must  be  aimed  for. 
Carbon. — The   percentage   of   carbon    must   not   vary   more   than    just 
to  insure  the   desired  physical  properties  in  required  sections  of 
material. 

Manganese 0.40%  min.  and  0.50%  max. 

Phosphorus    0.00%  min.  and  0.03%  max. 

Sulphur    0.00%  min.  and  0.04%  max. 

Silicon    0.00%  min.  and  0.10%  max. 

Nickel 0.00%  min.  and  0.05%  max. 

Chromium    0.00%  min.  and  0.05%  max. 

Copper    0.00%  min.  and  0.03%  max. 

All  possible  others 0.00% 

Physical. — The  desired  physical  properties  must  be  aimed  for. 

Ultimate  tensile  strength.  .  .Desired,  60  000  lb.  per  sq.  in.  (may 

vary  1  500  lb.  either  way). 
Elastic  limit  (yield  point).  .Desired,  38  000  lb.  per  sq.  in.  (may 

vary  1  000  lb.  either  way) . 
Elongation  in  8  in Desired,  28%  (may  vary  2%  either 

way). 
Reduction   in   area Desired,  56%   (may  vary  4%  either 

way). 

Character  of  fracture Silky,  cup. 

Coldbend  without  fracture.  .180°,  flat,  on  itself. 

During  the  rolling  of  the  material  at  the  mill,  and  the  fabrication 
at  the  shop,  the  inspectors  of  the  Bureau  of  Standards  investigated 
the  various  processes,  making  notes  of  the  different  conditions  to  which 
the  material  was  subjected.  Care  was  taken  that  the  material  met  the 
rigid  specifications,  and  although  some  variations  were  allowed,  it  was 
only  with  the  special  permission   of  the  Committee. 

In  addition  to  the  material  required  for  building  the  columns,  the 
Bureau  of  Standards  ordered  additional  pieces,  5  ft.  long,  of  each  shape 
and  from  each  melt,  so  as  to  have  an  extra,  lot  of  unworked  material 
on  hand   for  special  physical   and  chemical   tests.     The  physical   and 
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chemical  tests  were  first  made  on  all  shapes  by  the  manufacturer,  and 
were  then  checked  at  the  laboratory  of  the  Bureau  of  Standards,  at 
Pittsburgh. 

It  will  be  noted  from  the  diagrams  (Figs,  1,  2,  and  3)  showing  the 
cross-sections  of  the  columns  that  the  rivets  were  all  of  standard  size, 
the  smallest  being  i  in.  and  the  largest  |  in.  in  diameter,  and  the 
rivet  spacing  called  for  four  diameters  throughout  the  total  length  of 
the  columns.  It  was  the  intention  of  tlie  Committee  to  over-rivet  the 
sections,  so  as  to  insure  the  parts  acting  together  as  a  whole.  So 
far,  in  no  case  has  a  failure  occurred  due  to  a  bulging  of  the  material 
between  rivets.  Where  the  specimens  have  been  compressed,  in  order 
to  emphasize  the  method  of  failure,  the  rivets  in  all  cases  have  re- 
mained tight. 

In  general,  the  shop  work  may  be  described  as  being  uniformly 
good,  and  better  than  the  average  commercial  grade.  The  ends  were 
dressed  square  to  the  longitudinal  axis  of  the  column,  but  in  almost 
all  cases  it  was  found  necessary  to  re-dress  them,  owing  to  the 
fact  that  the  ordinary  commercial  milling  machine  gives  too  rough 
a  cut  to  insure  complete  bearing  over  the  whole  surface  of  the  end 
cross-section  of  the  column.  After  the  test  column  was  placed  in 
the  machine,  special  attention  was  given  to  insure  a  uniform  bearing 
by  applying  loads  of  about  1  000  lb.  per  sq.  in. 

The  investigation  of  the  test  columns  developed  variations  in 
their  sectional  areas,  these  amounting,  in  extreme  cases,  to  as  much 
as  4%  from  the  nominal  area.  In  order  to  determine  the  correct  area, 
the  shapes  were  first  calipered  at  the  ends  of  the  columns,  and  the 
variations  noted.  Prints  of  both  ends  were  taken  by  blacking  the 
ends  and  pressing  white  paper  against  them.  The  area  was  then 
determined  by  running  a  planimeter  around  the  inside  and  outside 
perimeters.  Finally,  the  column  was  weighed,  the  weight  of  the  rivet 
heads  was  deducted,  and  the  area  was  determined  by  the  specific 
gravity  of  the  material.  This  area,  after  being  compared  and  checked 
with  the  results  of  the  other  two  methods,  was  adopted  as  the  correct 
one  to  be  used  in  determining  the  unit  loadings.  Wien  the  column 
was  put  in  the  machine,  before  being  tested,  it  was  carefully  examined 
for  loose  rivets,  scale,  or  any  other  conditions  which  might  affect  its 
strength,  and,  during  progress  of  the  tests,  rivets  were  tried  and  any 
scaling  was  noted.  After  the  column  was  placed  in  the  machine,  a 
nominal  load,  of  sufiieient  amount  to  insure  its  being  held  to  the 
proper  bearings,  was  applied,  and  the  compressometers  were  attached. 

I 
For  the   —  ratio   of  .'SO,  85,  and  120,  the  test  pieces  ran  on  an  average 

of  10,  16,  and  23  ft.  long,  and  the  compressometers  were  arranged 
respectively  with  bars  50,  100,  and  150  in.  long.    The  two  tests  given* 

*  The  details  of  these  tests  will  be  given  later. 
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will  indicate  the  details  of  applying  the  loads,  and,  as  stated  before, 
after  each  increment  of  1  000  lb.  per  sq.  in.  had  been  applied,  sufficient 
time  was  given  to  read  the  various  strain  gauges. 

Failure  of  the  cohimn  was  first  indicated  by  the  dial  gauges,  which  ' 
rt>gistored  a  rapid  increase  of  th»!  detleetiun  at  the  center,  and  by 
the  unbalancing  of  the  scale  beam,  which  showed  a  falling  off  of 
resistance  to  compression.  With  the  exception  of  some  additional 
scaling,  the  column  at  this  time  showed  no  apparent  change,  and  the 
pressure  could  be  maintained  for  several  minutes  before  it  had  a  per- 
ceptible bond. 

As  soon  as  the  maximum  loading  was  reached,  the  instruments 
were  taken  off,  and  one  column  of  each  series  of  three  was  further 
compressed,  so  as  to  emphasize  the  failure,  and  a  photograph  was  taken 
to  indicate  how  the  column  failed. 

Methods  ok  Testing. 

After  the  material  was  ready  lV)r  the  beginning  of  the  pro- 
jiranune  of  testing,  a  conference  was  held  between  the  physicists 
of  the  Bureau  of  Standards  and  a  Sub-Committee  of  the  Column 
Committee  as  to  the  methods  of  applying  the  loads  and  measuring 
the  strains.  A  general  outline  of  the  instructions  to  the  Engi- 
neer in  Charge  was  agreed  upon,  and  this  outline  is  given  below. 
Thus  far  it  has  not  been  necessary  to  make  any  marked  changes  in 
the  methods.  On  certain  tests,  variations  have  been  introduced,  at 
the  request  of  the  Committee,  or  at  the  suggestion  of  the  physicist, 
but,  thus  far,  these  have  not  produced  enough  variation  from  the  gen- 
eral result  to  warrant  their  continuance. 

Outline  of  I  instructions  for  Testing. — Columns  shall  be  weighed 
and  gauged  for  sizes  before  being  tested.  In  addition,  inspection 
shall  be  made  to  determine  the  condition  of  the  riveting,  in 
order  to  see  that  the  pieces  are  properly  drawn  together,  especial 
note  being  made  of  any  local  conditions  where  the  riveting  has 
failed  to  do  this.  Observations  shall  also  be  recorded  where  the 
pieces  at  the  ends  of  the  members  have  been  bent.  General  align- 
ment, waves  in  pieces  or  in  the  colunm  as  a  whole,  kinks,  or  any 
other  special  condition  shall  be  noted. 

The  ends  of  the  columns  shall  be  dressed  fiat  ti>  reduce  the  amount 

of  shimming  to  a  minimum. 

I 
The  two  lonirer  series  of  columns,  that  is,  those  of  Mfi  and  120     , 

/■ 

shall  be  counterweighted  at  the  middle  by  an  amount  equal  to  one-half 
of  the  total  weight  of  the  column. 

Strain  gauge  measurements  along  the  length  of  the  colunm,  at 
points  from  8  to  10  in.  apart,  shall  be  made  at  the  center  of  the 
column  and  near  both  ends.     The  gauge  points  at  the  ends  shall  be 
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placed  far  enough  away  to  avoid  effects  of  local  distortion  due  to  tlie 
taking  up  of  the  stresses.  These  strain  gauge  measurements  shall  be 
made  at  each  of  the  four  corners  of  the  column  and  at  the  center  of 
tlie  webs  and  flanges.  Special  shapes,  such  as  the  Z-bar  and  bulb  angle 
shape  columns,  may  require  variations  from  this  general  rule  in  order  to 
determine  the  variation  in  stress  in  the  different  parts  of  the  column. 

Compressometer  measurements  shall  also  be  made  on  longer  lengths, 
of  from  50  to  150  in.,  in  order  to  check  the  short  strain  gauge  measure- 
ments. Four  of  these  will  be  made  on  each  column — two  on  the 
corners  and  one  on  the  center  of  the  flange,  and  one  on  the  center 
of  the  web. 

Deflection  observations  shall  be  made  on  the  horizontal  and  ver- 
tical movements  at  the  middle  of  the  length  of  each  test  piece. 

The  condition  of  the  cross-section  of  the  column  shall  be  deter- 
mined by  calipering  the  two  open  sides  before  applying  the  initial 
load,  and  at  intervals  of  loading  of  5  000  lb.  per  sq.  in.,  in  order  to 
determine  any  change  in  the  shape  of  the  cross-section.  This  shall 
be  done  in  as  many  places  as  may  be  necessary. 

Initial  loads  of  1  000  lb.  per  sq.  in.  each  shall  be  applied,  and  com- 
pression loads  of  5  000,  10  000,  and  15  000  lb.  per  sq.  in.  each,  returning 
to  the  initial  load  and  determining  permanent  sets;  from  15  000  lb. 
proceeding  with  increments  of  1  000  lb.  per  sq.  in.  each,  determining 
permanent  sets  after  loads  of  20  000  and  25  000  lb.  per  sq.  in. ;  also  at 
30  000  lb.  per  sq.  in.,  if  these  several  loads  are  reached  before  the 
column  fails. 

Horizontal  and  vertical  deflections  of  the  columns  shall  be  observed 
at  the  time  the  longitudinal  compressions  and  sets  are  measured.  The 
general  direction  tak^en  by  the  column  when  it  fails,  and  whether  due 
to  deflection  as  a  whole  or  local  buckling,  shall  be  noted. 

Careful  observations  shall  be  made  where  the  column  first  begins 
to  scale,  also  the  lines  of  scale.  After  failure,  record  the  conditions 
of  the  rivets  around  the  distortion  points  to  see  if  any  of  these  rivets 
are  loose. 

After  the  ultimate  load  has  been  reached,  at  least  one  column  of 
each  cross-section  and  length  shall  be  compressed,  to  emphasize  the 
manner  of  failure. 

In  general,  photographs  shall  be  taken  of  one  column  of  each  cross- 
section  and  length  when  the  ultimate  load  has  been  reached,  and  in 
addition  a  photograph  of  each  column  on  which  the  failure  has  been 
emphasized. 

Examples  of  Tests. 

The  Committee  gives  the  record  of  two  of  the  tests,  *]Sros.  30  and 
54,  which  contain  the  information  as  furnished  by  the  Bureau  of 
Standards. 

*  Plates  LVI  and  LVIL 
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TABLE  1. 


ABSTRACT  OF  RECORD  OF  COLUMN  TESTS. 

TYPES  l&IA  -ISIASPECIAL. 


Ti^pt 

Test 
no. 

Sect/on. 

flctU3l 

/irea 

[fcldiU5 

of 
Oyration 

Lenifii 

I 

r 

Unit 
Ultimate 
Stren^tti. 

Averj^ 
Ultimate 
Stren^tfi. 

deflection  in  indies 
atttie  twiddle  of  Columns  at  tfie 
Reading  just  before  Failure. 

1. 

8 

38 
77 

18 
84 
85 

30 
56 
69 

■  Ll^trt  Sections 

!/? 

II 
_ll_ 

4L^5x3Uim''" 
/P/.6xi"J.87S 
Tot3i:  11.475"" 

11.13 

2.Z4 

9'-4" 

50 

32400 

0.035  S 

0.000 

11.17 

II 

II 

" 

32800 

32700 

0.07     S 

01000    Up. 

11.13 

II 

II 

II 

33000 

0.050  N. 

0.0313    Up. 

11.49 

II 

15^10^' 

85 

32100 

0.12      S 

0.05        Up. 

1149 

II 

II 

II 

31400 

31200 

0.0252  5. 

0.1281  Down. 

11.35 

II 

II 

II 

30000 

0.0626N. 

01368     Up. 

11.20 

« 

zz^a'M 

120 

28600 

0.000 

0.060  Donn. 

11.14 

i> 

II 

ti 

27600 

28300 

0.1175  S. 

01091      Up. 

11.30 

II 

It 

II 

28700 

0.0135  N. 

OI785Dom. 

/ft 

S3 
36 
97 

91 
94 
95 

9Z 
98 
99 

Heavy  Sections. 

ft  — ir—  f\ 

4L^5"x^xl"j8.44°" 
1  PI. 6x5' 3.75 
Total^ZZId"" 

22.25 

2.36 

9'- 10" 

50 

29000 

0.0080  S. 

00574  Down. 

22.13 

>• 

II 

II 

28900 

29200 

0.0731  N. 

0.0457   Up. 

ZZZS 

It 

II 

II 

29700 

0.0653  N. 

0.000Z    Up. 

ZZ.I34 

II 

l6'-8% 

85 

28000 

0.0475S. 

0.0883    Up. 

2I.9Z 

II 

II 

!t 

28200 

28100 

0.4053  N. 

0.2636    Up. 

Z2.05 

II 

II 

II 

Z8000 

0.0764N. 

0.0825Down. 

22.15 

II 

Z3'-7% 

120 

25000 

0.1430  5. 

0.2923Dom. 

2210 

II 

II 

II 

25500 

25400 

0.3863  N. 

0.0762   Up. 

22.10 

II 

ti 

II 

25800 

0.1326  N. 

00606  Down 

1 
Spec 

85ft 
84fl 

ma 

Li^tit  Sections 
as  above. 

11.35 

2.24 

3'-83// 

20 

35100 

0.0089N 

0.0600Down. 

11.49 

II 

II 

II 

38000 

36400 

0.0Z30S. 

0.03/3    Up. 

11.49 

II 

II 

II 

36100 

0.0141  S. 

O.OI20Down. 

Ift 
bpec 

93A 
98A 
983 

Heavy  Sections 
as  above. 

ZZIO 

2.36 

3^IIM' 

20 

45000 

0.0209S. 

O.OI57Down. 

II 

II 

II 

II 

44100 

44400 

0.0177  N 

O.OmOown. 

II 

II 

II 

II 

44100 

0.0031  N. 

0.0229   Up. 

24:22 


STEEL   COLUMNS   AND   STKUTS 


[Papers. 


TABLE  2. 


ABSTRACT  OF  RECORD  OF  COLUMN  TESTS. 
TYPES  2<S2A-3S3A 


Type 

Test 
no. 

Section. 

Actual 
Area 

Hadius 
WStion 

Lentlh 

I 

r 

Unit 
Ultimate 
Sirentth 

Average 
Ultimate 
Strength 

Deflection  in  inches 
atthe  Middle  ol Columns  atthe 
Headingjust  before  Failure 

Z 

II 
41 
43 

21 
59 
65 

32 
54 
70 

Li^ht  Sections. 
2-6"§xl0.5-lb^ai8 

10.06 

Z.3I 

9'-7)^' 

50 

33100 

0.08    S. 

0.00 

10.15 

II 

II 

II 

34000 

33200 

0.0024N. 

0.0374  Up. 

10.06 

II 

II 

II 

32400 

0.0460  S 

0.0441    Up. 

9.92 

II 

i6'-4yd 

85 

33700 

0.12     S. 

0.04       Up. 

987 

II 

II 

II 

32300 

32600 

0.1195  N. 

0.0195    Up. 

10.05 

II 

II 

II 

31700 

0.0627N. 

0.0927Down 

ZPm"xi 
Total 

'L4.00 

..10.18"" 

10.01 

II 

23'-lM 

120 

28300 

0.27   S 

012       Up. 

1009 

II 

II 

II 

28700 

29300 

0.2750  S. 

0.0583  Up 

10.07 

II 

II 

II 

30900 

0.I7Z5N. 

O.Om  Up 

Zf\ 

101 
124 
165 

145 
146 
151 

135 
136 
137 

Heavy  Sections. 

\/\ 
2-6"Bxl5.5-lb.9.l2"^' 
2m8H=8.00 
Total  =.17.12°" 

17.07 

2.33 

9^8^' 

50 

32200 

0.0318  N. 

0.0360   Up 

17.07 

" 

It 

II 

32500 

32300 

0.0052N. 

0.0044  Up 

1696 

II 

II 

II 

32300 

01905  S. 

0.0131     Up 

17.07 

II 

te'-ehu 

85 

30700 

0.0416  N. 

0.0820Down 

1702 

" 

II 

II 

30000 

30600 

0.0606  S. 

0.0731    Up 

1711 

II 

II 

II 

31000 

0.0312  5. 

0.0078Down 

17.04 

II 

23'-3% 

120 

28500 

0.0668S. 

0.0298    Up 

17.02 

II 

II 

II 

28800 

28100 

0.1315  S. 

0.1942    Up 

17.08 

II 

II 

II 

27000 

0:1503  N. 

0.0339 Down 

3 

1 
2 
42 

14 
87 
88 

24 
35 
47 

Liiht  Sections. 

8.71 

2.34 

9'-9" 

50 

33800 

001     N. 

0.06       Up. 

8.80 

II 

II 

II 

34300 

34100 

0.01    s. 

0.04       Up. 

8.71 

II 

II 

" 

34300 

0.0418  N. 

0.0306    Up. 

^  X 

-     H 

T 

8.71 

II 

16-6^8 

85 

32500 

0.10     N. 

0.06    Bom. 

2-51^x6.5-^^3.90"' 

2PP9lH'L4.75^ 

Total  =8.65^ 

8.69 

II 

II 

II 

31900 

32400 

0.0764  S. 

01  994  Down. 

8.60 

II 

II 

II 

32900 

0.0470  S. 

01774    Up. 

8.79 

II 

23'-4% 

120 

30600 

0.13    /v. 

0.01       Up 

8.70 

II 

II 

II 

30200 

30300 

0.17    S. 

0.08    Down. 

8.74 

II 

II 

II 

30000 

02056  N. 

O.I404Dom. 

3/1 

105 
168 
171 

147 
148 
150 

138 
139 
143 

Heavy  Sections. 

16.44 

2.39 

9'-ll^ 

50 

29800 

0.0084  N. 

O.I044Down. 

16.45 

II 

II 

II 

29300 

29500 

0.0077  N. 

0.0170    Up. 

16.39 

II 

II 

II 

29500 

0.0126  N. 

0.0228  Up. 

-iizC-- 

16.41 

II 

I6HI>£ 

85 

28000 

0.0574  S. 

0.0721  Dom. 

2-5"§xll.5-lb^6.76''" 
ZPI'-9M'=9.50 
TotalJ6.26°" 

16.39 

II 

II 

II 

28000 

"Jsooo 

0.0313  N. 

0.0470Down. 

16.37 

II 

II 

II 

28000 

0.1159  N. 

0.0835  Up. 

16.50 

II 

23'-m^ 

120 

28000 

0.1848  S. 

0.04490own. 

16.45 

II 

II 

II 

26100 

26900 

0.0919  N. 

0.3Z84Down. 

16.42 

II 

II 

II 

26600 

0.1201  N. 

0.3920  Up. 
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TABLE  y. 


ABSTRACT  OF  RECORD  OF  COLUt^N  TESTS. 
TYPES4&4A-5S5A. 


Type 

Test 
no. 

Section. 

Actual 
Area 

Hadiui 

of 
Syrjfi'or, 

Leniff} 

,      Unit 
L  Utfimafe 
^   Sfrenitfi 

Average 
Uh'imate 
SImitlti 

Deflection  in  inches 
at Ifie  twiddle  offblumm  aflfie 
fleadint just  before  failure 

4 

6 
36 
75 

13 
79 
80 

16 
45 

Liif)t  Secfions. 

11.69 

2.38 

9'-ff" 

50 

35700 

D.lt      N. 

0.015  Dom. 

II 

II 

II 

II 

36500 

36900 

0.02     S. 

0.04       Op. 

II 

II 

II 

II 

38600 

0.0480  5. 

0.0021    Op. 

tl.66 

II 

I6'-I0^ 

85 

34000 

0.04 

006        Up. 

2-8hll25-lbJ.70 
l-8"Ixl8.00-lb.5.3i 
Tot3UZ03"" 

tt.73 

II 

II 

II 

33900 

34000 

0.1409  N. 

00345    Up. 

tt64 

II 

II 

II 

34000 

0.0626  S. 

0.1304  Dotvn. 

If.  6 9 

II 

23^-9^/8 

t20 

32000 

0.15     S. 

O.fO 

11.61 

II 

II 

II 

30700 

31900 

0.409  N. 

0.0216 

11.68 

II 

II 

II 

33100 

00712  N 

00094    Up 

4^ 

lOZ 
166 
t69 

152 

153 
154- 

131 
133 
134 

Heavy  Sections 

l-r  1 

„          i^          all 

2-8hl8.75-IUI.0Z 
l^'lAE0.50-lb=603 
Tot3UI705°" 

16.98 

2.32 

9'-8" 

50 

30300 

00I58N. 

OOI690own. 

16.84 

II 

II 

II 

29000 

Z9I00 

0.0504  S. 

0.0  150  Dom. 

1681 

II 

II 

II 

28000 

0.0311  S. 

0.0019    Up. 

16.86 

II 

l&-5^ 

85 

26000 

0.1044  N. 

00093  Up 

16.89 

II 

II 

II 

26400 

26600 

0.2453  S. 

00261  Dom. 

17.00 

II 

II 

II 

27500 

0.0835  N. 

0.0078Dom. 

16.98 

II 

23'-2Jtl 

f20 

23500 

0.41765. 

00052  Down. 

1707 

II 

II 

II 

23900 

23900 

0.23495 

00068  Up. 

1696 

II 

II 

II 

24200 

05283N. 

00616  Down. 

5 

107 
IZZ 
IZ3 

114 
116 
119 

110 
III 
108 

Li0it  Sections. 

9  62 

t.98 

8'-3" 

50 

38000 

00280  N. 

0.0115  Dom 

9.65 

II 

II 

II 

38000 

38000 

0.0836  N. 

0.0287 Down 

fl 

..£ 

9.65 

II 

II 

II 

38000 

0.0052  S. 

00209Down. 

8.61 

II 

14-0  ^A 

85 

36000 

0.1510  5. 

00078  Down 

Betti.8"HCotji32-lb. 
=  9.17°" 

9.66 

II 

II 

II 

34000 

34300 

0.1148  S. 

0.0085    Up. 

9.59 

II 

II 

II 

33000 

O.IZOI  5. 

0.0376    Up. 

8.64 

II 

f9'-^H 

120 

33900 

0.II4S  N. 

00084     Up 

8.68 

II 

II 

II 

31000 

32000 

02140  N. 

00136  Down 

8.61 

II 

II 

II 

3f000 

0.1806  S. 

OOIIO     Up. 

5f\ 

106 
120 
III 

115 
117 
tl8 

109 
112 

113 

Heavy  Sections, 
ft               ft 

Betti.^HGil.x62-lb  _^, 
^18.27'^ 

1786 

209 

8^8H' 

50 

34000 

0.1201  N. 

0.0084    Up. 

1782 

II 

II 

II 

36100 

35400 

0.0606  N. 

00016     Up. 

17.86 

II 

II 

II 

36000 

00284  N. 

0.0033   Up. 

18.05 

II 

f4^9H' 

85 

33900 

0.0521  N. 

00151  Down 

1773 

II 

II 

II 

32000 

32300 

0.0929  N. 

0.0  054 Down. 

1777 

II 

II 

II 

31000 

0.0470  S. 

0.0277  Up 

17.76 

II 

20^f0!^(, 

120 

30000 

0.1498  N. 

0.0037   Up 

1797 

II 

II 

II 

30000 

30000 

0.2401  S. 

0.02/9  Down. 

17.73 

II 

II 

II 

30000 

o.teto  N. 

0.022IDown 

3421 
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TABLE  4. 


mSl'RACT  OF  RECORD  OF  COLUMN  TESTS. 

TYPES  6&6A-I0&I0A. 


Type 

Test 
no. 

Section. 

victual 
Ptrea 

F^dius 
^ration 

Len^ 

L 

r 

Unit 
Ultimate 
Stren&h. 

Averate 
Ultimate 
Strenttti. 

Deflection  in  in  dies 
dtttie  twiddle  otfolumsatttie 
Reading  just  before  failure. 

6 

to 

40 
44 

ZZ 
63 
64 

31 
52 
71 

Liihf  Sections. 

I3.7Z 

Z.3I 

9'-7y 

50 

3IZ00 

0.11      N. 

001       Up. 

7\ 

13.78 

II 

II 

II 

31500 

31600 

0.0837  S. 

0.0065  Up. 

I3.7Z 

II 

II 

II 

3Z200 

0.0Z50  N. 

0.0020   Up. 

13.65 

II 

16^4^^ 

85 

Z7800 

0.30    N. 

O.OZ      Up. 

f\ 

13.68 

II 

II 

II 

Z9500 

Z9I00 

03040  N. 

0.0097 Down. 

l-ItO'i(Z5-lb=737°" 
Zmtxi'L6.88 
Tot3lJ4.Z5°" 

13.60 

II 

II 

II 

30100 

0.1306  5. 

0.0166  Down. 

13.73 

II 

23'-lM 

IZO 

Z6700 

0.50     S. 

0.04      Up 

1375 

II 

II 

II 

27700 

Z7Z00 

0.1980  S. 

0.0190  Down. 

13.65 

II 

II 

II 

273G0 

01369  vS. 

0.00/3    Up. 

6a 

103 
125 
128 

155 
158 
159 

IZ9 
130 
131 

heavy  Sections. 

Z3.98 

Z.47 

tO'-S^z 

50 

31200 

0.0175  S. 

0.0019  [bwn. 

R 

Z3.75 

II 

II 

II 

32800 

32100 

0.0078  S. 

0.0076   Up. 

23.7Z 

II 

II 

II 

3Z400 

0.0496  N. 

0.004Z   Up 

Z3.S9 

II 

17^59,1 

85 

Z7ZQ0 

0.30Z8N. 

00061    Up. 

l-II0x35-lbJ0.29'" 
ZPI^tlxl"j3.75 
ToIbL  24.04"" 

23.73 

II 

II 

II 

Z6800 

Z6800 

0.3341  N. 

0.03tZDom. 

Z3.72 

II 

II 

II 

Z6400 

0.3341  S. 

O.OSZZDom. 

2364 

II 

Z4'S^^ 

IZO 

Z4900 

0I8Z7  S. 

0.0097  Up. 

Z3.83 

II 

II 

II 

Z4000 

Z4S00 

0.4100  S. 

0.0157  Down. 

Z3.76 

II 

II 

II 

Z5500 

0.3654  N. 

00099   Up. 

10 

3 

4 
53 

19 
83 
86 

23 
33 
34 

Liiht  Sections 

ZPI^9WL4.500°" 
4L^Zx2U"=3.760 
2PI'5m'L2.625 
Totals  10.885"" 

10.77 

2.33 

9'-dJ^' 

50 

36100 

0.06    S. 

0.055    Up 

10.80 

II 

II 

II 

35700 

35800 

0.05    N. 

00Z5I    Up 

10.86 

II 

II 

II 

35600 

00118  N. 

O.OZtZ   Up 

10.78 

II 

f6^6M 

85 

32500 

0.29    5. 

O.ZOO     Up 

10.76 

II 

II 

II 

31900 

32100 

0.0239N. 

0.1117  Dom. 

10.76 

II 

II 

II 

31300 

0.2611  N. 

0.07 86 Bonn. 

10.75 

II 

23'-d% 

IZO 

28400 

0.30   N. 

0.05  Down 

10.76 

II 

II 

II 

28300 

Z8400 

0.23   S. 

0.03     Up. 

10.75 

II 

II 

II 

28400 

OZO    S 

0.00 

lOA 

104 
167 
170 

144 
149 
157 

140 
141 
141 

heavy  Sections. 
1/) 

2PI^9'jlls'=7.88°" 
4isim%6.24 
ZPP.5^'k^'L4.59 
Totals  1871°" 

18.60 

Z.34 

9'-9" 

50 

31400 

0.0360  S 

0.1556  Down. 

I8.5Z 

II 

II 

II 

32000 

31800 

00099  N. 

0.0651  Down. 

18.46 

II 

II    ' 

II 

Z2t00 

0.0783  N. 

0.0188  Down. 

18.67 

II 

I6^6}£\85 

28000 

0.0Z9ZS 

0.1044  Down. 

18.65 

II 

II- 

II 

28000 

28300 

0.1545  S. 

0.099ZDown. 

18.69 

II 

II 

II 

Z9000 

0.0731  N. 

0.0010  Dom. 

18.64 

II 

Z3'-4'M 

IZO 

27000 

0.039ZN. 

0.1080   Up 

18.80 

II 

II 

II 

Z5900 

26300 

0.ZZ60  S. 

OJIIZ  .Up. 

18.65 

II 

II 

II 

28000 

0.Z297  S. 

0.1113     Up. 
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TABLE  5. 


ABSTRACT  OF  RECORD  OF  COLUMN    TESTS. 
TYPES  7(S7A-8S8A 


— r 
Type 

r 

no 

Section. 

Actual 
Area 

flsdius 

of 

'yrafim 

Len0i. 

I 
r 

Unit 
Uttimate 
Strenfft) 

^vera^      Deflection  in  indies 
Uttimale  stttie  Middle  of Columns^fttie 
Siren0  Readintju-st  before  Failure. 

7 

5 
37 
76 

15 
89 
90 

28 
48 

51 

Li^t  Sections. 

13.33 

2.48 

10-4" 

50 

34300 

a  00           0  03- Down  \ 

13.30 

II 

II 

II 

32700 

33400 

0.02     S. 

0.04       Up. 

13.33 

II 

II 

II 

33200 

0.0034  N. 

O.I628Down. 

1 1    . 

IPI.&J(i"J.8S 
Tofsl  ^1376'^' 

1340 

II 

17^6% 

85 

34000 

0.10      S. 

0.40      Up. 

m3 

II 

n 

II 

30000 

31600 

0.1081  N. 

0.2923  Up. 

t3.Z9 

II 

II 

II 

30700 

0.0914  N. 

0.1670  Up. 

13.36 

II 

Z4'-9M 

t20 

28300 

0.05    5. 

0.18       Up 

13.34 

II 

II 

II 

26900 

28100 

0.0137  N. 

0.3020Down. 

13.33 

II 

II 

II 

29000 

0.0020  N. 

0.0160  Up. 

* 

Heavy  Sections. 

-A-)- 

4-5'hlbL^Ki3M-IU5.88 
tPt.eU'L  2.63 

TotaLlS-SI'" 

5 

9 
39 
78 

16 
81 
8Z 

27 
46 
50 

Li^t  Sections. 

4-4"l^x^'L9.64°" 
IPt.7/4'Lt.75 
Total  =11.39"" 

10.98 

2.46 

lo'-r 

50 

35900 

0.00 

0.03    Down. 

tt.ot 

// 

II 

II 

35100 

35700 

0.06     S^ 

006      Up. 

tt.03 

II 

II 

II 

36200 

0.0072S. 

0.0086  Up. 

It.  09 

II 

t7^5yii 

85 

31400 

0.03    S. 

O.tl        Up. 

11.05 

II 

// 

II 

32900  \  32800 

0.0324N. 

0.0653  Up 

tl.tt 

II 

II 

II 

34000 

0.0117  S. 

0.1597  Up. 

11.06 

II 

24'-7^l^ 

120 

29100 

0.07   N. 

006  Down. 

It  II 

II 

II 

II 

23400 

29700 

W.04I7 

0.0194  Up. 

11.16 

II 

II 

II 

30400 

0.0088  N. 

0.1281  Down. 

d>f\ 

100 
tZ6 
127 

156 
160 
161 

tez 

163 
164 

Heavy  Sections 
f\  ~L  J~^ 

4^''Z^x§"=2220''" 
tPt7'il'L4.38 
Total  ^26.58°" 

2578\Z.5I 

t0^5y£ 

50 

33000 

0.0235  N. 

0.043tDown. 

25.86 

II 

II 

II 

33500 

32900 

0.0313  N. 

0.0940 Down. 

25.83 

II 

II 

II 

32200 

0.0261  N. 

0.2400Down. 

2556 

II 

17^934 

85 

31300 

0.0835  S. 

0.2297  Up 

25.57 

II 

II 

II 

Z5300 

3l400f 

0.00  to  S 

0.3393  Up 

25.43 

II 

II 

II 

31500 

0.0459  N 

0.1462    Up. 

25.66 

II 

25^lhl 

t20 

27500 

0.1019  S 

0.3075  Up. 

25.70 

II 

II 

II 

27000 

27300 

0.0848N 

0.2025 Down. 

25.68 

II 

II 

II 

27500 

0.0032N 

0.760  Down. 

Tests  have  not  been  made.        f  Test  no.  160  omitted  in  determining  the  average. 
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TABLE  G. 
ABSTRACT  OF  RECORD  OF  COLUMN   TESTS. 

TYPES  l&IA  AND  CARNEGIE  SECTIONS. 


Type 

Test 
no. 

Section. 

Actual 
Area 

Hadiui 
oyratm 

Length 

I 
r 

Unit 
Ultimate 
Strength 

flvera^ 
Ultimate 
Strenith 

Deflection  in  inches 
at  the  Middle  of (bliimnsatttie 
Reading juittxfore  Failure 

1 

178 
179 
180 

Li^ht  Sections. 

!/) 

1 

II 

—11— 

4L^5'i3'i£9.60 
/PI.6U'L/S75, 
TotdL  11.475" 

11.93 

224 

3'-8'h^ 

20 

38400 

0.0261  S. 

0.0261  JJfK 

11.81 

II 

II 

II 

38200 

38200 

0.0040N. 

O.OSSODom. 

tl.79 

II 

3'-8^ 

II 

38000 

0.0068S 

0.004ZOom. 

lf\ 

175 
176 
177 

Heavy  Sections. 

2226 

2.36 

3'-tth6 

20 

43200 

0.0282N. 

0.0032Down. 

22.32 

II 

II 

II 

43300 

43600 

0.0578N. 

0.1023  Down. 

2Z.33 

II 

II 

II 

44300 

0.0385N. 

0.0462  Up. 

4L^5x3x§"j8.44' 

IPI.6x§"=3.75 , 

Tofi/=ZZ/9" 

Light  Sections, 
ft                  fi 

(ame§e6'koUm-lh 

7.00 

t.45 

6'-07il' 

50 

31500 

7.00 

II 

e^oh" 

II 

30000 

31000 

7.00 

II 

II 

II 

31400 

7.00 

1.45 

10.-314' 

85 

30600 

7.00 

II 

I0^3M 

II 

30000 

30400 

7.00 

II 

I0'-3M" 

II 

30500 

=  7.00°" 

f 

700 

1.45 

t4'-6" 

120 

26400 

7.00 

II 

t4^6M 

II 

29300 

27200 

700 

II 

t4'-6" 

II 

26000 

Light  Sections. 
/?                  A 

6m0e8'ftG)/j(34.O-/li 
=.10.00"" 

10.00 

1.87 

7^^// 

50 

32800 

10.00 

II 

7^93/S 

II 

33900 

33500 

10.00 

II 

II 

II 

33800 

10.00 

1.87 

l3'-3" 

85 

31800 

to.  00 

II 

.11 

II 

31000 

31700 

10.00 

II 

II 

II 

32300 

10.00 

1.87 

t8'-8^' 

120 

30000 

10.00 

II 

II 

II 

28900 

Z9200 

10.00 

II 

II 

II 

28700 

Areas  given  for  Carnegie  Sections  are  nominal. 
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TABLE  7. 


/\BSTR^CT  OF  RECORD  OF  COLUMN  TESTS. 
TYPES  5.5A&5B. 

Type. 

Test 
no. 

Section. 

Actual 
Area. 

Badiiii 
of 

Len^. 

1 
r 

Unit    Average      Oefledion  in  inches 
Ullimale  Ullimafe  aflfie  twiddle  of Colamnsatthe 
Stitr0i.  Stirn^.  Readin^just  before  failure. 

LIGHT  AND  HEPUY  SECTIONS. 

5 

107 
122 
123 

114 
116 
119 

no 

III 
108 

U^Sedions. 

Beth.8"HG)/j32-lb. 
=9J7°" 

9.62 

1.98 

8'-3" 

50 

38000 

0.0280  N. 

0.0115  Down. 

9.65 

II 

II 

II 

38000 

38000 

0.0836  N. 

0.0287Dom. 

9.65 

II 

II 

II 

38000 

0.0052  S. 

0.0209Dom. 

8.61 

II 

I4^0^A 

85 

36000 

0.1510  S. 

0.0078  Dom. 

9.66 

II 

II 

II 

34000 

34300 

0.1148  5. 

0.0085    Up. 

9.59 

II 

II 

II 

33000 

0.1201  S. 

0.0376    Up. 

8.64 

II 

I9'-9^A 

120 

33900 

0.1148  N. 

0.0084-   Up. 

8.68 

II 

II 

II 

31000 

32000 

0.2140  N. 

0.0136  fhm 

8.61 

II 

II 

II 

31000 

0.1806  S. 

O.OIIO     Up 

5a 

106 
110 
III 

115 
117 
118 

109 
112 
113 

Heavy  Sections. 

B€tti8"H0}lx62-lb. 
^I8.Z7^' 

1786 

2.09 

8'-8!d' 

50 

34000 

0.1201  N. 

0.0084  Up 

17.82 

II 

II 

II 

36100 

35400 

0.0606  N. 

0.0016  Up. 

17.86 

II 

II ' 

II 

36000 

0.0284N. 

0.0033  Up 

18.05 

II 

14^9^^ 

85 

33900 

0.0521  N. 

0.0151  fJom. 

17.73 

II 

II 

II 

32000 

32300 

0.0929N. 

0.0054Dom. 

17.77 

II 

II 

II 

31000 

0.0470S. 

0.0277  Up. 

17.76 

II 

20'-I0% 

120 

30000 

0.I498N. 

0.0037  Up 

1797 

II 

II 

II 

30000 

30000 

0.2401  S. 

0.02l9Dom. 

1773 

II 

II 

II 

30000 

0.1610  N. 

0.022IDom. 

EXTRA  HEAVY  SECTIONS. 

5B 

225 
226 
182 

227 
228 
183 

223 
224 
181 

Extra  Heavy  Sedi'ons 

41 1/5 

Beffi8"HG)b(9l-lb. 
=2664^" 

2749 

217 

9^0}^ 

50 

24000 

0.0825  S 

0.0104  Down. 

27.18 

II 

II 

II 

24600 

25200 

0.1044  S. 

0.0261  Dom. 

27.50 

II 

II 

II 

27100 

0.0522N 

0.0033  Up. 

27.28 

II 

l5-4^m 

85 

22600 

0.Z297N. 

0.0438  Down. 

27.27 

II  • 

II 

II 

23000 

23500 

0.0731  S. 

0.0078  Up 

27.45 

II 

II 

II 

24800 

0.0553  S. 

0.0016  Down 

27.50 

,1 

21^8^ 

120 

21000 

0.3341  S. 

0.0113    Up 

2754 

II 

II 

II 

21000 

21300 

0.2610  S. 

0.0459  Up 

2757 

II 

" 

II 

21800 

0.1903  S. 

0.0031  Up 

2428 
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TABLE  8. 


ABSTRACT  OF  RECORD  OF  COLUMN  TESTS. 
TYPES  I,  lf\  &IB. 


Type. 

Test 
no. 

Section. 

Actual 
Area 

Hadius 
lyrsHon 

Length. 

I 
r 

Unit    Average      Deflection  in  inches 
Ultimate  Ultimate  althe  Middle  of  fottinmsaltlie 
Strength  Strength,  treading  just  before  Failuir. 

LIGHT  AND  HEP\JY  SECTIONS. 

1 

8 

38 
77 

18 
84 
85 

30 
56 
69 

Ligtit  Sections. 
!/i 

II 

4L^5hll'=9.6(f' 

IPt.d'kf"  1.875  ^^ 

Totat  Jl.475° 

11.13 

2.24 

9'-4" 

50 

32400 

0.0350S. 

0.0000 

11.17 

II 

II 

II 

32800 

32700 

0.0700S. 

a  1000  Up. 

11.13 

II 

II 

II 

33000 

0.0 SOON. 

0.0313  Up. 

11.49 

II 

i5'-m!^ 

85 

32100 

0.1200  S. 

0.0500  Up. 

11.49 

II 

11 

II 

31400 

31200 

0.025ZS. 

O.lZSlDown. 

11.35 

II 

II 

II 

30000 

0.0626N. 

0.1368  Up 

. 

1120 

II 

22'^'M 

120 

28600 

0.0000 

O.OeOODom. 

1114 

II 

II 

II 

27600 

28300 

0.1175  S. 

0.1091   Up. 

11.30 

II 

II 

II 

28700 

0.0135  N. 

0.l785Down. 

lA 

93 
96 
97 

91 
94 
95 

92 
98 
99 

Heavy  Sections. 
A    —If—/] 

4l35hlfj8d" 
IPI.BH"^  3.75 
Total  I  22.19"" 

22.25 

2.36 

9'-lO" 

JO 

29000 

0.0080  S 

0.0574Down. 

22.13 

II 

II 

II 

28900 

29200 

0.0731  N. 

0.0457   Up 

22.28 

II 

II    • 

II 

29700 

0.0653N. 

0.0002   Up 

22.134 

II 

I6'-8^A 

85 

28000 

0.0475S. 

0.0883  Up 

\2l.92 

II 

II 

II 

28200 

28100 

0.4053N. 

0.2636    Up 

22.05 

II 

II 

II 

28000 

0.0764N. 

0.0825  Down 

22.15 

II 

23'-7M 

120 

25000 

0.1430  S. 

0.2923Down. 

22.10 

II 

II 

II 

25500 

25400 

0.3863  N. 

0.0762  Up. 

22.10 

II 

" 

II 

25800 

0.I326N. 

0.060b  Down. 

EXTRA  HEAVY  SECTIONS. 

IB 

229 
230 
231 

Extra  Heavy  Sections 

JIL- 

m5x^At23.2^' 
tFl.6d"=  5.25 
Total  =  28.61°" 

28.43 

2.29 

t6'-25/k 

85 

28200 

0.0668N. 

0.0167 Down 

28.37 

II 

II 

II 

27000 

27700 

0.0900  S. 

0.0475Dom. 

28.53 

II 

II 

II 

28000 

0.0691  N. 

0.0007  Up. 
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TABLE  0. 
ABSTRACT  OF  RECORD  OF  COLUMN  TESTS. 

TYPES  I&IA-2&2A-4&4A. 
S/endemess  Rafio  -L =155. 


Typf 

Test 
no. 

Section.  • 

Achal 
Area. 

Radius 

of 
'jyrah'ixi 

Len^lfi. 

L 

r 

Uiuf 
Ulfimate 
Stmisffi 

Average 
miniate 
Shenglh 

Deflection  III  Inches 
iflherliddle  of  Columns  afiht 
ffeadin^jiist  befbce  failure. 

1 

Z07 
218 
222 

Light  Seclions. 

4e5xM\9.60<^ 
IPI.e'k^l  =1.875  „ 
Total '^    ^11.475" 

11.84 

2.24 

28'-tid" 

155 

Z7000 

0.4176  S. 

0.2506     Up. 

11.69 

II 

II 

II 

Z5600 

Z6200 

0.I6Z9  S. 

0.6277  Dam. 

11.68 

II 

II 

II 

Z6000 

0.1201  N. 

0.3289  Down. 

m 

205 
206 
208 

Hea\/j  Sections 

/)        III       A 
III     " 

4B5x3xl'Ll8.44'^ 
IPI.e'iY  -=3.75 
Tatar  ^zzjg"" 

2Z35 

Z.36 

30'-5Ji" 

155 

22200 

0.1629  S. 

0.3967   Up 

22.35 

II 

II 

II 

23200 

22700 

0.0992  S. 

0.4594  Down. 

22.31 

II 

II 

II 

22700 

0.2514  S. 

0.4801  Down. 

2 

215 
217 
221 

Light  Sec/Ions. 

\A 

\A 
2-6f^xl0.5-lb=6l8'^ 
zn^s'xf  Jt.OO 
Total       ^10.18"" 

10.39 

Z.3I 

Z9'-I0li' 

155 

26100 

0.8352  N. 

0IZ84  Up. 

10.42 

II 

II 

II 

Z7800 

26500 

0.5116  N. 

0.0668  Down. 

10.46 

II 

II 

II 

25600 

0.9Z7I  S. 

0.0418  Down. 

ZA 

zia 

216 
219 

Heavy  Sections. 

\A 

I A 
2^ht5S^9.tZ° 
ZPI?8!k^'  =8.00 
Total        ^r/.lZ"" 

16.75 

2.33 

30^li" 

155 

Z4700 

0.4959  S. 

0.2589  Down. 

16.87 

II 

II 

II 

25000 

Z4900 

01958  N. 

0  6160    Up. 

16.81 

II 

II 

II 

Z5000 

0.0428  S. 

0.Z7I4  Down. 

4 

211 
212 
220 

UghtSecfions. 

1-- 1 

2-8htt25-lt)=6.70''" 
l-8"lxt8XKHb=53d 
Total        =12.03'^' 

11.81 

2.38 

30!-8i" 

155 

■24000 

0.5324  N. 

0.0002  Down. 

11.93 

ir 

II 

II 

Z3Z00 

23600 

0.7465  N. 

0.0491  Down. 

lt.84 

II 

II 

II 

23500 

0.5116  S. 

0.0040  Down. 

4A 

209 
ZIO 
213 

Heavy  Sections 

f 

Z-8lxl8.-h-!M.0Z^' 
l-8Ix2a5(Hb,a0d 
Total        ,  17.05"" 

16.74 

Z.3Z 

29-11^" 

155 

24000 

01754  3. 

0.0569    Up. 

16.67 

II 

II 

II 

Z3000 

23300 

0.2453  S. 

0.05IZ    Up. 

16.33 

II 

II 

II 

Z3000 

01973  3. 

0.0063    Up. 
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A  question  arose  as  to  the  tendency  of  the  material  to  flow  under 
load,  and  in  order  to  secure  information  on  this  point,  a  special  time 
test  was  inaugurated.  This  is  given  as  No.  54,  where  it  will  be  seen 
that  various  loadings  were  applied  and  then  held  while  the  compresso- 
meters  were  read  at  intervals  of  5  min.  until  the  flow  of  the  metal 
ceased.  Although  the  results  are  interesting,  and  might  be  a  matter 
of  speculation  in  beginning  a  new  programme,  the  variation  in  the 
failure  point  from  similar  columns  does  not  seem  to  show  enough  dif- 
ference to  warrant  any  extensive  carrying  out  of  time  tests  in  the 
present  programme. 

As  stated  in  the  foregoing  report,  the  programme  was  arranged 
"with  the  intention,  as  far  as  practicable,  of  eliminating  all  variables 
except  that  of  form,  and  was  subdivided  so  as  to  consider  the  eflect 
of  light  and  heavy  sections."  The  Committee  felt  at  that  time  that 
it  was  better  to  confine  itself  to  a  rather  narrow  programme,  with 
the  use  of  columns  having  a  cross-section  arranged  so  as  to  avoid 
lacing  or  battens,  rather  than  to  attempt  to  cover  the  effects  of  details 
and  unsymmetrical  sections.  The  Committee  was  influenced  somewhat 
in  the  choice  of  certain  forms  of  columns  by  an  opinion  held  by  some 
engineers  that  columns  failed  largely  through  the  crippling  of  the 
thin  outstanding  legs.  For  example,  in  a  discussion  published  in  1908,* 
George  E.  Gift'ord,  M.  Am.  Soc.  C.  E.,  expressed  the  opinion  that 
angles  ^  in.  thick  would  be  more  than  twice  as  strong  as  angles  i  in. 
thick;  and  the  late  T.  H.  Johnson,  M.  Am.  Soc.  C.  E.,  suggested  the 
use  of  bulb-angles,  believing  that  the  bulb  on  the  outstanding  leg 
gave  stiffness  to  the  columns.  He  called  attention  to  the  superior 
behavior  of  Z-bar  columns,  "evidently  due  to  the  support  of  the  hori- 
zontal leg  afforded  by  the  outer  leg  of  the  Z". 

On  this  account,  the  Committee  selected  a  bulb-angle  column,  Type 
7,  and  a  Z-bar  column.  Type  8,  for  test,  and  designed  a  column, 
Type  6,  made  up  of  an  I-beam  with  two  plates  riveted  to  the  flanges. 
The  Committee  realized  that  this  Type  6  colunui  was  not  a  satisfac- 
tory form,  but  wanted  to  study  the  effect  of  the  outstanding  edges  of 
the  flange  plates.  Tables  1  to  9  show  the  record  of  the  column  tests 
published  in  the  Progress  Reports  of  1916  and  1917.  These  records 
call  attention  to  the  decrease  in  unit  ultimate  strength  of  the  heavy 
sections  when   compared  with  the  light  ones.     This,  with  the  single 

I 
exception  of  Type  6,  slenderness  ratio       ==   50   (see  Table  4)  was  true 

r 

for  all  the  different  types  of  columns. 

The  results,  as  shown  by  the  foregoing  tests,  though  demonstrating 
the  value  of  a  thicker  plate  in  the  short  columns  of  Type  6,  hardly 
prove  or  disprove  the  original  question  before  the  Committee,  as  to 

*  Proceedings,  Am.  Soc.  for  Testing  Materials. 
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the  iiifluonco  of  the  thin  outstanding  lejiis.  It  is  possible  that,  "for 
very  thin  metal,  the  ratio  of  the  thickness  of  the  outstanding  leg 
to  its  width  might  have  an  effect  on  the  strength  of  the  column,  but, 
for  the  thicknesses  of  the  material  which  have  been  used  in  the  pro- 
gramme of  tests  outlined  by  the  Committee,  it  is  evident  that  the 
ratio  of  thickness  to  width  is  not  a  controlling  factor. 

In  seeking  to  account  for  the  falling  off  in  strength  of  the  heavy 
material,  the  Committee  learned  that  it  was  necessary  to  look  beyond 
the  differences  in  the  ratios  of  widths  to  thicknesses  of  outstanding 
legs,  and  variations  of  cross-section.  The  only  remaining  element 
which  could  be  charged  with  responsibility  appeared  to  be  the  metal 
itself,  and  though  the  intention  had  been  to  secure  material  of  a 
uniform  grade,  a  more  careful  and  thorough  investigation  disclosed 
the  fact  that  the  attempt  had  not  been  successful. 

The  physical  characteristics  and  strength  of  structural  steel  are 
affected  by  the  amount  of  working  which  it  receives  in  passing  through 
the  rolls,  and,  for  the  same  size  of  ingot,  the  heavy  material  does  not 
receive  as  much  working  as  the  light;  consequently,  for  the  same 
chemical  composition,  the  heavier  material  is  weaker.  In  ordering 
the  steel  for  the  column  tests,  the  Committee  provided  for  this  differ- 
ence in  working  by  allowing  the  mill  to  change  the  carbon  content 
so  as  to  endeavor  to  produce  the  same  strength  for  the  light  material 
as  for  the  heav5\  When  the  attention  of  the  Committee  and  the 
Bureau  of  Standards  was  drawn  to  the  falling  off  in  the  unit  strength 
of  the  hea\'y  material,  the  Bureau  of  Standards  investigated  the  record 
of  the  physical  and  chemical  tests  made  at  the  mill  when  the  steel 
w^as  rolled.  The  complete  record  of  these  physical  and  chemical  tests 
is  sho\^Ti  in  Table  10,  and  it  will  be  seen  that  this  record  gives  no 
indication  of  the  difference  in  strength  between  the  heavy  and  light 
material. 

A  note  concerning  the  choice  of  the  original  specifications  might 
be  in  order  before  commenting  on  the  record  of  specimen  tests. 

At  the  time  the  Bureau  of  Standards  offered  to  make  the  column 
tests.  Dr.  Stratton  requested  the  Committee  to  write  the  specifications 
and  secure  prices.  It  was  desired  to  have  the  material  for  the  columns 
as  nearly  uniform  as  possible,  the  thought  being  to  have  as  much  of 
it  as  possible  come  from  a  single  heat.  The  specifications  (page  2417) 
are  the  result  of  the  conference  of  the  Committee  with  the  steel  manu- 
facturers, and,  as  stated  before,  they  are  very  much  more  rigid  than 
the  average  structural  specifications.  The  Committee  accepted  some 
material  which  did  not  fully  meet  the  rigid  specifications,  but  it  was 
considered  at  that  time  to  be  fully  equal  to,  or  better  than,  the  ordinary 
grade  of  structural  steel,  which  has  an  allowable  variation  of  5  000  lb. 
per  sq.  in.,  more  or  less,  from  a  desired  ultimate  strength  of  60  000  lb. 
I>er  sq.  in. 
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Not  finding  an  explanation  of  tlie  falling  off  in  strength  of  the 

heavy  material  in  the  record  of  mill  specimen  tests',  the  Bureau  of 

Standards  then  took  some  of  the  long  columns,  which  had  already  been 

I 
tested,  and  cut  them  into  lengths  to  give  a  slenderness  ratio  of  —    =  20. 

r 

These   short   columns   showed  that   the   unit  ultimate   strength  of 

the  heavy  columns  was  considerably  more  than  that  of  the  light  ones. 

Both  series  indicated  a  fairly  definite  point  at  which  permanent  set 

occurred,  and  showed  that  this  point  was  lower  for  the  heavy  columns 

than  for  the  light  ones,  indicating  that  the  increased  ultimate  strength 

of  the  heavy  ones  came  about  from  the  block  action  of  the  short, 

heavy   material,   and   that   the   elastic   limits   or   yield  points   are  the 

true   indicators   of  the   strength   of   the   two   different   thicknesses   of 

material.     See  Fig.  5,  from  the  1916  Progress  Report. 

I 
Tests    of   short  columns    having  a  slenderness  ratio  of  =     20, 

r 

made  of  material  which  had  not  been  previously  stressed,  confirmed 
these  results  and  the  belief  that  the  strength  of  columns  is  governed, 
not  by  the  ultimate  tensile  strength  of  the  material,  but  by  the 
point  at  which  there  is  marked  departure  from  an  elastic  condition. 
See  Fig.  G,  from  the  1917  Progress  Heport. 

To  investigate  the  question  of  this  critical  point,  the  Bureau  of 
Standards  proposed  some  supplementary  specimen  tension  and  com- 
pression tests,  to  be  made  from  pieces,  5  ft.  in  length,  which  had 
been  provided  from  each  melt  at  the  time  the  material  was  rolled. 
These  5-ft.  pieces  were  in  the  nature  of  coupon  material  from  the 
columns,  and  had  not  been  subjected  to  stresses  in  the  testing  of  the 
columns. 

Tables  11  to  15  show  the  record  of  the  supplementary  specimen 
tests  piade  on  the  coupon  material  ordered  from  the  same  melts  as  the 
material  for  the  full-size  columns,  and  Table  22  is  the  summary  of 
the  averages  of  Table  10  and  Tables  11  to  15.  When  we  compare 
•  the  results  shown  by  Tables  11  to  15  with  the  mill  specimen  tensile 
tests  made  from  these  same  melts.  Table  10,  and  both  with  the  table 
of  full-size  column  tests,  it  will  be  seen  that  the  ultimate  tensile  speci- 
men strength  is  not  a  correct  indicator  of  the  strength  of  the  columns. 
The  ultimate  strengths  shown  on  the  supplementary  specimen  tests  are 
very  close  to  the  ultimate  strengths  given  for  the  specimen  mill  tests, 
and  neither  the  ultimate  strengths  from  the  supplementary  tests  nor 
from  the  mill  tests  indicate  the  falling  off  in  strength  of  the  thicker 
material.  It  is  also  evident  that  the  yield  point,  as  recorded  by  the 
ordinary  commercial  tensile  specimen  tests,  even  when  the  machine  is 
run  at  comparatively  slow  speeds,  as  was  done  in  the  Pittsburgh  Labora- 
tory of  the  Bureau  of  Standards,  does  not  give  the  correct  index  of  the 
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TABL^  11. 

ABSTRACT  OF  RECORD  OF  SPECIMEN  TESTS. 

MADE  BY  BUREAU  OF  STANDARDS. 


Type 

Section. 

Tension  Tests. 

Specimen 
no. 

Specimen  cut 
from 

Ultimate 
Strength. 

Useful 
Limitfhint 

1 

Uiht  Sections . 

!^ 
— II — 
II 

u 

4lS5x3x^'=9.60°". 
IPt6x^'    =1.875 
Total  J  1.475°" 

II 

5"le^of5'k3l5/l6L 

57100 

35100 

III 

II 

53900 

33200 

II 

Roofof5'i3'P//6L 

65800 

33500 

III 

II 

64000 

33200 

II 

3"/esof5x3P//6L 

59000 

32700 

21 

eWePI. 

58400 

33000 

22 

II 

58600 

33000 

112 

II 

54900 

30800 

Compression  Tests. 

Specimen 
no. 

Speamen 

ofSpeamen 

Useful 
LimilPoint. 

BIS 

5x3x¥6L 

12.3 

34800 

12 

II 

12.7 

33400 

21 

em'Pi 

— 

31000 

21 

II 

— 

31000 

112 

II 

— 

27300 

lA 

Heavy  Sections. 
A     ~~W~    ^ 

4is5x3x§"=  18.44°" 
tPte'xf  =  3.75 
Total  =  22.19°" 

Tension  Tests. 

Specimen 
no. 

specimen  cut 
from 

Ultimate 
Strength. 

Useful 
LimilPoint 

113 

5"lesof5Ux%L 

56700 

28800 

60 

II 

55600 

30800 

Compression  Tests. 

Specimen 
no 

Specimen 

Vr 
ofSpedmer, 

LimilPoint 

1 

5'Ji3P^'L 

12.6 

28600 

2 

II 

12.9 

25000 

A 

II 

12  7 

27300 

IB 

Extra  Heavy  Sections. 

4L^5h'x^e"-^3.36°" 
IPiexi"  =  5.25 
Total  =28.61°" 

Tension  Tests. 

Specimen 
no. 

Specimen  cut 
from 

Ultimate 
Strentth 

Useful 
LimilPoint 

109 

Let  0f5x3'mL 

57000 

31100 
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TABLE  12. 


ABSTRACT  OF  RECORD  OF  SPEC/MEN  TESTS. 

MADE  BY  BUREAU  OF  STANDARDS. 


Type 

Section. 

Tension  Tests. 

Specimen 
no. 

Specimen  cut 
from 

Ultimate 
Strength. 

Useful 
LimitPoint 

2 

Light  Sections. 

2-6"§  lo.s-ib^ais"" 

2PI^8x^"=4.00 
Totals  10.18"" 

27 

dx'/4'PI 

57700 

32700 

!7 

u 

56000 

29700 

116 

II 

59600 

32200 

m 

Rootof6"[l0.5-lb. 

59700 

28400 

115 

II 

63800 

31800 

37 

Web  Df6ri0.5-lk 

56700 

35800 

44 

II 

56600 

33000 

115(22.^ 

II 

60500 

37000 

Compression  Tests. 

Specimen 
no 

Specimen 

ofSpedmen 

Useful 
Limitfbint 

37 

6TI0.5-Ih 

19.0 

33300 

44 

II 

II 

35000 

115 

II 

II 

33900 

17 

gS^'/iPI 

— 

30400 

27 

II 

— 

22800 

116 

II 

— 

31500 

2A. 

Heavy  Sections. 

2-6"S  l5.5-lb=9.IZ°" 
2PI?8xi  =  8.00 
Totals  17.12°" 

Tension  Tests 

Specimen 
no. 

spec/men  cut 
from 

Ullimate 
Strength. 

Useful 
LimitPoint. 

lid 

Sx'/m 

58400 

31000 

69 

II 

61500 

35000 

66 

Web  of 6T  15.5-11;. 

53500 

23500 

117 

II 

58900 

32100 

66 

Roolof6"LI5.5-lb 

57300 

30000 

117 

II 

60900 

29800 
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TABLE  13. 


ABSTRACT  OF  RECORD  OFSPECIMEN  TESTS. 

MADE  BY  BUREAU  OF  STANDARDS 


Type 

Section. 

Tension  Tests. 

Specimen 
no. 

Specimen  cut 
from 

Ultimate 
Strength 

Useful 
Limitfbint 

^ 

Light  Sections 
A_ J,V._A 

J"uJ 
2-5"Cs  6.5 -lt)=  3.90°" 
291^92^^4.75 
Total  =8.65°" 

38 

Webof5"L6.5-tb. 

54200 

36500 

43 

II 

55500 

39700 

38 

Root  of5"L6.5-lb. 

55700 

31000 

43 

II 

36400 

29100 

Compression  Tests. 

Speamen 
no. 

Specimen 

ofdpeamen 

Useful 
Limitfbint 

38 

3"L6.5-lb. 

20.2 

35200 

4 

Liiht  Sections. 

2-8"£stt.25-tb-.6.70'''' 
t-8"lt8.0-lt)=5.33 
Total  J2.03°" 

Tension  Tests 

specimen 
no. 

Specimen  cut 
fivm 

Ultimate 
Strength. 

Useful 
Limitfbint 

42.2 

Webof8"[lt.25-lb 

57700 

36000 

423 

II 

60000 

40800 

48 

II 

57400 

37900 

42 

Rootof8"i:ft.Z5-lb. 

59800 

32900 

43 

II 

61600 

33200 

119 

II 

60000 

27600 

50 

Flange  of  8"It8.0'tb 

36100 

34500 

50 

II 

56300 

35600 

50 

Rootof8'll8.0-lb 

58000 

28900 

55 

II 

57600 

31000 

120 

II 

58900 

27200 

55 

Webof8"It8.0-tb 

55000 

36500 

55 

II 

56000 

37800 

Compression  Tests 

Speamen 
no. 

Specimen 

l/r 
ofSpecimen 

Useful 
LimitPoint 

119 

8"Llt.Z5-tb 

16.0 

27500 

G 

II 

15.9 

40000 

H 

II 

16.0 

40700 

120 

8"II8.0-/b 

118 

29000 

F 

II 

12.0 

32000 

L 

II 

11.9 

31600 
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TABLE  14. 


/IBSTR/iCT  OF  RECORD  OF  SPECIMEN  TESTS. 
MADE  BY  BUREAU  OF  STANDARDS. 


Type 

Section. 

Tension  Tests. 

Specimen 
no 

Specimen  cat 
from 

UHimate 
Siren0h 

Useful 
UmitPoint 

4A 

Heavy  Sections. 

2-8"§l8.75-lbJI.02'" 
I-8"I20.50-Ib.6.03 
Tof3l=  17.05°" 

80 

Webof8"[l8.75-lb 

55600 

23500 

483-32 

II 

60200 

23700 

79 

Hootof8ri8.75-lb 

59900 

27000 

80 

II 

61200 

23000 

IZI 

II 

60100 

30200 

^83-32 

II 

637100 

29200 

dlW 

Web  of8"I20.5-lb. 

58000 

30000 

82 

II 

57300 

28000 

83 

II 

57700 

27500 

122 

II 

56100 

31300 

81 

Root  ofd"I?0.5-lb 

62700 

26600 

122 

" 

61200 

25100 

83 

II 

62500   \ 

27300 

Compression  Tests. 

Specimen 
no 

Specimen 

> 
ofSpecimen 

Useful 
UmitPoint 

79 

8"LI8.75-lb 

16.8 

26000 

80 

II 

16.6 

26000 

I 

II 

16.7 

28500 

121 

II 

16.6 

34000 

83 

8"I20.5-/b 

12.0 

28700 

122 

II 

12.3 

29200 

B 

It 

I2.Z 

25700 

D 

II 

12.3 

30000 

Papers.] 


STEEL  COLUMNS   AND   STRUTS 


2U3 


TABLE  15. 
ABSTRACT  OF  RECORD  OFSPECIMEN  TESTS. 

MADE  BY  BUREAU  OF  STANDARDS. 


Type 

Seclion. 

Tension  Tests. 

Speamen 
no. 

Specimen  cut 

from 

Uttimaie 
Strength 

1  U^^^l  1 
LimitPoinf 

5 

Li^hf  Sections. 

A                      A 

8!'HCol.22.0-lb. 
=  9.17°" 

I9BX 

Fiance  of  8"H Col 32.0-lb 

56900 

25600 

tdBXC 

Webof8"HCot.32-tb 

58900 

37000 

I9BX 

Hootof8"HCot:32-tb 

64000 

38000 

5A 

Heavy  Sections. 

A                     A 

8"HCol.62.0-tb 
^18.27°" 

I5CX(CJ 

Web  of8"HCot.62.0-tb. 

37500 

32500 

I5CX 

Ft3naof8"HCot.62.0-tb 

58t00 

33800 

t5CX(l^) 

Root  ofS"HCot.62.0-tb 

58000 

33700 

53 

Extra  Heavy  Sections. 

8"HCol9t.0-lb. 

=  26.6^°" 

24AXC 

Webof8"Hat.9t.0-lb 

56500 

25000 

24BXC 

It 

56500 

23t00 

24CXC 

II 

57500 

26600 

24AXtvi 

Middte  ofFtante  of8"ttCbtSI.0-tb 

56t00 

t8900 

24CXt^ 

II 

56300 

26400 

24CX 

II 

56300 

26000 

24BXt^ 

II 

56400 

20900 

24ftX 

EndofHanee  of8"HCot.9t.0-tb. 

56400 

t7600 

24CX 

II 

55t00 

23300 

24ftX 

II 

56700 

t8500 

?4BX 

II 

56700 

21000 

24BX 

II 

56800 

24500 

7 

Light  Sections. 

ft     ^~^V^^     A 
.    II    . 

a-5"BulbtIt0.t-lbJt.88''" 
IPI6x^'=  t88 

Totat  ^tsye"" 

2 

Rootof5"BulbL  lO.I-lb 

61600 

33900 

6 

Butbof5"ButbLt0.t-lb 

61700 

33500 

9 

II 

61500 

33000 

Compression  Tests. 

Specimen 
no. 

Specimen 

l/r 
of'Spedmen 

Useful 
LimifFbinf 

— 

5"ButbLI0.l-lb 

t76 

34000 

6 

II 

178 

34000 

9 

II 

17.7 

35000 
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strength  of  the  materiaL  It  appears  necessary,  therefore,  in  order  to 
predict  the  strength  of  a  column,  to  deterpiine  the  nature  of  the  metal 
by  some  other  means  than  those  generally  used. 

In  the  Progress  Report  of  1917,  the  Committee  mentioned  the  dis- 
cussion held  by  the  American  Society  for  Testing  Materials  at  its 
Annual  Meeting,  June,  1916,  on  the  relation  between  proportional  limit, 
elastic  limit,  and  yield  point.  For  the  purpose  of  studying  the  column 
tests,  the  Committee  gave  careful  consideration  to  this  discussion  to 
find  whether  it  was  possible  to  determine  some  point  which,  for  prac- 
tical ijurposes,  might  be  easily  located,  clearly  defined,  and  at  the  same 
time  represent  the  limit  where  the  metal  ceases  to  have  structural  value. 
None  of  the  terms  defined 
by  the  discussions  of  the 
American  Society  for 
Testing  Materials  has  ap- 
pealed to  the  Committee 
as  having  these  qualities. 
In  searching  for  a  more 
satisfactory  definition,  the 
Committee  considered  a 
modification  of  the  sug- 
gestion made  some  years 
ago  by  the  late  J.  B.  John- 
son, M.  Am.  Soc.  C.  E.  The 
Committee  has  defined 
the  critical  point  as  the 
point  which  is  determined 
graphically  by  drawing  a 
line  tangent  to  the  envel- 
ope of  the  stress-strain 
curve,  having  a  slope  of 
one-half  that  of  the  last 
run-up  line  for  its  straight, 
or  nearly  straight,  portion. 
Fig,  7  illustrates  this  method  of  determination.  So  as  not  to  confuse 
this  with  former  definitions  of  yield  point  or  elastic  limit,  the  Com- 
mittee has  adopted  a  new  term,  and  calls  this  the  Useful  Limit  Point, 
or  U.  L.  P. 

In  straining  a  column,  there  is  a  point  beyond  which  its  structural 
value  is  uncertain,  and  consequently  unsafe  to  rely  upon.  This  point 
lies  somewhere  above  the  region  of  perfect  elasticity  and  well  below  the 
place  where  manifest  yielding  occurs.  For  the  study  of  column  tests, 
the  TJ.  L.  P.  as  above  defined  seems  to  fulfill  these  conditions  satisfac- 
torily. Careful  observations  and  plotting  of  the  stress-strain  curve 
locate  it  without  chance  for  controversy.  It  will  be  noted  that  the 
method  is  applicable  to  both  tension  and  compression  tests. 
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TABJJ-:  k;. 

ABSTRACT  or  RECORD   OF  COLUMN  TESTS. 

USEFUL  LIMIT  POINTS  FOR    TYPES  I,  IA,IB  &  7. 


Type 

lest 
no. 

Section 

Acfuat 
Area. 

of 

Hjidticn 

Lengtti. 

I 
r 

Unit    AvpidPfi 
Uttimate  Uttimate 
Strengtti.  Strene;tti. 

Unit 

llsefiitljmil 

Point 

Avaage 

UdrfiitUmii 

Point 

1 

8 

36 
77 

18 
84 
85 

30 
56 
69 

Liifit  Sections 
i 
II 

^1^5x^6=^9.60"" 
IPI.e'xg^  1.875 
JotalJ  1.475°" 

tt.ts 

2.24 

9''4" 

50 

32400 

28300 

11.17 

II 

II 

II 

32800  32700 

29200 

28800 

fits 

II 

II 

II 

33000 

2.9000 

tt49 

II 

tS'-IO^Io 

85 

32t00 

26000 

tt.49 

II 

II 

II 

3t400 

3t200 

30000 

27800 

tt.35 

II 

II 

II 

30000 

27500 

it. 20 

II 

22-4% 

tzo 

28600 

25400 

lit  a 

II 

II 

II 

27600 

28300 

26300 

26600 

11.30 

II 

II 

II 

28700 

28000 

lA 

93 
96 
97 

91 
94 
95 

92 
98 
99 

Heavy  Sections. 

A   — 11—  A 
_JL_ 

4L^5x3xl'L  18.44"" 
IPI.6xf^3.75 
70131  =  22.19"" 

22.25 

2.36 

9-tO" 

50 

29000 

25000 

2213 

II 

II 

II 

28900 

29200 

24000 

24700 

2228 

II 

II 

II 

29700 

25000 

2Z.t3 

II 

te'-8^'8 

-85 

28000 

25700 

2t.92 

II 

II 

II 

28200 

28t00 

24700 

25300 

2205 

II 

II 

II 

28000 

25500 

22.  t 5 

II 

Z3'-7^A6 

tzo 

25000 

23000 

2210 

II 

II 

II 

25500 

25400 

23500 

23300 

22.t0 

II 

II 

II 

25800 

23300 

IB 

ZZ9 

230 
231 

- 

Exti  -a  Heavy  Sections 

A   — TIT—  A 
_J1L_ 

4L^5x3xli'L23.36°" 
tPt.6xf=  5.25 
Totals  28.61°" 

28.43 

2.29 

l6'-2% 

85 

28200 

26500 

Z837 

II 

II 

II 

27000 

Z7700 

26000 

26200 

2853 

II 

II 

II 

28000 

26000 

* 
7 

5 
37 

76 

15 
89 
90 

28 
48 
51 

Light  Sections. 
A    '    \\    *   A 

^-SButbLW.I-lbJtSS"' 
IPt6x^'j.88 

t3.33 

2.48 

10-4" 

50 

34300 

30300 

13.30 
13.33 

II 

II 

II 

32700 

33400 

30600 

30600 

II 

II 

II 

33200 

3t000 

t3.40 

II 

l7'-6% 

85 

34000 

30800 

t3.43 

II 

II 

II 

30000 

3t600 

29000 

29400 

t3.29 

II 

II 

II 

30700  \ 

28500 

Jotal=l3.76°' 

13.36 

II 

24'-9S/!^ 

120 

28300 

28400 

13.34 

II 

II 

II 

26900 

28t00 

25900 

26600 

t3.33 

II 

II 

II 

29000 

25600 

*6 

^hap 

esfor  Tvpe  7/t(Hea 

/ySec 

fions) 

cannot  bi 

z  obi 

ained 
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TABLE  17. 
ABSTRACT  or  RECORD  OF  COLUI^N   TESTS. 

USEFUL  LIMIT  POINTS    FOR    TYPES    2&2/J-3&3A. 


[Papers. 


Type 

Jest 
no 

Section 

Actual 
Area 

fiadius 

of 
fjyration 

Lengtti 

I 
r 

Unit 
Ultimate 
St  1  Willi 

Average 
Ultimate 
Sir  en  gill 

Unit 

Usefutlimit 

Point 

Average 

[Isefulbmit 

Point 

2 

II 

m 

43 

21 
59 
65 

32 
54 
70 

Ligfit  Sections. 

2-6'h  10.5-^=6.18° 
2PI?8'xi"=4.00 
TotalJO.I8°" 

10.06 

2.31 

9 '-7k" 

50 

33100 

27400 

10.15 

II 

II 

II 

34000 

33200 

28200 

27500 

10.06 

II 

II 

II 

32400 

26900 

( 

9.92 

II 

l6'-4^8' 

85 

33700 

29200 

9.87 

II 

II 

1' 

32300 

32600 

28400 

28700 

10  05 

II 

II 

II 

31700 

28600 

10.01 

II 

23'-m 

120 

28300 

25600 

10.09 

II 

II 

II 

28700 

29300 

26300 

27000 

10.07 

II 

II 

II 

30900 

29000 

2A 

101 
124 
165 

145 
146 
151 

135 
136 
137 

Heavy  Sections, 
ft 

2-6'hl5.5-lb=9.IZ°" 
2Pt'8xi'L8.00 
Total  ^17.12°" 

17.07 

2.33 

9'-87i' 

50 

32200 

26000 

17.07 

II 

II 

II 

32500 

32300 

27000 

26800 

16.96 

II 

II 

II 

32300 

27500 

17.07 

II 

t6'-67i6 

85 

30700 

27000 

1702 

II 

II 

II 

30000 

30600 

26000 

26700 

1711 

II 

II 

II 

3/000 

27000 

17.04 

II 

23'-35/8 

120 

28500 

26500 

1702 

II 

II 

II 

28800 

28100 

26500 

26300 

1708 

It 

II 

II 

27000 

26000 

3 

1 
2 
42 

14 
87 
88 

24 
35 
47 

Ligtif  Sections. 
0    "t — F'    a 

8.71 

2.34 

9'-9" 

50 

33800 

28300 

8.80 

II 

II 

II 

34300 

34100 

28700 

28300 

8.71 

II 

II 

II 

34300 

27900 

--^•-f— - 

1^ 

2-5'M5-tt)=3.90°" 
2Pt^92^L475 
Total  ^8.65°" 

8.71 

II 

l6'-6fd' 

85 

32500 

26900 

8.69 

II 

II 

II 

31900 

32400 

29000 

28000 

8.60 

II 

II 

II 

32900 

28000 

8.79 

II 

23'-4% 

120 

30600 

27900 

8.70 

II 

II 

" 

30200 

30300 

28600 

28000 

8.74 

II 

II 

II 

30000 

27500 

3f\ 

105 
168 
171 

147 
148 
150 

138 
139 
143 

Heavy  Sections. 

16.44 

239 

9'-tt72" 

50 

29800 

25500 

16.45 

II 

II 

II 

29300 

29500 

25000 

25300 

16.39 

II 

II 

II 

29500 

25500 

-^-E-- 

2-3'bxll.5-fb=6.76''" 
2Pt'9m'L9.50 
Total =16.26°" 

16.41 

II 

t6'-lt'/8' 

85 

28000 

26000 

16.39 

II 

II 

II 

28000 

28000 

25500 

25700 

16.37 

II 

II 

II 

28000 

25500 

16.50 

II 

23'-IO% 

120 

28000 

26500 

16.45 

II 

II 

II 

26100 

26900 

26000 

25700 

16.42 

II 

II 

" 

26600 

24500 
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TABLE  IS. 
ABSTRACT  OF  RECORD  OF  COLUMN  TESTS. 

USEFUL    LIMIT  POINTS   FOR  TYPES  4&4a-8&8a. 


Type 

Test 
no. 

Section. 

Actual 
Area 

Hadm 

of 
Gjratioi. 

Length. 

I 
r 

Unit 
Ultimate 
Sfrengtfi 

Average 
Ultimate 
Strentth. 

Unit 

UsefulUmit 

Point. 

Avera^ 

Usefullm 

Pont 

4 

6 
36 
75 

13 
79 
80 

26 

45 
49 

Liglit  Sections., 

2-8htt.25-lti=6.70"" 
t-8"lxt8.00-tk.5.33 
Total  =12.03"" 

11.69 

2.38 

9'-ll" 

50 

35700 

29900 

11.69 

II 

II 

II 

36500 

36900 

33000 

32000 

11.69 

II 

II 

II 

38600 

33000 

1166 

II 

i6'-m^ 

85 

34000 

30400 

11.73 

II 

II 

II 

33900 

34000 

31500 

31100 

11.64 

II 

II 

II 

34000 

31500 

11.69 

II 

23'-9V8 

120 

32000 

30300 

11.61 

II 

II 

II 

30700 

31900 

28200 

30000 

11.68 

II 

II 

II 

33100 

31600 

4A 

102 
166 
169 

152 
153 
154 

132 
133 
134 

Heavy  Sections. 

2-^^xl875'lb.JI.02°" 
l-g'lx20.50-lb.^6.03 
Total  =17.05°" 

16.98 

2.32 

3 '-8" 

50 

30300 

23000 

16.84 

II 

II 

II 

29000 

29100 

22500 

22500 

1681 

II 

II 

II 

28000 

22000 

16.86 

II 

l6'-53/d' 

85 

26000 

22500 

16.89 

II 

II 

II 

26400 

26600 

23500 

23300 

1700 

II 

II 

It 

27500 

24000 

16.98 

II 

23'-2fi6 

120 

23500 

21500 

17.07 

II 

II 

II 

23900 

23900 

22000 

21700 

16.96 

II 

II 

II 

24200 

2/500 

8 

9 
39 
78 

16 
81 
82 

27 

46 
50 

Light  Sections. 

4-4"Z^'L9.64°" 
IPl.Tx^L  1.75 
Total  =11.39°" 

10.98 

2.46 

to -3" 

50 

35900 

30900 

11.01 

II 

II 

II 

35100 

35700 

30500 

31300 

11.03 

II 

II 

II 

36200 

32500 

11.09 

II 

l7^5>/8 

85 

31400 

31400 

11.05 

II 

II 

It 

32900 

32800 

30000 

31000 

lilt 

II 

II 

II 

34000 

31500 

11.06 

II 

24--7M 

120 

29100 

28200 

lilt 

II 

II 

II 

29400 

29700 

25900 

28200 

11.16 

II 

II 

II 

\30400 

30400 

8A 

too 

126 
127 

156 
160 
161 

162 
163 
164 

Heavy  Sections. 

4-4"Zhf=22.20°" 
IPI  7xf=  4.38 
Total  ^26.58°" 

25.78 

2.51 

10-51^" 

50 

33000 

29000 

2586 

II 

II 

II 

33500 

32900 

29500 

29000 

25.83 

II 

II 

II 

32200 

28500 

25.56 

II 

17^9^/6 

85 

31300 

31000 

25.57 

II 

II 

II 

25300 

31400* 

20000 

29700* 

2543 

II 

II 

II 

31500 

28500 

25.66 

II 

25'-lM 

120 

27500 

24500 

25.70 

II 

II 

II 

27000 

27300 

26000 

25500 

2568 

II 

II 

II 

27500 

26000 

*  Test  no.  160  omitted  in  determining  the  averages. 
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USEFUL  LIMIT 


TABLE  19. 

RECORD  OF  COLUt^N  TESTS. 

POINTS  FOR  TYPES  S,5A&SB. 


Type 

Test 
no. 

Section. 

Actual 
Area 

fiadius 

of 
^yalion 

Length 

I 
r 

Unit 
Ultimate 
Strength. 

Average 

Ultimate 
Strength 

Unit 

UsefutUmit 

Point 

Average 

'IsefulLimil 

Point 

5 

107 
122 
t23 

im 

116 
119 

no 

III 
108 

Light  Sections. 
A                   A 

8-HColi32'lb. 
=9.17°" 

9.62 

1.98 

8'-3" 

50 

33000 

35000 

9.65 

II 

II 

II 

38000 

38000 

34500 

34700 

9.65 

II 

II 

II 

38000 

34500 

8.61 

II 

l4'-0^/i6 

85 

36000 

34000 

9.66 

II 

II 

II 

34000 

34300 

32500 

32800 

9.59 

II 

II 

II 

33000 

32000 

8.64 

II 

19-9^/8 

120 

33900 

33000 

8.68 

II 

II 

II 

31000 

32000 

30200 

31100 

8.61 

II 

II 

II 

31000 

30000 

5/3 

106 
120 
121 

115 
117 
118 

109 
112 
113 

Heavy  Sections. 
ft     \           A 

8- HQ)l.x62-W. 
=18.27° 

17.86 

2.09 

8'-87£ 

50 

34000 

30000 

17.82 

II 

II 

II 

36100 

35400 

31000 

31200 

17.86 

II 

II 

II 

36000 

32500 

18.05 

II 

l4'-9^/8 

85 

33900 

32000 

17.73 

II 

II 

II 

32000 

32300 

30500 

30600 

17.77 

II 

II 

II 

31000 

29300 

17.76 

II 

20'-l0% 

120 

30000 

29000 

17.97 

II 

II 

II 

30000 

30000 

30000 

29300 

17.73 

II 

II 

II 

30000 

29000 

55 

225 
226 
182 

227 
228 
183 

223 
224 
181 

E^xtrstteavy  Sections. 

a"-  HCoU9l-tb. 
=26.64"" 

27.49 

2.17 

9'-0'/i' 

50 

24000 

19000 

2218 

II 

II 

II 

24600 

25200 

21100 

19700 

27.50 

II 

II 

II 

27100 

19000 

27.28 

II 

t5'-4M 

85 

22600 

19600 

2727 

II 

II 

II 

23000 

23500 

20000 

20200 

27.45 

II 

II 

II 

24800 

21000 

27.50 

II 

21-8^/8 

120 

21000 

19000 

27.54 

II 

II 

II 

21000 

21300 

18500 

19200 

27.57 

II 

II 

II 

21800 

20000 
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TABLE  20. 


ABSTRACT  OF  RECORD  OF  COLUMN   TESTS. 

USEFUL   LIMIT  POINTS  FOR   TYPES    6&6A-IO£IOA. 


Type 

Test 
no. 

Section. 

/Jctual 
Area 

ffattius 
6j/rstion 

Lenttti 

I 

Unit 
Ultimate 
Stren0li 

Average     Unit 
mil  male  Useful  Limit 
Strength   kint. 

/Image 

Useful  limit 

fbinl 

6 

10 
40 

m 

63 
64 

31 
5Z 

71 

Litht  ■Sections 

13. 7Z 

Z.3I 

9-7 '/f 

50 

31200 

24200 

13.78 

II 

II 

II 

31500 

31600 

23800 

24200 

13  72 

II 

II 

II 

32200 

24600 

1365 

It 

l6'-43/!3' 

85 

27800 

23700 

Pi 
l-II0xZ5-lb..737°" 
ZPt.^llW  =6.88 

1368 

II 

II 

II 

29500 

29100 

24500 

24800 

13.60 

II 

II 

II 

30100 

26200 

Totals  14  Z5°" 

13.73 

II 

23-13/16' 

120 

Z6700 

24100 

13.75 

II 

II 

II 

27700 

27200 

24800 

Z4500 

13.65 

II 

If 

II 

27300 

24500 

6fl. 

103 
125 
128 

155 
158 
159 

IZ9 
130 
131 

tiea'/y  Sections. 

23.98 

Z.47 

IO'-3'/2" 

50 

31200 

21000 

23.75 

II 

II 

II 

32800 

32100  22500 

21800 

23.72 

II 

II 

II 

32400 

22000 

23.69 

II 

17^5'% 

85 

27Z00 

23500 

l-II0x3^-lb.J0.Z9°^ 
ZPI^IIxf=  13.75 
TotaUZ4.04°" 

2373 

II 

II 

II 

26800 

26800 

23000 

23300 

23.72 

II 

II 

II 

26400 

23500 

23.64 

II 

24'-8^ 

120 

24900 

22000 

23.83 

II 

II 

II 

24000 

24800 

23000 

22500 

2376 

II 

II 

II 

25500 

22500 

10 

3 

4 
53 

19 
83 
86 

23 
33 
34 

Li§hl  Sections. 

10.77 

Z.33 

9'-8'/2" 

50 

36100 

26000 

10.80 

II 

II 

II 

35700 

35800 

27700 

26800 

10.86 

II 

II 

II 

35600 

26800 

3ff 

10.78 

II 

16'- 6 '/id' 

85 

32500 

26600 

2PI^9'k^'=4500°" 
4L^ZxZxii"=3.760 
ZPI^5i'H"=Z6Z5 
Total  =10.885°" 

10.76 

II 

II 

II 

31900 

32100 

27000 

26900 

10.76 

II 

II 

II 

31900 

27000 

10.75 

II 

23'-3^^" 

120 

28400 

27000 

10.76 

II 

II 

II 

28300 

28400 

25800 

26500 

10.75 

II 

II 

II 

28400 

Z6700 

lOft. 

104 
167 
170 

m 

149 
157 

m 

141 
I4Z 

Heavy  Sections. 

18.60 

Z.34 

9'-9" 

50 

31400 

25500 

18.52 

II 

II 

II 

32000 

31800 

26000 

26000 

18.46 

II 

II 

II 

32100 

26500 

"'!" 

1867 

II 

I6'-6W 

85 

28000 

24500 

3P^ 

2PI.'9xbL  783"" 
4L?ZxZ'x^L624 
ZPI^5i'x^L4.o9 
Total  =18.71"" 

18.65 

II 

II 

II 

Z8000 

28300 

24500 

24500 

18.63 

II 

II 

II 

29000 

24500 

18.64 

II 

23'-4%' 

120 

Z7000 

24500 

18.80 

II 

II 

II 

Z5900 

26300 

23500 

Z4000 

18.65 

II 

II 

II 

Z6000 

Z4000 
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TABLE  21. 
ABSTRACT  OF  RECORD  OF  COLUMN  TESTS. 

USEFUL  LIMIT  POINTS  FOR  TYPES  I &IA-2&2fi-a<&^A. 
S tenderness  Ratio  j^^  155 


Type 

Test 
no. 

Section. 

Aduat 
Area 

tfacfius 
'jiyratiofi 

Length. 

I 

r 

Unit 
Ultimate 
Strength. 

Average 
iJttimate 
Strengtti. 

Unit 

'IseMLimil 

Point 

Average 

UsefutUmit 

Point 

1 

207 
218 
222 

LigfitSedions. 

— ir- 
II 

/7Z?  5x3/|"=  9.60"" 

IPLeU"     =  1.875  , 

Total  =  //.  475° 

11.84 

Z.24 

28^1/^" 

155 

27000 

26000 

11.69 

II 

II 

25600 

26200 

25000 
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The  Committee  has  carefully  couriidered  the  application  of  this 
method  to  the  stress-strain  diagrams  of  full-size  columns.  Tables  16  to 
21  fiive  the  U.  L.  P.  (Useful  Limit  Points)  for  the  colunm  tests,  together 
with  the  average  for  the  three  of  each  series,  also  the  ultimate  strength, 
so  that  comparison  may  be  made  between  the  values  of  the  U.  L.  P. 
and  the  ultimate  strengths,  and  Plates  LVIII,  LIX,  and  LX  are  given 
as  samples  to  illustrate  the  method  used  by  the  Committee  in  deter- 
mining the  U.  L.  P.  values.  To  publish  all  the  diagrams  used  in  these 
investigations  would  cost  the  Society  a  large  sum  of  money,  and  the 
Committee  is  of  the  opinion  that  such  publication  in  this  report  is  not 
necessary.  At  the  completion  of  the  work  of  the  Committee,  the  trac- 
ings of  the  diagrams  will  be  filed  in  the  Library,  and  they  can  be  repro- 
duced at  a  nominal  expense  for  those  engineers  who  desire  to  make  a 
special  study  of  this  phase  of  the  work. 

It  will  be  seen  from  a  study  of  the  tables  of  U.  L.  P.  values  that 
this  method  offers  an  extremely  valuable  indication  of  the  strength  of 
full-size  columns.  It  will  be  seen,  further,  that  the  shape  of  the  cross- 
section  of  the  columns,  as  covered  by  the  programme  of  the  Committee, 
is  of  minor  importance  when  considered  in  connection  with  the  strength 
of  the  material,  as  shown  by  the  U.  L.  P.  values. 

As  mentioned  above,  and  as  will  be  seen  from  Tables  11  to  15,  the 
specimen  coupon  tests  are  not  complete.  The  Bureau  of  Standards 
planned  to  carry  on  a  very  elaborate  supplementary  investigation  during 
1917.  For  some  time,  however,  the  testing  capacity  of  the  Bureau  has 
been  given  over  to  testing  materials  for  war  purposes.  The  tests  here 
published  show  all  that  Dr.  Stratton  can  promise  until  the  close  of  the 
War.  The  Committee  feels  that  the  results  shown  by  these  tests  would 
not  be  changed  materially  by  additional  tests  in  the  series,  and,  realiz- 
ing the  demand  for  information  on  the  subject,  desires  to  make  a  final 
report  based  on  the  available  data. 

The  data  mentioned  above,  namely  Tables  1  to  21,  inclusive,  show- 
ing the  values  of  the  U.  L.  P.  (Useful  Limit  Points),  furnish  all  the 
information  which  the  Committee  has  obtained  in  accordance  with  the 
first  item  of  its  commission — to  determine  the  ultimate  strength  of 
steel  columns  and  struts.  In  making  this  as  a  report,  the  Committee 
has  not  attempted  to  correlate  these  tests  with  the  older  ones  shown  in 
its  report  of  1910.  Some  of  the  columns  given  in  the  1910  report  were 
tested  many  years  ago,  when  it  was  not  thought  necessary  to  have  such 
accurate  measurements  as  have  been  made  in  the  present  series.  To 
attempt  to  correlate  the  older  column  tests  with  the  present  ones  would, 
in  the  opinion  of  the  Committee,  be  of  no  value  except  as  a  general 
speculation. 

It  will  be  seen  at  once  from  the  study  of  the  foregoing  tables  that  the 
record  is  unsatisfactory,  on  account  of  the  large  variation  in  ultimate 
strengths  and  U.  L.  P.  (Useful  Limit  Points)  of  the  columns.     Some 
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of  this  variation  may  be  brought  about  by  the  shape  of  the  column,  but 
most  of  it  can  be  explained  by  the  condition  of  the  material.  Plate 
LXI  is  a  summary  of  the  curves  of  all  of  the  U.  L.  P.  values.  A  sur- 
prising feature  of  these  curves  is  the  variation  in  U.  L.  P.  of  15  000 
lb.  per  sq.  in.  between  columns  of  Types  5  and  5B.    The  average  IT.  L.  P. 

for  —  =  50,  for  columns  of  Type  5,  light  section,  is  34  700  lb.  per  sq.  in., 
r 

and   for   Type   5B,   extra   heavy   section,    it   is   19  700   lb.   per   sq.    in. 

The  lower  value  is  but  57%  of  the  higher,  and  there  is  a  variation  of 

28%  from  the  mean.     These  extreme  variations  may  be  abnormal,  but 

it  must  be  remembered  that  the  tests  were  made  on  material  specially 

chosen,  and  supposedly  the  best  that  the  mills  could  produce. 

On  account  of  this  large  range  in  the  results,  it  is  not  possible  for 
the  Committee  to  execute  satisfactorily  the  first  portion  of  its  com- 
mission, which  was  to  determine  the  ultimate  strength  of  steel  columns. 
The  Committee  does  not  believe  it  is  safe  to  take  the  average  strength 
of  all  the  columns  which  the  Bureau  of  Standards  has  tested  as  a 
basis  for  the  design  of  columns  where  there  is  uncertainty  as  to  the 
quality  of  the  material.  In  order  to  make  a  constructive  report,  there- 
fore, it  is  necessary  to  consider  the  second  part  of  the  Committee's 
commission,  namely,  to  determine  the  safe  working  value  for  columns, 
and  to  make  this  a  safe  working  value  conservative  enough  to  cover 
the  wide  range  in  the  results  shown  by  the  Committee's  programme. 

In  considering  the  safe  working  value  for  a  column,  it  is  necessary 
to  take  account  of  a  number  of  uncertain  and  sometimes  unknown 
factors.    Some  of  these  might  be  enumerated  as  follows : 

(1)  Material: 

(a)  Quality  of  steel.^ — High  and  low  carbon. — Amount  of  work 
received. 

(&)  Uniformity. — Segregations. — Hard  and  soft  spots. 

(c)  Workmanship. — Initial  bends. — Inadequate  or  poor  rivet- 
ing. 

(2)  Condition  of  loading: 

(a)  End  bearing. — Pin  or  square  ends. — Ends  not  milled  per- 
pendicular to  axis. 
(h)  Eccentricity. — Load  not  applied  at  axis  of  column. 

(c)  Transverse  loading. — Combined  beam  and  column  action. 

(d)  Repeated  stresses. — Loads  repeated  and  perhaps  alternated 
many  times. 

(3)  Use: 

(a)   Overloading. — Impossibility  of  always  determining  exact 

loading. 
(h)   Secondary  stresses. —  Sometimes  a  considerable  proportion 

of  the  primary  stress. 
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(r)  Di'toriovatioii  or  corrosion. —  Kxposuro  to  corrosive  ole- 
luents. 

(d)  Facilities  for  inspection. — Forms  of  colunnis  which  may 
he  frequently  and  easily  examined. 

(e)  Warning  of  failure. — Practically  no  warning,  as  compared 
with  tension  memhers. 

(/)  Gravity  of  injury  caused  hy  failure. — Damage  to  life  and 
]n'o]>erty  in  some  cases,  or  only  temjwrary  inconvenience 
in  other  cases. 

(g)   Cost  of  replacement. 

In  the  early  days  of  the  iron  and  steel  industry,  it  was  the  custom 
of  engineers  to  adopt  a  working  unit  stress  for  tension  members  of 
one-quarter  of  the  unit  ultimate  specimen  tensile  strength,  and  they 
spoke  of  a  factor  of  safety  of  four.  When  we  consider  the  distortions 
produced  by  the  stretching  of  tension  members  after  being  strained 
above  the  yield  point,  and  that  manifest  yielding  and  failure  occur 
in  columns  when  the  stress  reaches  about  one-half  of  the  specimen 
ultimate  strength  in  tension,  it  is  evident  that  the  factor  of  safety 
obtained  by  this  older  method  was  nearer  two  than  four. 

In  a  structure  having  both  tension  and  compression  nienibors,  the 
desideratum  in  determining  a  factor  of  safety  is  to  obtain  a  working 
stress  so  that  all  parts  of  the  structure  have  an  equal  capacity  to  resist 
the  applied  loadings. 

Your  Committee  has  made  no  original  investigations  of  the  strength 
of  full-size  riveted  tension  members,  and,  therefore,  cannot  make  as 
definite  a  comparison  with  full-size  riveted  columns  as  would  be  desir- 
able. It  may  be  stated,  however,  that  the  usual  working  stress  in 
tension  is  approximately  one-half  the  elastic  value  of  the  metal,  and 
the  Committee  assumes  that,  in  view  of  all  the  factors  mentioned 
above,  columns  should  have  a  safety  factor  of  at  least  two,  based  on 
the  T^.  L.  P.,  in  order  to  be  on  a  parity  with  tension  members. 

The  average  U.  L.  P.  of  all  the  column  tests  in  the  Committee's 

I  I 

profframme  for  slenderness  ratios,  —  =  50  and  =  80,  is  27  200  lb. 
f     .-.  ^,  J. 

per  sq.  in.    The  U.  L.  P.  for  the  extra  heavy  section,  Type  5B,  slender- 
ness ratio  —  —  50,  wliich  is  the  lowest  value  observed,  is  19  700  lb. 
r 

per  sq.  in.,  which  is  28%  below  the  average,  and  this  appears 'to  be 
too  wide  a  margin  of  under-run  for  safety.  It  would  seem  to  be 
necessary,  therefore,  in  recommending  a  working  stress,  to  assume  a 
U.  L.  P.  lower  than  the  average  of  all  the  tests.  If  we  take  as  a  safe 
assumption  the  mean  between  the  lowest  value  and  the  average  value, 
this  mean  will  be  23  500  lb.,  or  approximately  24  000  lb.  per  sq.  in. 
The  factor  of  two  applied  to  24  000  lb.  will  give  a  safe  working  value 
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of  12  000  lb.  per  sq.  in.  for  columns,  which  stress  the  Committee  would 
reconnnend.  In  this  reconnnendation  it  is  assumed  that  we  are  dealing 
only  with  static  loads,  and  that  a  percentage  of  the  static  stress  will 
be  added  to  cover  the  impact  due  to  moving  loads. 

Lacking  further  experimental  data,  the  Committee  regards  it  as 
unwise  to  assume  a  higher  working  stress  than  12  000  lb.  per  sq.  in.  for 
columns  in  which  the  ordinary,  grade  of  structural  steel  (60  000  lb. 
ultimate  tensile  strength  desired),  is  specified.  It  is,  of  course,  imprac- 
ticable to  know  in  advance  the  precise  U.  L.  P.,  or  any  other  factor 
of  strength,  which  the  metal  used  may  develop.  It  would  be  possible 
to  specify  the  desired  value,  and,  in  important  structures,  to  inspect 
the  material  with  sufficient  care  to  insure  the  rejection  of  all  which 
failed  to  come  up  to  the  specification.  Later  in  the  report  suggestion 
is  made  of  a  method  whereby  those  engineers  who  have  ample  facilities 
for  testing  materials  may  adopt  such  working  stresses  as  are  warranted 
by  the  special  material  tests.  It  must  be  remembered,  however,  that 
a  large  portion  of  the  material  which  is  classed  as  structural  steel  is 
furnished  on  the  manufacturer's  specifications,  and,  in  view  of  the 
Committee's  findings,  probably  most  structural  steel  is  incompletely 
tested. 

The  Committee  would  recommend  that  this  working  stress  of  12  000 

I 
lb.  be  used  for  columns  up  to  a  slenderness  ratio  of  —   =^  80,   and, 

■>• 

above  this  slenderness  ratio,  the  Committee  would  redvice  the  working 
stress  to  allow  for  uncertainties.  The  Committee  realizes  that  the 
results  as  given  in  its  programme  show  that  the  slenderness  ratio  has 

I 
a  comparatively  small  effect,  up  to  values  of  —    =  120.     It  must  be 

r 

remembered,    however,   that   the   tests   were   made   by   the   Bureau    of 

Standards    under    extremely    favorable    conditions,    the    ends    of    the 

column  being  scraped  so  as  to  give  a  bearing  precisely  perpendicular 

to  the  axis  of  the  column.    The  Committee  would  recommend  a  working 

I 
stress  of  8  000  lb.  per  sq.  in.  for  slenderness  ratio  of  —   =  120,  and 

r 

that  the  working  stresses  for  slenderness  ratios  between  80  and  120  be 
determined  by  interpolation. 

The  Committee  realizes  that  the  working  value  recommended  for 
short;  columns  is  lower  than  that  given  by  the  American  Railway  Engi- 
neering Association  formula,  which  has  been  in  use  for  a  number  of 

P  I 

years.     Originally   this  formula  M^as  —  =  16  000  —  70 —  and,  later, 

A  r 

the  upper  section  was  truncated  to  a  maximum  working  stress  of  14  000 

lb.    The  Committee  feels,  in  view  of  its  studies  in  regard  to  the  U.  L.  P., 

that  there  is  no  warrant  for  high  working  stresses  in  short  columns. 
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Ar^uniont  mislit  be  niado  tliat  hijilier  working  values  than  those 
reconunoncled  by  the  Coniniittee  have  been  in  use  for  long  periods  of 
years,  without  failure,  but  the  Engineering  Profession  does  not  need  to 
be  reminded  of  accidents  which  have  been  caused  by  the  failure  of 
columns.  Furthermore,  it  is  evident  that  the  present  processes  used 
in  the  manufacture  of  steel  do  not  produce  a  uniform  material,  and 
that  the  present  methods  of  testing  do  not  give  a  correct  indication 
of  the  compressive  strength  of  the  material. 

TABLE  22. — Summary  of  Kesults  of  ]\Iill  Tests  and  Bureau  of 

Standards  Tests. 


Mill  Specimen  Tests 

MADE  AT  PiTTSHUKGH. 

Buheau  of  Standards 
Specimen  Tests. 

Average  U.L.P. 

of  full-size 

columns 

"T  =  50  and  85 

^SZl  1=13 

Type. 

Average 
drop  of 
beam. 

Average 
ultimate 
strength 

Number 

of 

tests. 

Average 
U.L.P. 

Average 
ultimate 
strength 

Number 

of 

tests. 

<  p  g  S  11 

1?|     11 

34  000 
38  300 
36  400 

58  900 

59  500 
59  600 

7 
7 
4 

33  100 

29  800 
31  100 

59  000 
5G200 
57  000 

8 
2 

1 

28  300 

25  000 

26  200 

32  000 
28  600 
27  700 

36  500 
36  900 

57  700 
59  700 

5 

4 

32  500 
30  200 

53  800 
58  40O 

8 
6 

28  100 
26  800 

Ul 

_^ 

32  900 
31400 

39  800 
37  900 

55  600 
59  200 

5 
2 

34  100 

55  400 

4 

28  200 
25  500 

3   1   -       r 

33  300 

28  800 

4AJ    11         J 

36  500 

37  700 

58  100 

59  400 

5 

4 

33  800 
27  100 

58  000 

59  700 

13 
13 

31600 
22  900 

35  400 
27  900 

5     1 
5bJ 

37  500 
33  300 
22  600 

61500 
57  900 
56  400 

2 
3 
12 

33  800 
30  900 
20  000 

36  200 
33  800 
24  400 

34  600 
38  300 

57  600 
60  400 

9 
3 

::::: 

24  500 
22  600 

6    1 
6A] 

30  400 
29  500 

'    '^ 

34  600 

59  400 

5 

33  500 

61  600 

3 

30  000 

32  500 

8  i~i r 

W  J — L 

39  200 
37  600 

56  300 

58  700 

6 
3 



31  200 

29  400 

34  200 
32  300 

10    \     "I 
10  AJ     _i_ 

- 

37  600 
37  600 

58  100 
61700 

16 
S 

26  800 
25  200 

34  000 
30  100 

The  difference  between,  the  strength  of  the  material  as  indicated 
by  the  mill  tests  made  in  the  ordinary  commercial  manner  and  the 
same  material  when  fabricated  into  columns  is  strikingly  shown  by 
Table  22.  It  will  be  noted  from  the  portion  of  the  table  giving  the 
values  for  the  specimens  tested  at  the  mill  that  neither  the  ''yield 
points",  as  indicated  by  the  drop  of  the  beam,  nor  the  ultimate  strengths, 
bear  anv  consistent  relation  to  the  U.  L.  P.'s,  or  ultimate  strengths. 
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of  the  full-size  columns.  Tn  most  cases,  material  which  gave  the  lower 
strength  in  the  full-size  columns  gave  the  higher  "yield  point",  as 
indicated  by  the  mill  tests,  and,  on  the  other  hand,  the  U.  L.  P.'s  of 
the  specimens,  as  determined  by  the  Bureau  of  Standards,  bear  a  very 
definite  and  constant  relation  to  the  U.  L.  P.'s  of  the  full-size  columns. 
While  the  studies  of  the  Committee  point  to  a  method  whereby  the 
strength  of  material  for  columns  may  be  correctly  determined,  until 
some  such  method  has  been  generally  adopted,  the  ■  Committee  must 
recommend  a  conservative   safe  working  value. 

The    Committee    has    not    attempted    to    determine    safe    working 

values    for   columns   with    slenderness   ratio    above  —   =   120.     Some 

r 

I 
tests  have  been  made  and  recorded  for  a  slenderness  ratio  of  —  =  155 

r 

which  may  serve  as  a  guide  to  engineers,  but  the  Committee  does  not 

feel  that  these  data  are  sufficient  to  carry  its  recommendation  higher 

I 
than  a  slenderness  ratio  of  —  =  120. 

r 

The  Committee's  report  covers  only  sections  designed  to  avoid  the 
necessity  of  latticing  or  battens,  and  tested  with  square  ends.  It  has 
not  been  possible  to  consider  the  effect  of  different  arrangements  of 
the  ends.  Details,  such  as  lattice  bars,  tie-plates,  batten-plates,  and 
pin-plates,  have  not  been  considered,  because  the  Committee  felt  that 
the  more  important  factor  was  the  strength  of  the  material  in  the 
columns,  and  that  the  question  of  details  could  be  left  until  later. 
The  Committee  would  refer  engineers  to  the  reports  of  the  Committee 
on  Iron  and  Steel  Structures  of  the  American  Kailway  Engineering 
Association,  which  has  worked  in  co-operation  with  your  Committee, 
and  has  considered  some  of  the  details  mentioned  above. 

Your  Committee's  report  covers  only  one  grade  of  steel,  which  is 
the  ordinary  structural  grade,  with  a  desired  ultimate  tensile  strength 
of  60  000  lb.  per  sq.  in.  Your  Committee  has  not  considered,  except 
in  a  very  general  way,  the  question  of  transverse  loadings,  repeated 
loadings,  and  long-time  tests,  and  these  features  will  have  to  await 
the  accumulation  of  additional  data. 

The  Connnittee  realizes  the  demand  of  many  engineers  for  a 
scientific,  rational  column  formula.  Numerous  theoretical  formulas 
have  been  promulgated  from  time  to  time,  all  of  them  based  on  entirely 
elastic  material  of  uniform  grade.  At  the  present  time  it  seems  useless 
to  the  Committee  to  attempt  to  write  a  rational  column  formula,  from 
a  theoretical  standpoint,  with  the  possibility  of  variations  of  28%  in 
the  strength  of  the  material. 
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The  careful  selection  of  specimens  located  by  the  inspector,  and 
the  testing  of  these  with  extensometers,  means  an  increased  cost  of  the 
material,  both  to  the  rolling  mill  and  to  the  purchaser.  The  Committee 
believes,  however,  that  the  resultant  saving  and  the  assurances  of  safety 
for  large  tonnages  and  important  structures  would  warrant  such 
increased  expense.  Possibly  such  inspection,  if  extensively  carried  out, 
would  improve  the  methods  of  manufacture  of  steel,  thereby  producing 
a  more  uniform  material. 

To  those  engineers  who  desire  to  undertake  such  inspection,  the 
Committee  would  recommend  the  study  of  Table  23,  which  shows  the 
comparison  between  the  U.  L.  P.'s  of  the  specimen  tests,  and  the 
U.  L.  P.'s  of  the  full-size  tests.  As  before  stated,  the  Bureau  of 
Standards  has  not  been  able  to  supply  the  Committee  with  the  full 
quota  of  specimen  tests.  It  will  be  seen  that,  where  only  a  few  specimen 
tests  were  furnished,  the  complete  record  of  the  material,  so  far  as 
relates  to  the  condition  in  the  flange  and  the  root,  cannot  be  satisfac- 
torily averaged,  but  the  Committee  is  giving  all  the  information  that 
it  has  at  hand.  Some  of  the  specimen  tests  were  made  in  tension  and 
some  in  compression,  and  these  tests  from  different  parts  of  the  cross- 
sections  of  the  columns  were  weighted  in  proportion  to  arbitrarily 
assumed  areas.  The  data  are  too  meager  to  warrant  a  recommendation 
as  to  the  use  of  the  average  of  these  percentages  in  the  design  of  future 
columns,  but  they  may  serve  as  a  guide  to  those  engineers  who  desire 
to  begin  investigations.  As  most  specimen  tests  are  made  from  the 
long  legs  of  angles  and  the  webs  of  X-beams  and  channels,  on  account 
of  the  convenience  in  securing  the  specimens,  the  table  giving  the 
percentage  of  the  U.  L.  P.  of  full-size  columns  below  web  specimens 
should  afford  the  best  guide  as  to  what  might  be  the  probable  U.  L.  P. 
strength  of  full-size  columns  after  the  specimen  U.  L.  P.  was  known. 

As  stated  in  the  beginning  of  this  report,  your  Committee  has 
been  in  service  for  9  years,  and  it  is  the  feeling  of  its  members  that  col- 
lateral lines  of  investigation  can  be  carried  out  by  the  appointment 
of  a  new  Committee,  rather  than  by  the  continuance  of  the  old  one. 

Complete  records  of  the  work  of  the  Committee  Avill  be  filed  in 
the  Library  of  the  United  Engineering  Society.  At  the  close  of  the 
War,  the  Bureau  of  Standards  may  be  in  a  position  to  complete  the 
programme  of  testing  the  coupon  material  set  aside  for  specimen  tests, 
and  the  Committee  has  the  assurance  of  Dr.  Stratton  that  the  record 
of  this  result  will  also  be  available  for  the  files  of  the  Library. 

Your  Committee  desires  to  express  thanks  to  the  Bureau  of 
Standards,  which  provided  the  tests  on  which  this  report  is  based, 
and  to  Dr.  S.  W.  Stratton,  Director,  and  his  assistants,  who  made 
many  investigations  and  suggestions,  for  their  loyal  co-operation  and 
support. 
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Believing  that  the  foregoing  report  completes  the  work  which  the 
Committee  can  at  present  perform  to  advantage,  it  now  asks  to  be 
discharged. 

For  the  Committee, 

Lewis  D.  Rights, 

Chairman. 
C.  W.  Hudson, 

Secretary. 
Committee: 

James  H.  Edwards, 
C.  W.  Hudson, 
Charles  F.  Lowetii, 
Ralph  ;Mod.ieski, 
Lewis  D.  Rights, 
George  F.  Swain, 
Emil  Swensson, 
J.  R.  Worcester. 

November  22d,  1917. 
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PAPERS  AND    DISCUSSIONS 

This  Society  is  not  responsible  for  any  statement  made  or  opinion   expressed 
in  its  publications. 


PROGRESS  RE1»()RT 

OF  THE  SPECIAL  C0M:MITTEE  ON  THE 

REGULATION   OF  WATER  RIGHTS.* 


To  THE  American  Society  of  Civil  Engineers: 

Previous  Reports. — The  Special  Committee  on  a  National  Water 
Law  presented  a  unanimous  report  printed  on  pages  2747-2751  of  the 
Deeemhor,  1915,  Proceedings,  pointing  out  the  relative  importance  of 
various  uses  of  water,  and  embodying  certain  principles  which  should 
be  generally  approved  as  forming  the  foundations  for  a  body  of  water 
laws.  Following  the  presentation  of  this  report,  extra  copies  were 
printed  and  distributed  to  various  organizations  of  engineers  and  to 
bar  associations,  invitations  being  given  to  co-operate  with  the  Special 
Committee  in  the  discussion  of  these  principles. 

The  original  Committee  of  nine  members,  distributed  geographically 
throughout  the  United  States,  was  found  to  be  unwieldy,  and,  at  the 
suggestion  of  the  Committee  on  Special  Committees,  the  Special 
Committee  on  a  National  Water  Law  was  reduced  in  number  from 
nine  to  three  members,  and  thus  continued  during  1916,  a  Progress 
Iveport  being  submitted  and  printed  in  the  Proceedings  for  December, 
1916,  pages  1937-1942.     It  was  then  shown  (page  1941): 

"That  the  Committee  has  entered  upon  a  course  which,  for  results, 
doninnds  long-continued,  systematic,  and  intelligently  directed  efforts, 
mainly  toward  the  diffusion  of  information,  to  be  followed  by  dis- 
cussion of  these  large  matters  by  the  great  body  of  engineers.  Any 
attempt  to  initiate  legislation,  especially  that  far-reaching  in  char- 
acter before  the  engineers  as  a  whole  have  fully  considered  the 
underlying  principles,  would  be  unfortunate." 

The  Committee  was  continued  in  its  work  during  1917,  with  a 
view  to  developing  many  of  the  details  in  which  the  matter  in  hand 
had  rami  lied. 

*  To  be  presented  to  the  Annual  Meeting,  January  16th,  1918. 
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Enlargement  of  Scope. — Following  the  Annual  Meeting  of  the 
Society  in  January,  1917,  the  "Committee  [of  the  Board  of  Direction] 
on  Special  Committees"  stated  that  in  view  of  its  opinion  that : 

"It  is  no  function  of  an  engineering  society  to  prepare  water  laws, 
either  State  or  Federal,  and  that  the  whole  question  of  legislation  and 
preparation  of  laws  can  better  be  dealt  with  by  other  professional 
organizations,  the  present  title  of  this  Committee  is  a  misnomer,  and 
the  Committee  should  be  rechristened" 

and  suggested  a  "Special  Committee  on  the  Regulation  of  Water 
Rights."  This  action  was  taken  with  a  view  to  "the  enlargement  of  the 
scope  and  field  of  the  investigations  of  this  Committee,  to  cover  sources 
of  water,  pollution  of  water  supply,  irrigation  and  other  uses  of  water, 
in  addition  to  its  use  for  power  development." 

This  recommendation  having  been  favorably  acted  on,  the  Special 
Committee  revised  its  field  of  work  accordingly,  but  still  adhering  to 
the  consideration  of  the  principles  involved  in  the  matter,  as  indicated 
in  the  Progress  Report  printed  in  December,  ]915,  as  these  principles 
were  fundamental  to  the  details  previously  mentioned.  About  this 
time,  the  upheaval  resulting  from  the  declaration  of  war  with  Germany 
distracted  the  attention  of  various  co-operating  agencies  and  of 
individuals,  rendering  it  impracticable  to  continue  the  orderly  dis- 
cussion, and  indefinitely  delayed  the  completion  of  matters  in  hand. 

Change  of  Viewpoint. — It  should  be  emphasized  that  the  past  year 
has  been  one,  not  only  of  titanic  preparation  for  war,  but  of  unpre- 
cedented change  in  our  conception  of  civil  matters  and  relations. 
The  powers  and  duties  of  the  Federal  Government  have  been  greatly 
magnified,  and  the  statement  of  principles  which  a  short  time  ago 
were  considered  as  almost  revolutionary,  are  now  accepted  as  axiomatic. 
The  ideas  concerning  the  regulation  of  water  rights  and  the  duties 
of  the  Federal  Government  in  this  matter  are  involved  in  this  change. 
To  a  small  extent,  at  least,  the  statements  enunciated  by  the  Com- 
mittee on  a  National  Water  Law  have  been  effective,  inasmuch  as 
they  have  been  accepted  and  are  passing  into  current  use  among 
engineers  and  others  concerned  with  fundamentals. 

Legislative  Committee. — The  Board  of  Direction,  on  January  15th, 
1917,  as  shown  by  the  Minutes*  of  the  Meeting,  appointed  Messrs. 
Clemens  Herschel,  William  H.  Bixby,  and  William  IT.  Yates  to 
represent  the  Society  at  any  conference  at  Washington  on  the  subject 
of  Water  Power  Development.  Attention  at  this  time  is  called  to 
the  existence  of  this  other  committee,  in  order  that  there  may  be  no 
confusion  in  the  matter.  The  Special  Committee  on  the  Regulation  of 
Water  Rights  is  entirely  distinct  in  its  functions,  and  has  to  do,  as 
above  stated,  only  with  the  enunciation  of  the  underlying  principles, 

*  Proceedings,  Am.  Soc.  C.  E.,  February,  1917,   p.  74, 
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and  is  not  urginji-  nction  on  any  conjirossionnl  1)111,  its  id<'a  being, 
as  stated  in  those  preliminary  reports,  to  bring  about  a  discussion 
of  fundamentals  and  acceptances  of  these,  rather  than  advocacy  of 
any  particular  form  of  legislation  to  embody  them. 

Supreme  Court. — Besides  the  delays  which  have  arisen  from  war 
conditions,  there  has  been  another  important  contributing  cause, 
namely,  the  fact  that  the  Supreme  Court  of  the  United  States  has 
now  before  it  the  so-called  Wyoming-Colorado  case  in  which  are 
brought  up  for  judicial  decision  some  applications  of  the  principles 
which  are  being  discussed  by  various  co-operating  societies.  Pending 
the  presentation  of  these  and  action  on  them  by  the  Court,  it  has 
been  deemed  wise  to  defer  further  consideration  of  them. 

Elaboration  of  Details. — In  several  matters,  growing  out  of  the 
principles  enunciated  in  the  previous  Progress  Report,  there  has  been 
notable  advance,  particularly  in  connection  with  interstate  waters. 
The  Committee  and  some  of  its  co-operating  agencies  are  in  practical 
accord  regarding  the  following  statement  pertaining  to  such  water, 
and  are  offering  for  further-  discussion  certain  propositions  substan- 
tially to  the  effect  that: 

(a). — All  questions  of  rights  to  the  use  of  the  waters  of  any 
stream  or  body  of  water  flowing  from  one  State  into  another 
or  situated  on  any  boundary  between  States  shall  fall  within 
the  original  jurisdiction  of  the  United  States  District  Courts 
for  that  area,  such  waters  being  referred  to  generally  as 
"interstate  waters." 

(h). — All  persons  in  any  State  claiming  rights  to  the  use  of  inter- 
state water  for  beneficial  purposes  may  be  made  parties  to 
this  suit  and,  after  final  determination,  all  should  be  governed 
by  this  decision. 

(c). — If  rights  claimed  in  two  or  more  districts  are  involved,  the 
case  should  be  heard  before  the  judges  of  the  corresponding 
District  Courts  organized  into  what  may  be  termed  a  "Water 
Right  Court",  the  case  to  be  heard  by  at  least  one-half  the 
number  of  judges  constituting  such  Water  Right  Court. 

(d). — Thus,  in  cases  arising  along  a  river  which  flows  along  or 
through  several  States  or  Court  districts,  all  the  United 
States  District  judges  within  the  area  involved  should  sit 
together  in  such  Water  Right  Court,  and  with  a  view  to  final 
determination  of  these  matters,  all  parties  interested  should 
be  brought  into  the  suit. 

(e). — The  appeal  should  be  made  to  the  Circuit  Court  of  Appeals 
if  only  the  circuit  is  involved,  otherwise  to  the  Supreme  Court. 

(/). — It  is  also  recommended  that  if  such  Water  Right  Court 
be  authorized  by  law,  it  give  due  consideration  to  the  infer- 


2464  EEGULATION   OF   WATER   EIGHTS  [Papers. 

niation  affecting  the  matter  in  controversy  collected  by  any 
State  or  Federal  agency,  and  also  receive  records  of  adjudica- 
tion by  any  State  tribunal  concerning  water  rights  involved 
in  a  proceeding  brought  before  it. 

Although  the  foregoing  is  merely  a  tentative  presentation  of  this 
important  matter,  it  indicates  the  character  of  discussion  which  is 
going  on  concerning  water  rights  and  their  regulation.  It  is  recog- 
nized that  progress  must  necessarily  be  slow,  especially  during  this 
period  when  the  minds  of  engineers  and  their  associates  are  turned 
almost  exclusively  to  war  conditions.  Each  step  needs  to  be  carefully 
studied  and  discussed,  and  though,  on  one  hand,  it  is  important  to 
continue  to  keep  before  the  eyes  of  engineers  these  important  matters, 
yet,  at  the  same  time,  it  is  not  desirable  to  push  consideration  beyond 
a  certain  rate  of  progress  consistent  with  full  deliberation  when 
opportunity  arises. 

Because  of  this  condition,  your  Special  Committee  on  the  Regula- 
tion of  Water  Rights,  following  in  the  footsteps  of  the  previous  Special 
Committee  on  a  National  Water  Law,  Respectfully  recommends  that 
it  be  continued. 

F.  H.  Newell, 

Chairman. 
Committee: 

W.  C.  HOAD, 

John  H.  Lewis, 
F.  H.  Newell. 

November  12th,  1917. 
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A  IK  TANKS  ON  PIPE  LINES 
Discussion.* 


By  L.  11.  JouoExsEN,  M.  Am.  Soc.  C.  E. 


L.  R.  JoRGENSEN,t  M.  Aai.  Soo.  C.  E.  (by  letter).:}: — This  subject  Mr. 
of  air  tanks  on  pipe  lines  is  entitled  to  receive  greater  attention  in  •  o'"^^^^^^- 
the  future  than  it  apparently  has  in  the  past.  There  seems  to  bo  no 
reason  why  such  installations  should  not  be  of  advantage,  especially 
where  turbines  are  the  prime  movers  in  the  power-house.  Undoubtedly, 
there  is  a  field  for  air  tanks  on  modern  pipe  lines,  as  they  act  as  safety 
valves  in  addition  to  whatever  relief  device  may  be  provided  for  the 
turbines.  Mr.  Warren's  paper  is  of  much  value  to  hydraulic  engineers. 
On  high-head  plants  where  impulse  wheels  are  used,  the  proposition 
is  somewhat  different,  especially  if  the  needle  regulating  the  size  of 
the  jet  is  hand-operated  and  the  governing  is  effected  by  deflecting 
the  jet  away  from,  or  into,  the  wheel  buckets.  On  such  a  pipe  line, 
there  would  be  less  need  for  air  tanks,  as  the  changes  in  the  velocity 
of  the  water  in  the  pipe  line  are  under  hand  control. 

The  writer  was  once  connected  with  a  higli-hend  hydro-electric  jilant 
in  Southern  California  where  the  static  head  was  more  than  1  900  ft. 
There  were  several  air  tanks  along  the  pipe  line,  each  tank  connected 
to  the  line  by  a  short  piece  of  pipe  and  provided  with  a  valve.  Soon 
after  being  put  into  use,  these  tanks  filled  up  with  water  completely, 
as  no  compressor  arrangement  had  been  provided  to  furnish  the  neces- 
sary air  to  compensate  for  air  absorption  and  air  leakage  from  the 
tanks.  As  it  was  also  found,  however,  that  the  pipe  line  operated  satis- 
factorily without  the  air  tanks,  no  compressor  was  put  in.  Since  then 
some  of  the  air  tanks  have  been  removed  and  others  have  been  simply 

•  Discussion    of    the    paper    by    Minton    M.    Warren,    Assoc.    M.    Am.    Soc.    C.    E., 
continued   from   November,    1917,  Proceedings. 
t  San  Francisco,   Cal. 
t  Received  by  the  Secretary,    November   12th,    1917. 
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Mr.  disconnected.  This  plant  is  regulated  by  deflecting  needle  nozzles,  the 
orgensen.  j^gg^jj^g  being  operated  by  hand  whenever  great  changes  of  load  take 
place.  Had  the  governor  operated  the  needle  direct — in  connection 
with  an  auxiliary  needle  for  relief — it  is  very  probable  that  the  air 
tanks  would  have  been  advantageous  in  regulating  the  pressiire  in 
the  long  pipe  line.  The  erection  of  a  compressor  and  air  pipe  system 
to  make  the  tanks  operate  properly  would  not  have  been  much  of  an 
undertaking. 

A  short  time  ago,  the  writer  had  occasion  to  inspect  another  high- 
head  plant  (1  800  ft.)  in  California,  in  which  the  needle  inside  the 
nozzle  was  operated  by  the  governor  direct — in  connection  with  an 
auxiliary  needle  for  relief.  There  were  strong  indications  that  an 
air  tank  on  this  line  would  have  been  very  useful  in  preventing  excess 
pressure,  especially  at  times  when  the  load  was  low  and  going  still  lower. 
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DETENTION   RESERVOIRS  WITH   SPILLWAY  OUT- 
LETS AS  AN  AGENCY  IN  FLOOD  CONTROL 

Discussion.* 


Bv  Adoi.ph  F.  Meyer,  ^I.  Am.  Soc.  C.  E. 


Adolph    F.    MEYER,t    M.   Am.    Soc.    C.   E.    (by   letter). J — General     Mr. 
Chittenden's  invitation   to   all  who  are  interested  in  flood  control  to  ^^y^""- 
"contribute    from    their    experience    or    study"    of    the    subject,    has 
prompted  the  writer  to  prepare  the  following  notes. 

In  a  recent  report  by  Mr.  Arthur  Y.  White  and  the  writer,  Con- 
sulting Engineers  to  the  International  Joint  Commission,  in  connec- 
tion with  the  proi)osed  regulation  of  the  level  of  the  Lake  of  the 
Woods  and  the  utilization  of  its  waters,  and  also  in  the  final  report 
of  the  International  Joint  Commission  to  the  Governments  of  the 
United  States  and  Canada,  the  combined  use  of  a  great  reservoir  for 
at  least  three  purposes  is  specifically  set  forth.  Without  going  into 
a  detailed  consideration  of  the  problems  dealt  with  in  these  reports, 
a  brief  statement  may  be  made  of  the  proposed  combined  use  of  the 
Lake  of  the  Woods  reservoir,  for  several  storage  purposes.  Although 
the  problem  was  primarily  one  of  storage  for  public  and  private  uses, 
the  practicability  of  such  use  was  really  contingent  on  the  successful 
control  of  extreme  flood  inflows  into  the  reservoir.  The  utilization  of 
a  natural  lake  as  a  reservoir  for  artificial  storage  for  use  almost 
invariably  involves  an  increase  in  flood  stage  on  the  lake  itself,  in 
tlie  channel  below  the  outlet  of  the  lake,  or  both.  Although  foresight 
may  prevent  these  increases  in  flood  stage,  there  is  no  assurance  that 
it  will,  hence  provision  must  be  made  for  the  conditions  mentioned. 

•  Discussion    of   the    paper  by   the   late   H.    M.    Chittenden.    M.    Am.    Soc.    C.    E., 
continued   from   November,   1917,  Proceedings. 
t  Minneapolis,  Minn. 
t  Received  by  the  Secretary,  November  5th,  1917. 
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Mr.  In  the  present   instance,   the   "top   storage",   instead   of  being  the 

^'^^®'''  cheapest,*  is  by  far  the  most  expensive.  This  is  a  condition  which 
commonly  prevails  on  large  reservoirs  that  utilize  natural  lakes  as 
sites.  The  present  problem,  also,  is  not  a  "headquarters  problem." 
The  water-shed  tributary  to  the  Lake  of  the  Woods  aggregates  26  750 
sq.  miles.  The  mean  reservoir  surface  area  is  1  485  sq.  miles,  and  the 
storage  capacity  is  41  400  000  000  cu.  ft.  per  ft.  depth  on  the  Lake. 

The  manner  in  which  the  available  reservoir  space  was  sub-divided 
in  order  to  secure  the  greatest  aggregate  advantage  to  all  interests, 
both  public   and   i^rivate,   utilizing  the  waters   of  this   Lake   and   the 


'1062..'')0  Extreme  flood  level-: 


Flood-Water  Reserve 


.^lOBl 


Tins  space  to  serve  as  a  "Deteiitiou  Reservoir"  tor  extraordinary  floods     louder  liilei  ualioual  w/. 
061.25  Ordinary  mnximnro  level   .. __^_,„5,  oj  Control  ^ 

Storage  for  Current  Use 'A 

I 

This  space  to  serve  for  storing  oidinary  flood-water  for  current  public  and  private  uses^  X''- 

such  as  navigation,  water-supply,  water-power,  logging,  etc. 


4056.00  Kavig-ition  lo 


'  miiiimuin  (altout  June  Ist  to  November  1st  ) 


Low- Water  Reserve 


Tbifl  Bpace  to  serve  for  BtoriDg  water  that  may  only  be  wjtbJiawu.  under  publ 
maintain  the  dcpeDdableoum»w  autin;  a  petit.d  of  years  of  esliaoidinaiy  Ion  tupyily. 


Under  International 
nirol,  lo       (  Contiol 


Permanent  Storage 

This  space  to  serve  to  increase  iiermanoiilly  tlie  natural  low  water  level  of  the  Lake 
for  the  benefit  of  navigation,  power,  logging,  and  other  interests. 

j^051,(approx.)  Extreme  natural  low-water.  


LAKE  OF  THE  WOODS  RESERVOIR 

Illustrating  Combination  of  Reservoir  Uses. 

Fig.   3. 

shores  and  harbors  thereof,  may  be  better  understood  by  reference  to 
Fig.  3.  The  low-water  level  of  the  reservoir  is  to  be  held  at  about 
5  ft.  above  natural  extreme  low  water,  so  as  to  provide  a  minimum, 
during  the  navigation  season,  of  1056.0,  sea-level  datum ;  this  minimum 
stage  will  also  maintain  permanently  an  increase  in  the  available  head 
at  the  outlets,  reduce  the  cost  of  getting  water  to  the  power-plants  at 
the  outlets,  and  permit  of  a  more  satisfactory  operation  of  saw-mills 
and  power-plants  in  time  of  low  water.  Of  the  permanent  storage 
below  Elevation  1056,  a  portion  is  to  constitute  a  "low-water  reserve" 
for  use  only  imder  international  supervision  and  control,  and  for  the 

*  Proceedings,  Am.  See.  C.  E.,  September,  1917,  pp.  1437  and  1439. 
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pui'i)oso  of  iiiiiintainiii^;'  tlic  dependable  outllnw  (luriu^-  a  ])cri()d  of  years     Mr. 

MGVsr. 
ol  t'xtraordinary  low  sui)ply. 

The  storage  capacity  between  Elevations  105()  and  1061.25,  sea-level 
(latum,  is  to  be  utilized  for  storing  ordinary  flood-water  for  current 
public  and  private  uses,  such  as  navigation,  water-supply,  water-power, 
logging,  etc.  The  head  available  for  power  devploi)ment  at  the  imme- 
diate outlet  of  the  reservoir  is  only  about  20  ft.,  but  an  aggregate  of 
about  290  ft.  of  utilizable  fall  is  partly  developed  on  the  Winnipeg 
River  below  the  outlet  of  the  Lake.  Only  a  small  portion  of  the 
storage  space  between  Elevations  1056  and  1061.25  will  be  used  in 
any  one  year.  The  intention  is  to  eciualize  the  outflow  over  a  long 
period  of  years  to  a  dependable  quantity  of  from  10  000  to  12  000  cu.  ft. 
per  sec.  The  average  rate  of  outflow  from  the  Lake  during  the  past 
24  years  was  substantially  16  300  cu.  ft.  per  sec.  The  extensive  equali- 
zation of  outflow  proposed  will  be  better  realized  by  the  fact  that,  if 
such  regulation  had  been  in  operation  in  the  past,  the  reservoir  would 
not  have  been  full  once  during  the  dry  period  which  lasted  from  the 
spring  of  1910  to  the  spring  of  1916.  During  this  entire  period  no 
water  would  have  been  wasted.  The  lowest  stage  in  the  reservoir  -v^'ould 
have  been  reached  in  the  spring  of  1914.  Notwithstanding  an  extreme 
fluctuation  in  lake  stage  of  more  than  6  ft.,  the  annual  storage  range 
for  75%  of  the  time  during  the  past  24  years  would  have  been  less 
than  2  feet. 

The  upper  1.25  ft.  of  storage  capacity  is  to  be  utilized  as  a  "deten- 
tion resen^oir"  or  "flood-water  reserve",  under  international  control. 
Water  stored  in  this  space  is  to  be  wasted  as  soon  as  possible.  It  is 
the  expectation,  however,  that  the  lower  3  in.  of  this  flood-reserve 
storage  capacity  may  frequently  be  utilized  for  storing  water  for 
use  on  a  falling  lake  stage,  after  all  danger  of  floods  has  passed. 

Automatic  control  of  flood  discharge  was  not  practicable  in  this 
instance.  The  regulating  dam,  consisting  of  a  rock  fill,  and  piers 
and  sluices  with  stop-logs,  is  in  a  rock  channel  about  a  mile  below 
the  natural  outlet  of  the  lake.  With  the  dam  wide  open,  physical 
control  of  outflow  virtually  passes  to  constricted  portions  of  the 
channel  above  the  dam,  where  extensive  rock  excavation  is  required 
under  the  proposed  control.  Under  automatic  control  of  flood  dis- 
charge, reliance  is  placed  on  increased  water  stages,  both  in  the  reser- 
voir and  at  the  spillway  dam,  to  increase  the  discharge.  In  the  present 
instance,  substantially  all  the  available  fall  in  the  main  outlet  channel 
is  used  in  bringing  the  flood- water  to  the  dam.  In  other  words, 
increased  discharge  is  accompanied  by  a  drop  in  water  level  at  the  dam, 
instead  of  a-  rise.  The  cost  of  automatic  spillway  control  in  this  case 
would  be  prohibitive.  Moreover,  the  interests  on  the  river  below  the 
outlets  of  the  lake  make  the  specification  of  a  definite,  maximum,  flood 
discharge  from  the  reservoir  highly   desirable.      The  solution   recom- 
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Mr.     mended  is  to   dispose  of  ordinary  flood  inflow  into   the  reservoir  by 

^^^^'''  storage,  so  far  as  practicable,  below  Elevation  1061.25;  then  to  increase 

the  discharge  until  the  maximum  permissible  rate  on  the  river  below 

the  dam  is  reached;  and  then  merely  to  ''detain"  the  remaining  excess 

inflow  in  the  space  reserved  for  extraordinary  floods. 

The  extreme  flood  stage  of  1062.5  in  the  reservoir  is  equal  to  extreme 
natural  high  water  in  the  lake  recurring  at  intervals  of  perhaps  25  or 
50  years.  The  extreme  flood  discharge  capacity  recommended  exceeds 
the  natural  extreme  flood  stage  on  the  river  below  the  outlet  of  the 
lake  by  about  1  ft. 

The  writer  trusts  that  these  most  essential  facts  will  permit  of  a 
reasonably  good  vmderstanding  of  the  problem  of  combining  several 
storage  projects  at  one  reservoir  site  on  the  Lake  of  the  Woods,  although 
it  is  manifestly  impossible  to  condense  into  a  few  pages  all  relevant 
material  from  the  before-mentioned  four-volume  report. 
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THE  SUBSIDENCE  OP  MUCK  AND  PEAT  SOILS  IN 
SOUTHERN  LOUISIANA  AND  FLORIDA 

Discussion.* 


By  Messrs.  Rudolph  Hering  and  J.  F.  Coleman. 


Ki:dolph  Heringj  ]\r.  Am.  Soc.  C.  E. — This  paper  foniis  an  excel-  Mr. 
lent  contribution  on  a  subject  which  has  not  as  yet  been  fully  covered,  ^''■'"^• 
and,  having  had  some  experience  with  it  in  the  City  of  New  Orleans, 
tlie  speaker  desires  to  add  a  few  remarks  thereon.  On  both  sides  of 
tlie  city  lie  some  of  the  shaded  areas  referred  to  by  the  author.  About 
27  years  ago,  it  was  decided  to  build  a  sewerage  system  in  New 
Orleans;  but  there  was  much  opposition  to  the  usiial  method  of  design. 
It  was  feared  that  the  city  buildings  would  collapse  by  the  drying 
and  settling  of  the  soil  in  conseqiience  of  under-drainage. 

A  system  was  suggested  by  the  late  Col.  Greorge  E.  Waring,  Jr., 
of  keeping  the  sewers  quite  near  the  surface  and  pumping  the  sewage 
frequently.  Another  was  suggested  by  Mr.  Broughton,  adopting  the 
Shone  system,  which,  at  frequent  intervals,  caused  the  sewage  to  be 
pumped  automatically  by  compressed  air.  A  profile  of  a  sewer  built 
on  such  a  system  would  look  like  a  saw. 

The  speaker  was  engaged  in  1892  to  give  an  opinion  on  these  propo- 
sitions, somewhat  novel  and  covering  a  difficult  problem.  It  was  sug- 
gested to  make  some  excavation  tests.  The  ground-water  level  in 
New  Orleans  stood  quite  near  the  surface,  and  the  material  consisted 
of  clay  and  very  fine  sand,  with  some  organic  matter.  The  clay  was 
more  than  half  of  the  bulk.  Consequently,  it  was  impracticable  to 
have  any  cellars  in  the  city,  and,  in  the  cemeteries,  the  bodies  were 
buried  in  mounds  above  the  general  surface. 

*  Discussion  of  the  paper  by  Charles  W.  Okey,  Assoc.  M.  Am.  Soc.   C.  E.,  con- 
tinued from  November,  1917,  Proceedings. 
t  New  York  City. 
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Mr  To  drain  this  soil  would  mean  shrinkage,   and  the  question  was, 

Henng.  -^^^^  much  and  how  soon?  A  test  pit  was  dug,  about  5  ft.  square  and 
about  25  ft.  deep.  It  was  found  that  one  man  excavating  could  also 
keep  the  pit  bailed  out  with  a  bucket.  The  water  oozed  out  of  the 
material  very  slowly ;  at  no  place  was  there  any  current.  In  a  very 
few  days,  the  pit,  if  left  to  itself,  would  fill  with  water. 

It  was  concluded  that  if  the  sewers  were  built  rapidly,  so  that 
the  trenches  would  not  remain  open  long,  they  could  be  readily  bviilt, 
even  at  a  depth  of  25  ft.  The  whole  system  was  designed  accordingly, 
built  with  no  special  trouble,  and  is  in  a  satisfactory  condition  to-day. 
Along  one  block  on  Canal  Street,  the  trench  was  open  for  some  time, 
and  a  crack  occurred  parallel  to  the  street  several  hundred  feet  away. 

George  G.  Earl,  M.  Am.  Soc.  C.  E.,  the  Chief  Engineer,  kept  very 
close  watch  of  the  work  and  the  amount  of  damage  on  such  an  exten- 
sive and  difficult  job  was  very  small.  It  was  naturally  deemed  essential 
to  have  the  sewers  as  tight  as  practicable,  not  only,  because  of  the 
natural  drainage,  but  also  because  of  the  necessary  pumping  of  all 
the  sewage. 

There  were  many  heavy  stone  buildings  in  the  city,  but  in  most 
cases  they  were  founded  on  piles  or  grillage.  In  special  cases,  it  was 
believed  that  it  might  be  required  to  deepen  the  foundations  or  protect 
them  from  deterioration.  It  has  proved  that,  up  to  the  present,  the 
gradual  and  slow  draining  of  the '  subsoil  has  enabled  the  necessary 
precautions  against  collapse  to  be  taken,  and  very  little  serious  trouble 
has  been  caused.  It  has  also  been  proved  that  it  is  now  feasible  to 
have  cellars  for  the  buildings. 

The  speaker  believes  that  these  good  results  are  due  partly  to  the 
good  construction  of  the  sewers,  partly  to  the  fact  that  the  surface 
is  mostly  impervious — owing  to  the  buildings  and  good  pavements  and 
the  quick  removal  of  rain  water  by  a  special  drainage  system — and 
partly  to  the  watchfulness  of  the  authorities. 

To  build  a  sewer  system  in  a  material  that  was  practically  "muck" 
was  certainly  an  interesting  proposition.  Of  great  importance  as 
preliminaries,  in  the  speaker's  opinion,  were  a  physical  analysis  of 
the  soil,  a  minimum  length  of  open  trench,  and  rapid  but  very  care- 
ful construction. 

The  speaker  admits  what  jVIr.  Coleman  says,  relative  to  the  differ- 
ence in  the  soils  described,  but  the  author's  remarks  apparently  refer 
also  to  the  Areas  35,  36,  and  37  indicated  on  the  map,  and  these  imme- 
diately adjoin  the  City  of  New  Orleans.  The  soils,  therefore,  are 
probably  not  very  different.  The  speaker  wishes  to  add  that,  as  it  is 
impracticable  with  ordinary  sewer  construction  to  have  the  sewers 
absolutely  water-tight,  the  ground  imder  the  city  would  eventually 
and  gradually  drain  itself.     It  was  concluded  that  the  shrinkage,   so 
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far  as  it  would  go,  would  have  to  be  very  slow,  and  could  and  should     Mr. 
1)(!  observed  and  suitable  pi'ovisions  made  to  prevent  any  serious  dis-     "'°^- 
tui'bauces. 

J.  F.  Cole  MAX,*  M.  Am.  Soc.  C.  E. — The  speaker  has  been  quite  Mr. 
familiar  with  the  author's  investigations  throughout  the  entire  period  *^°'^™*° 
of  the  operations  in  these  peat  soils,  and  has  been  kept  informed  of  all 
tlie  work  which  he  has  done,  and  with  what  the  governmental  depart- 
ment expects  to  do.  The  speaker  fully  agrees  with  the  remarks  of 
^fr.  ^Morgan  to  the  effect  that  the  information  to  be  gathered  by  this 
series  of  investigations  and  measurements  will  be  of  inestimable  value 
to  those  who  have  to  deal  with  drainage  and  reclamation  projects  on 
these  peat  and  muck  lands. 

The  speaker  has  listened  with  considerable  interest  to  the  remarks 
of  Mr.  Hering  on  the  subject;  but  feels  quite  sure  that  Mr.  Okey's 
paper  does  not  intend  to  deal  with  the  particular  kind  of  soil  which 
Mr.  Tiering  and  his  associates  encountered  in  connection  with  the 
sewerage  and  drainage  of  the  City  of  New  Orleans. 

The  judgment  which  they  expressed  to  the  City  authorities  has 
been  amply  sustained  since  that  time  for  the  reason  that  there  has 
been  no  appreciable  subsidence  of  buildings  in  New  Orleans,  due  to 
the  subsidence  of  the  soil  on  which  they  rested;  and  the  only  troubles 
from  which  buildings  have  suffered  as  a  result  of  this  drainage  has 
been  due  to  the  fact  that  many  of  the  old  ones,  which  were  constructed 
on  spread  foundations,  had  those  foundations  imposed  on  grillage  of 
timber;  and,  in  some  instances — the  number  of  instances  is  rapidly 
multiplying  now — the  lowering  of  the  line  of  saturation  has  caused 
a  decay  in  the  timber  grillage,  and  some  foundations  are  beginning 
to  need  treatment  as  a  result. 

The  soil,  however,  with  which  Mr,  Okey's  paper  deals,  may  be 
more  fairly  denominated  as  peat,  in  so  far  as  Southern  Louisiana  is 
concerned.  It  is  a  soil  which,  under  no  circumstances,  would  carry 
a  greater  load  for  spread  foundations,  for  example,  than  from  100  to 
250  lb.  per  sq.  ft.,  whereas  the  soil  of  New  Orleans,  in  the  area  that 
lias  been  dealt  with  in  the  drainage  and  sewerage  system,  will  support 
from  750  to  1  500  lb.  per  sq.  ft. 

The  soil  of  New  Orleans  has  been  overflowed,  in  years  gone  by, 
by  the  Mississippi  River,  and  portions  of  the  original  muck  soil  there 
have  been  very  completely  filled  over  with  sand  and  silt,  which  would 
be  indicated  by  the  analysis  which  Mr.  Hering  mentioned,  showing 
about  50%  of  sand  and  quite  a  considerable  quantity  of  clay  in  addi- 
tion; whereas,  in  the  peat  or  muck  soil  of  Louisiana,  as  described  in 
Mr.  Okey's  paper,  there  is  virtually  no  sand. 

•  New  Orleans,  La. 
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Mr.  On  such  land,  after  the  water-table  has  been  reduced  by  the  pujnping 

o  eman.  g^^^^j^j^^  ^^^j  j^j^g  been  thus  maintained  for  a  period  of  months,  it  takes 
little  or  nothing  to  set  fire  to  that  soil  during  a  dry  spell;  and  it  will 
burn  down  to  the  water-table.  In  fact,  to  fight  these  fires  they  excavate 
ditches  surrounding  the  fire  down  to  the  line  of  saturation;  so  that 
they  are  truly,  or  almost  truly,  peat  lands.  The  material  may  be 
excavated  from  them  and  made  into  briquettes  for  fuel. 
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PULSATIONS  IN  PIPE  LINES, 
AS  SHOWN  BY  SOME  RECENT  TESTS 

Discussion.* 


By  Norman  R.  Gibson,  Rudolph  Hering,  and  R.  D.  Johnson. 


Norman  R.  GiBsoN,t  M.  Am.  Soo.  C.  E.  (by  lettei-)4 — This  paper  Mr. 
is  one  of  the  most  interesting  and  instructive  that  have  come  to  the 
notice  of  the  writer,  who,  during  the  past  year,  has  had  occasion  to 
make  a  careful  study  of  the  subject.  The  results  of  the  experiments 
are  evidently  reliable,  and  they  supply  the  much  needed  data  with 
which  analytical  calculations  may  be  verified.  With  many  of  the  con- 
clusions of  the  author  the  writer  is  in  accord,  but  not  with  regard 
to  the  general  application  of  his  formula  proposed  for  pressure  variation 
from  normal.  In  the  writer's  opinion,  Mr.  Vensano's  error  lies  chiefly 
in  the  second  assumption  in  the  note  on  the  curve  shown  in  Fig.  28, 
namely,  "penstock  velocity  assumed  to  vary  directly  as  the  time  of 
opening  or  closing  nozzle";  and  this  assumption,  apparently,  has  led 
to  an  incorrect  interpretation  of  the  data  obtained  from  his  experi- 
ments. The  close  agreement  between  the  calculated  values  of  p  and 
the  values  obtained  by  the  experiments  is  due  to  the  fact  that  the 
head  acting  on  the  nozzle  was  very  high,  in  which  case  the  retardation 
of  the  flow  of  water  in  the  pipe  was  more  nearly  uniform  than  it  would 
have  been  under  a  lower  head.  To  apply  the  author's  formula  to  pipes 
under  comparatively  low  head,  however,  would  lead  to  results  which 
it  is  doubtful  would  be  confirmed  by  experiment. 

The  influence  of  the  net  head  on  the  flow  of  water  in  pipes  and 
the  consequent  rise  of  pressure  caused  by  gradually  stopping  the  flow, 

•  This  discussion  (of  the  paper  by  H.  C.  Vensano,  M.  Am.  Soc.  C.  E.,  published 
in  October,  1917,  Proiredinfis.  and  presented  at  the  meeting  of  November  7th,  1917), 
Is  printed  'in  Pr'ocecdinris,  in  order  that  the  views  expressed  may  be  brought  before 
all  members  for  further  discussion. 

t  Niagara  Falls,  Ont..  Canada. 

t  Received  by  the  Secretary,   November   7th,    1917. 
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Mr.     has  been  made  the  subject  of  a  paper  prepared  recently  by  the  writer, 
Gibson.  y  ^ 

in   which  formulas  are   derived  from  Joukovsky's  formula,  h  =  , 

9 
for  instantaneous  water-hammer.  This  paper  at  the  present  time  is 
undergoing  revision,  by  request,  to  make  it  more  easily  understood, 
and  it  is  hoped  will  soon  be  in  shape  for  publication.  The  treatment 
of  the  subject  as  contained  therein  is  too  long  to  be  introduced  here 
as  a  discussion  of  Mr.  Vensano's  paper,  but  the  results  of  his  experi- 
ments are  so  closely  in  accord  with  the  writer's  analytical  results 
that  it  is  hoped  a  brief  exiDlanation  of  them  will  be  found  helpful  in 
studying  the  data. 

The  influence  of  the  net  head  on  the  phenomena  that  occur  in  a 
pipe  when  the  flow  is  being  arrested  cannot  be  neglected,  because  the 
rate  of  retardation  of  the  flow  depends  on  two  factors :  first,  the  closing 
of  the  gate,  and  second,  the  head  acting  on  the  orifice  at  the  gate.  In 
other  words,  the  velocity  of  the  water  in  the  pipe  depends  on  the  area 
of  the  gate  opening  and  the  net  head  acting  on  that  opening.  The 
mag-nitude  of  the  rise  of  pressure  caused  by  gradually  closing  the  gate 
depends  on  the  velocity  destroyed,  the  rate  at  which  it  is  destroyed, 
the  length  of  the  pipe  line,  the  compressibility  of  water,  and  the  elas- 
ticity of  the  pipe.  The  last  two  factors  are  taken  into  consideration 
in  the  velocity  of  the  pressure  wave,  a,  as  determined  by  Joukovsky, 
with  which  all  students  of  this  subject  are  familiar.  For  an  instan- 
taneous closing  of  the  gate,  the  magnitude  of  the  pressure  rise  depends 
only  on  the  velocity  destroyed,  the  compressibility  of  water,  and  the 
elasticity  of  the  pipe. 

The  relation  between  the  velocity  in  the  penstock,  the  area  of  the 
gate  opening,   and  the  net  head,  may  be  expressed  by  the  equation, 

V  =  B  s/li.. (1) 

where  T"^  velocity  of  flow  in  pipe  of  uniform  diameter,   in  feet  per 
second ; 
J/  =  net  head  acting  on  the  orifice,  in  feet; 
B  =  simply  a  number  representing  the  gate  opening. 
During  the  closing  of  the  gate,  all  three  of  these  quantities  vary. 
V  and  B  become  zero,  and  H  rises  to  its  maximum  value.     The  rate 
at  which  B  varies  is  known  from  the  movement  of  the  gate.     The  rate 
at  which   V  varies  is  unknown,   and  depends  on  the  increase  in  the 
value  of  H,  which   is   also   unknown.     At  all   times   during  the  gate 
opening,  however,  the  relation  of  the  three  variables,  as  expressed  by 
the  equation,  must  be  maintained. 

Joukovsky's  formula  for  the  rise  of  pressure  caused  by  an  instan- 
taneous closing  of  the  gate  in  a  pipe  is 

V  a 
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whore  /(  =  rise  of  pressure,  in  feet ;  Mr. 

o  =  velocity  of  the  jiressure  wave,  in  feet  per  second; 
g  =  acceleration  due  to  gravity. 
For  a  sliprht  instantaneous  change  in  velocity, 

J  h  =   "-  zl  V (2) 

g 

Till'  detorniination  of  the  value  of  a  has  been  explained  by  the 
author,  and  need  not  be  repeated  here.  As  already  stated,  the  derivation 
of  the  writer's  formulas  for  the  rise  of  pressure  caused  by  the  gradual 
closing  of  tui-bine  gates,  is  too  long  to  be  given  here,  and  the  formulas 
themselves  are  too  complex  to  be  used  without  a  lengthy  explanation. 
Using  Equations  (1)  and  (2),  however,  a  numerical  problem  may  be 
solved  by  the  trial  and  error  method  of  arithmetic  integration  for  the 
conditions  under  which  Mr.  Vensano's  experiments  were  performed. 
The  calculated  results  may  then  be  compared  with  those  obtained  by 
experiments. 

It  is  unfortunate  that  the  pipe  line  described  by  the  author  is  of 

varying  diameter,  as  this  complicates  the  problem  at  the  outset,  and 

no  doubt  accounts  to  some  extent  for  the  difference  he  found  between 

the  calculated  and  observed  values  of  the  wave  period.     The  observed 

value  of  the  wave  period,  namely,  6.95  sec,  will  be  used  in  the  following 

4  L 

calculations,  and  from  it  is  found  the  value  of  a,  as  =  0.95  sec. 

a 

4  X  6337.42  _  . 

Therefore,  a  =  =  3  64/  it.  ner  sec. 

6.95  ' 

After  determining  the  value  of  a  by  calculation  or  experiment, 
it  would  appear  reasonable  to  assume  that  the  pipe  was  of  uniform 
diameter,  such  that  the  velocity  in  it  was  a  weighted  mean  of  all 
the  velocities  in  the  various  sections  with  respect  to  their  length. 
That  is  to  say,  the  sum  of  the  products,  L^  V^,  L^  V^,  L.^  V.,,  etc., 
divided  by  the  total  length  of  the  pipe,  would  give  a  mean  velocity, 
which,  if  gradually  destroyed,  would  cause  the  same  pressure  rise  as 
would  be  caused  by  the  destruction  of  the  various  velocities  in  the 
pipe  as  it  actually  existed.  Such  an  assumption  may  be  questioned, 
but  it  simplifies  the  labor  of  making  the  calculations,  and  in  this  case, 
at  least,  seems  to  be  justified  by  the  results. 

Table  3  presents  the  pipe  data,  from  which  the  mean  velocities  were 
thus  found  to  be: 

15.055  ft.  per  sec.  when  Q  =  365  cu.  ft.  per  sec. 
7.672    "      "      "         "      Q  =  186     "     "      "      " 
3.877    "      "      "         "      Q=     04     "     "      "      " 

The  calculations  to  determine  the  rise  of  pressure  for  the  conditions 
under  which  the  author's  Experiments  Nos.  15  and  16  were  performed, 
are  tabulated  in  Table  4.     These  may  be  explained  as  follows: 
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Mr.  The  static  head  with  gate  closed  was  582  lb.  =  1  341  ft.     The  gauge 

^'^^'>°-  reading  at  the  gate  was  540  lb.  =  1  244  ft.  To  this  must  be  added 
the  velocity  head,  due  to  the  velocity  at  the  gate,  which  was  32.4  ft. 
per.  sec.  The  velocity  head,  therefore,  was  16.3  ft.,  and  the  total  net 
head  producing  discharge  through  the  orifice  was  1 260.3  ft.  The 
head  lost  in  friction  under  the  full  flow  M'as  1  341  —  1  260  =  81  ft.  The 
value  of  B  may  now  be  found  from  Equation  (1), 
V  15.055 


B  = 


V  ff         Vl260 


=  0.4241, 


TABLE  3.— Pipe  Data  Q 


305. 


Division. 

Diameter, 
in  inches. 

Area,  in 
square  feet. 

Velocity. 
V 

Length. 
L 

LV 

1 

20-26 
26 
36 
52 
54 
60 
66 
72 

2.93 
3.68r 
7.068 
14.748 
15.904 
19.635 
23.758 
28.274 

33.30 

24.740 

25.818 

24.740 

22.fi.50 

18-589 

15.363 

12.909 

4.0 

33.25 

18.0 

194.17 

455.4 

72S.0 

768.0 

4136.6 

133.8 

2 

825.0 

3 

464.7 

4 

4803.7 

5 

10451.5 

6 

13532.9 

7 

11798.8 

8.... 

53400.2 

6.3S7.42 

95410.0 

For  Q  =:  365  Mean  V  = 

For  Q  =  186  Mean  V  = 
For  Q  =    94  Mean  V  = 


95  410 
6337.42 


15.055  ft.  per  sec. 

=     7.672    "     "     " 
.3  877    "     "     " 


The  rate  at  which  B  varies  is  not  uniform,  as  is  shown  by  the 
author's  curve  on  Fig.  6.  From  this  curve  the  time  of  gate  closure 
is  shown  to  have  been  about  69  sec.  During  that  time  the  pressure 
wave  started  by  the  first  movement  of  the  gate  would  travel  up  to 
the  forebay  and  back  at  the  rate  of  3  647  ft.  per  sec,  and,  therefore, 
would  make  19.88  return  trips.  For  the  sake  of  simplicity,  assume 
that  20  return  trips  were  made.  It  should  be  remembered  that  the 
velocity  of  the  pressure  wave  is  constant  and  independent  of  the 
magnitude  of  the  wave.  Now  assume  that  the  gate  was  closed  in  20 
instantaneous  movements,   each   movement   occurring   regularly  every 


2i 


2  L 


seconds.     The  time,  ,  will  be  called  one  "interval." 

a  a 

The  value  of  B  at  each  movement  of  the  gate  may  now  be  deter- 
mined from  the  author's  curve  in  Fig.  6,  by  dividing  the  time  base 
into  20  even  spaces  and  multiplying  0.4241  by  the  ratio  of  the  area 
of  nozzle  opening  opposite  each  division  to  the  full  area  of  nozzle  open- 
ing.   The  result  should  be  plotted  on  a  curve,  and,  after  smoothing  out 


Papers.] 


DISCUSSION   ON   PULSATIONS  IN  PIPE   LINES 


2479 


Gibson. 


the  irroprularities,  the  values  of  B  may  be  taken  oif  and  recorded,  as     Mr. 
shoMTi  in  Column  2  of  Table  4. 

TABLE  4. 


(1) 

(a) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

Ititerval. 

Gate. 
B 

Head. 
H 

Velocity. 
V 

113  A  V 

2  A/l 

0.8571   V3 

A  hf 

2  (Afc 
+  A/1/) 

0 

0.4241 

1260.0 

15.055 
0.155 

17.5 

81.0 

1 

0.4168 

1279.2 

14.90 
0.29 

32.8 

17.5 

79.3 

1.7 

19.2 

2 

0.4084 

1279.8 

14.61 
0.28 

31.7 

15.3 

76.5 

4.5 

19.8 

3 

0.3095 

1284.0 

14.33 
0.33 

37.3 

16.4 

73.4 

7.6 

24.0 

4 

0.3895 

1291.8 

14.00 
0.87 

41.8 

20.9 

70.1 

10.9 

31.8 

6 

0.3784 

1295.5 

13.63 
0.42 

47.5 

20.9 

66.4 

14.6 

35.5 

0.3657 

1805.8 

13.21 
0.49 

55.4 

26.6 

62.8 

18.7 

45.3 

7 

0.3513 

1311.8 

12.72 
0.53 

59.8 

28.6 

58.0 

28.0 

51.8 

8 

0.3354 

1319.0 

12.19 
0.60 

67.8 

31.0 

53.0 

28.0 

59.0 

9 

0.3180 

1329.8 

11.59 
0.65 

73.5 

36.8 

48.0 

33.0 

69.8 

10 

0.2991 

1384.9 

10.94 
0.72 

81.3 

36.7 

42.8 

38.2 

74.9 

11 

0.2781 

1348.2 

10.22 
0.84 

94.8 

44.6 

37.4 

43.6 

88.2 

12 

0.2541 

1359.7 

«.38 
0.92 

104.0 

50.2 

31.5 

49.5 

99.7 

13 

0.2285 

1369.2 

8.46 
0.97 

109.5 

53.8 

25.6 

55.4 

109.2 

14 

0.2009 

1376.6 

7.49 
1.07 

121.0 

55.7 

20.1 

60.9 

116.6 

1.5 

0.1719 

1391.6 

6.42 
1.15 

130.0 

65.3 

14.7 

66.3 

131.6 

16 

0.1411 

1395.8 

5.27 
1  21 

136.8 

64.7 

9.9 

71.1 

135.8 

17 

0.1083 

1407.2 

4.06 
1.3i 

150.1 

72.1 

5.9 

75.1 

147.2 

18 

0.0725 

1416.3 

2.73 
1.365 

151.2 

78.0 

2.7 

78.3 

156.3 

10 

0.0368 

1416.5 

1.365 
1  365 

154.2 

76.2 

0.7 

80.3 

156.5 

20 

0. 

1419.0 

0. 

78.0 

0. 

81.0 

159.0 

Table  4  may  now  be  completed  as  follows :  In  the  first  line  opposite 
B  =  0.4241,  set  down  in  Columns  3,  4,  and  7,  the  known  values  of 
H,  V,  and  hf  (friction  head).  Next  assume  a  trial  reduction  in  velocity, 
caused  by  the  initial  instantaneous  movement  of  the  gate,  and  set  the 
figure  down  in  Column  4  imder  the  value  of  V,  and  subtract  it  from 
1',  placing  the  difference  immediately  underneath.  This  trial  figure 
is  JV,  and  is  assumed  to  be  destroyed  instantaneously  by  the  first 

.     ,         M  V)  a 
movement  of  the  gate.     A  pressure  wave,  J  h,  of  magnitude  = 


=  (^  n 


3  647 
.32.2 


=   113  J    T",  is  therefore   started    up   the  pipe.      The 
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Mr.     product  of  113  //F  is  set  down  in  Column  5,  opposite  ^V.    In  Column 

Gibson,  g   -g  recorded  the  algebraic  sum  of  the  values  of  Jh.     In  Column  7 

the  total  friction  head,  due  to  the  velocity  shown  in  Column  4.  is  set 

down,  and  in  Column  8,  the  friction  head,  recovered  at  each  operation, 

is  shown.     For  convenience,  hf  may  be  made  equal  to  G  V-,  in  which 
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0  is  a  coefficient  obtained  from  the  known  values  at  the  beginning. 
In  the  example,  G  =  0.3574.  Column  9  shows  the  sum  of  the  opposite 
items  in  Columns  6  and  8.  Having  obtained  the  figure  in  Column  9, 
it  is  added  to  the  net  head,  H  =  1  260,  and  the  sum  is  set  down  in  the 
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next  lower  line  in  Colunin  ;].  The  result  must  now  be  checked  to  Mr. 
see  tliat  B  \/~ll  =  V,  whore  B  is  now  0.4108,  and  H  and  V  are  the  "  ^^' 
values  opposite.  If  the  relation  is  not  satisfied,  a  new  trial  value  of 
JV  must  be  chosen,  and  the  operations  repeated  until  a  cheek  is 
obtained.  After  trial,  the  initial  value  of  //F  was  found  to  be  0.155. 
The  operations  for  obtaining:  the  figures  on  the  third  line  are  not  quite 
the  same  as  those  just  described,  because,  after  assuming  the  next 
trial  value  of  ^V,  and  multiplying  it  by  113,  it  must  be  remembered 
that  the  resulting  pressure  at  the  gate  is  reduced  by  the  return  of 
the  first  wave  which  has  travi^lcd  u\)  to  the  forebay  and  back,  and  now 
changes  to  sub-normal  and  repeats  the  journey.  The  time  at  which 
the  gate  is  given  its  second  movement,  has  been  selected  purposely 
to  coincide  with  the  return  of  the  first  wave.  The  item  opposite 
Interval  2,  in  Column  6,  therefore,  is  the  difference  between  the  first 
two  figures  in  Column  5.  The  other  operations  are  similar  to  those 
already  described,  and  the  resulting  figures  in  Columns  3  and  4  are 
checked  similarly  with  the  value  of  B  =  0.4084.  The  succeeding  lines 
are  filled  in  by  the  same  process,  always  keeping  in  mind  the  return 
of  the  preceding  waves,  and  whether  they  change  to  sub-normal  or 
super-normal.  A  little  study  will  disclose  the  fact  that  the  figure 
in  the  second  line  of  Column  6,  may  be  obtained  by  subtracting  the 
figure  in  the  first  line  of  Column  6  from  the  figure  in  the  second  line 
of  Column  5.  Similarly,  the  figure  in  the  third  line  of  Column  6 
may  be  obtained  by  subtracting  the  figure  in  the  second  line  of  Column 
6  from  the  figure  in  the  third  line  of  Column  5. 

Proceeding  in  this  manner  (a  task  easier  to  do  than  to  explain, 
and  one  which  becomes  easy  wdth  a  little  practice),  the  whole  of  Table  4 
is  filled  out,  and  the  resulting  maximum  value  of  H  is  found  to  be 
1-119  ft.  As  the  hydraulic  gradient  has  arisen  to  1  341  ft.  during  the 
gate  closure,  the  rise  of  pressure  above  normal  is  78  ft.  =  33.85  lb. 
The  average  obtained  by  Experiments  15  and  16  was  30.25  lb.,  the 
maximum  being  32.5  lb.,  and  the  minimum  28  lb. 

The  maximum  pressures  at  intermediate  points  on  the  pipe  line 
may  now  be  found  by  plotting  Fig.  32,  in  which  the  length  of  pipe 
line  is  the  abscissa  and  the  pressure  rise  at  the  gate  is  the  ordinate. 
A  straight  line  from  the  ordinate  at  the  gate  to  zero  at  the  beginning 
of  the  pipe  determines  the  ordinates  of  pressure  rise  at  intermediate 
points.  At  Gauge  No.  2,  the  pressure  rise  shown  by  this  diagram  is 
20.2  lb.,  and  the  average  of  the  experimental  values  is  19.9  lb.,  the 
maximum  being  21.5  lb.,  and  the  minimum  18.0  lb.  At  Gauge  No.  3, 
the  diagram  shows  10.5  lb.,  and  the  average  of  the  experimental  values 
is  10.2  lb.,  the  maximum  being  11.2  lb.,  and  the  minimum  9.7  lb.  On 
the  diagram  the  other  calculated  and  experimental  results  have  been 
plotted,  from  which  the  close  agreement  between  the  two  may  be 
noted. 
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B      o      8      o      c      c 

Rise  of  Pressure,  in  Feet. 
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The  foregoing  inothod  may  be  followed  to  determine  the  rise  of  Mr. 
pressure  in  a  pipe  line  caused  by  a  shut-down  under  any  conditions.  ^'^^°"- 
If  smaller  changes  of  gate  movement  are  selected,  say  40  or  80  move- 
ments during  the  closure,  the  increments  of  pressure  at  each  operation 
become  smaller,  but  it  is  a  singular  fact,  though  easily  understood, 
that  the  magnitude  of  pressure  rise  at  the  end  of  each  whole  "interval" 
is  exactly  the  same  as  when  the  integration  is  performed  by  using  gate 
movements  one  ''interval"  apart.  The  formulas  developed  by  the 
writer  are  based  on  the  foregoing  method,  but  determine  the  rise  of 
pressure  at  the  end  of  each  interval,  or  at  any  time  during  the  interval, 
without  recourse  to  trial  and  error  work.  It  will  be  noted  that  this 
method  gives  mivxinuim  water-hanuuer  for  any  duration  of  closure  from 

/2  L\ 
zero  up  to  1  "interval.''    (  1  .     As  the  duration  of  closure  becomes 

longer,  the  resulting  rise  of  pressure  obtained  by  the  method  finally 
approaches  the  value  given  by  Allievi's  well-known  formula,  the  curves 
having  the  general  characteristics  shown  in  Fig.  33.  On  this  figure 
the  corresponding  curves  obtained  from  the  formulas  of  Allievi,  Vensano, 
and  Warren  are  shown  for  comparison. 

The  writer's  conclusion,  therefore,  is  that  Mr.  Vensano's  formula, 

2i  V 

h  —  is  exactlv  correct  when  II  is  infinite,  and  is  approximately 

gt 

correct  when  H  is  very  large.  The  formula  is  not  applicable,  however, 
when  H  is  relatively  small. 

There  are  many  other  interesting  features  of  this  subject,  which, 
owing  to  lack  of  time,  will  have  to  be  reserved  for  future  discussion. 
Among  these  are  the  wave  forms  shown  by  the  graphic  charts,  a  close 
examination  of  which  seems  to  show  that  they  possess  characteristics 
similar  to  the  theoretical  forms  of  the  waves  at  the  various  points 
along  the  pipe,  the  tops  of  the  waves,  it  will  be  noticed,  becoming  flatter 
as  the  upper  end  of  the  pipe  is  approached,  and  sharper  as  they  get 
nearer  the  gate. 

In  conclusion,  the  \vriter  would  like  to  express  his  appreciation  of 
the  valuable  information  which  Mr.  Vensano  has  presented. 

Rudolph  Herino,*  M.  Am.  Soc.  C.  E. — This  paper  deserves  favorabh^     Mr. 
comment.     It  covers  an  imjwrtant  practical  question  on  which  a  great     '^'""^• 
deal  more  information  than  we  now  have  is  needed. 

The  speaker  thinks  that  there  is  still  another  aspect  of  this  subject, 
which  is  not  practically  important  in  the  question  discussed,  but  is 
of  interest  and  perhaps  of  value  in  other  directions. 

A  mathematician  who  delves  into  this  subject  from  a  more  general 
point  of  view  may  be  assisted  in  considering  the  results  which  are 
inevitable  when  two  bodies  move  over  each  other  so  that  they  cause 

•  New  York  City. 
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Mr.  frictional  resistance.  The  subject  was  referred  to  by  the  speaker  in 
Henng.  ^j^^  discussion  of  a  paper  before  this  Society  many  years  ago.  When 
air,  liquids,  or  solids  move  or  slide  over  each  other,  pulsations  are 
caused,  which  sometimes  are  quite  strong.  It  may  be  remembered  that 
it  sometimes  takes  two  firemen  to  hold  the  nozzle  steady  when  a  fire 
stream  is  issuing  at  a  great  velocity.  Left  alone  on  the  ground,  the 
nozzle  would  vibrate  considerably.  At  the  long  outfall  sewer  in  Bir- 
mingham, England,  with  no  gate,  there  was  a  regular  oscillation  of 
the  water  surface  near  the  outlet  to  the  extent  of  several  inches.  No 
explanation  was  given.  A  flag  flying  in  the  wind  shows  oscillations 
caused  by  the  flow  of  air  against  a  solid.  A  trailing  rope  behind  a 
moving  boat  shows  oscillations  caused  by  water  flawing  against  a 
solid.  Unless  a  ball  fired  from  a  gun  is  given  a  rotary  motion  in  the 
barrel,  it  will  not  travel  a  steady  course,  but  will  oscillate.  True 
solids  moving  over  each  other  under  favorable  conditions  cause  vibra- 
tion, generally  sufiiciently  rapid  to  make  a  sound.  Water  dropping 
through  air  or  forced  through  a  fixed  body  of  water,  will  not  travel 
like  a  rod  or  sheet,  but,  by  friction,  will  break  up  into  globules  which 
are  started  by  the  same  forces  as  cause  vibrations  under  other  con- 
ditions. 

The  speaker  believes  that  this  is  not  only  an  interesting  subject, 
but  that  its  mathematical  generalization  may  help  engineers  to  find 
better  solutions  for  many  practical  problems. 
Mr.  E,.  D.  Johnson,*  Esq. — There  is  one  point  in  Mr.  Gibson's  discus- 

sion  which  seems  to  deserve  emphasis. 

Mr.  Gibson  calls  attention  to  the  fact  that  the  actual  state  of 
pressure  existing  in  the  water  column  prior  to  interruption  of  flow 
has  a  marked  influence  on  the  rise  of  pressure  due  to  such  interruption. 

This  statement,  of  course,  is  not  a  novel  one,  and  may  seem  quite 
obvious,  but  neither  Mr.  Vensano  nor  Mr.  Warren  seems  to  have  a 
proper  appreciation  of  the  fact. 

The  speaker  recalls  his  criticism  of  Mr.  Warren^s  paperf  on  this 
same  subject  when  he  called  attention  to  the  error  introduced  by 
reason  of  neglect  of  the  prior  head,  in    computing  the  rise  of  pressure. 

Mr.  Warren  replied,  in  summing  up,  that  any  formula  which  varied 
its  results  with  the  static  head,  must  be  inherently  wrong. 

Such  diversity  of  opinion  on  a  perfectly  definite  matter  should 
not  continue  to  befog  these  studies,  and  it  is  a  satisfaction  to  note 
that  Mr.  Gibson  has  apparently  cleared  up  this  point  beyond  further 
question. 

Any  formula,  such  Mr.  Yensano's  or  Mr.  Warren's,  which  does 
not  involve  the  prior  static  head  must  be  inherently  wrong,  from  a 
practical  point  of  view. 

*  New  York  City. 
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The  speaker  takes  no  exception  to  ^fr.  Vensano's  formula,  if  and  Mr. 
when  there  is  actually  uniform  diminution  of  the  quantity  of  water 
discharp:ed  through  the  gate,  during  closure;  but  this  is  never  the  case 
for  finite  head,  with  a  uniform  closure  of  the  gate,  and  neither  is  it 
so  for  tlie  particular  variable  rate  obtaining  in  the  experimental  work 
which  !Mr.  Vensano  considers  to  justify  his  formula. 

As  a  theoretical  expre-ssion  of  the  true  rise  in  pressure  in  a  practical 
case  of  slowly  interrupted  flow,  this  formula  can  have  no  proper  place 
in  engineering  literature,  and  should  be  finally  and  conclusively  dis- 
carded. 

The  method  of  predetermining  pressure  rise,  as  illustrated  by  the 
speaker  in  criticism  of  Mr.  Warren,  proven  many  times  experimentally, 
is  practically  accurate  for  slow-closing  gates,  at  ordinary  heads,  when 
friction  is  taken  into  account,  and  this  factor  may  easily  be  considered 
as  there  pointed  out,  although  the  numerical  illustration  did  not 
include  it. 

For  rapid-closing  gates  the  wa^ll-known  formula  of  Joukovsky  must 
be  borne  in  mind,  and  just  what  constitutes  slow-closing  and  what 
takes  place  for  intermediate  rates  of  closing  is  apparently  demonstrable 
by  such  methods  as  those  outlined  by  Mr.  Gibson  in  his  discussion. 

If  the  static  head  affecting  Mr.  Vensano's-  experiments,  or  the 
manner  of  gate  motion  during  closure,  had,  either  or  both,  been  mate- 
rially different,  the  rise  of  pressure  would  probably  not  so  nearly  have 

L  V 
airreed  with  the  formula,  2  — — ,  in  fact,  it  could  not,  except  by  a  coin- 

(jT  ^  I       J 

cidence   of   conditions,    and   this    agreement    which   he   finds  must   be 
regarded  as  purely  accidental. 
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Wm.  G.  Raymond,!  M.  Am.  Soc.  C.  E.  (by  letter). t— Without  Mr. 
doubt,  the  book  proposed  by  Mr.  Eberly  would  be  of  value  to  a  certain  ^^*"^°°^- 
class  of  computers,  but  it  is  thought  that  it  would  be  altogether  too 
large  for  general  use.  It  is  proposed  to  have  one  degree  on  a  page, 
with  the  degree  divided  decimally.  This  would  require  a  hundred 
lines,  besides  the  headings,  and  would  mean  a  page  running  from 
about  14  to  17  or  18  in.  long.  The  book,  therefore,  would  be  very 
unwieldy,  and,  of  course,  could  not  be  used  at  all  for  field  operations. 

The  writer  is  a  champion  of  the  decimal  division  of  the  degree, 
being  the  author  of  the  "Field  Manual"  referred  to  by  Mr.  Eberly, 
and  is  also  a  champion  of  five-place  tables  for  field  use,  but  realizes 
that  seven-place  tables  are  absolutely  necessary  for  certain  office 
computations,  although  not  for  the  office  solution  of  field  problems. 
Nor  is  it  practicable  to  use  a  computing  machine  for  field  calcula- 
tions. Therefore,  there  must  be  two  classes  of  tables.  Indeed,  perhaps, 
there  should  be  three  classes:  one  set  for  the  great  bulk  of  engineering 
computations  that  require  not  more  than  fovir-place  tables;  these 
should  be  of  natural  functions  for  use  where  computing  machines  are 

*  This  discussion  (of  the  paper  by  Virgil  A.  Eberly,  Assoc.  M.  Am.  Soc.  C.  E., 
published  in  October,  1917,  Proceedinps,  but  not  presented  at  any  meeting),  is 
printed  in  Proceedings,  in  order  that  the  views  expressed  may  be  brought  before  all 
members   for   further  discussion. 

t  Iowa  City,   Iowa. 

t  Received  by  the  Secretary,   November  8th,   1917. 
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Mr.  available,  but  of  logarithmic  functions  where  computing  machines  are 
a>mon  .  ^^^^  available;  and  until  computing  machines  are  very  much  reduced 
in  cost,  they  will  not  be  generally  available  for  school  classes  or  for 
offices  having  only  a  moderate  quantity  of  computing  work.  The 
second  class  should  be  five-place  tables  for  field  use,  and,  for  this 
purpose,  as  computing  machines  are  not  available,  the  tables  should 
be  logarithmic.  It  has  been  shown  that  the  labor  of  computation  is 
increased  about  50%  by  the  use  of  five-place  instead  of  four-place 
tables,  and  about  one-third  by  the  use  of  six-place  instead  of  five- 
place  tables;  and  no  ordinary  field  work  is  done  with  such  precision 
as  to  warrant  results  certain  to  more  than  four  significant  figures,  for 
which  five-place  tables  give  sufficiently  exact  results.  Certain  city, 
bridge,  and  geodetic  surveys  are  made  with  greater  precision,  and 
require  more  extensive  tables.  The  seeming  precision  of  six-place 
over  five-place  tables  is,  for  practically  all  ordinary  field  purposes, 
merely  a  seeming,  but  it  appears  to  require  great  strength  of  mind 
on  the  part  of  engineers  to  realize  this  sufficiently  to  conform  their 
practice  to  this  truth.  In  the  writer's  judgment,  there  is  really  little 
excuse  for  six-place  tables;  five-place  tables  being  all  sufficient  for 
ordinary  field  operations  and  seven-place  tables  being  required  for 
work  of  higher  precision  comparatively  little  work  of  an  intermediate 
degree  of  precision  being  done.  Therefore,  the  third  class  of  tables 
should  be  seven-place. 

Objection  has  been  made  to  the  use  of  the  decimal  division  of  the 
degree  on  the  ground  that  it  will  cause  the  same  confusion  that  is 
imagined  by  the  objectors  to  the  introduction  of  the  metric  system; 
but  this  is  not  true,  because  there  is  no  change  of  the  unit.  The  unit 
is  the  degree,  or  one-ninetieth  of  a  quadrant,  and  as  American  siir- 
veyors  and  engineers  have  long  since  adopted  for  practically  all  field 
work  the  decimal  division  of  the  linear  unit,  there  would  seem  to  be 
no  logical  reason  for  not  adopting  the  decimal  division  of  the  angle 
unit.  The  adoption  of  the  decimal  division  of  the  degree  would  not 
lessen  the  value,  or  interfere  with  the  ready  reading,  of  any  old  records, 
but  would  materially  lessen  field  work  and  the  chances  of  error  in 
passing  from  decimal  to  sexagesimal  fractions,  an  operation  that 
occurs  in  almost  every  field  calculation  involving  angles. 

Summarizing,  the  writer  supports  Mr.  Eberly  in  his  first  and 
second  propositions;  namely,  that  there  should  be  90°  to  the  quadrant, 
and  that  the  degrees  should  be  divided  decimally;  with  his  fourth 
proposition,  where  tables  are  to  be  used  for  office  computation  of  high 
precision  work;  with  his  fifth  proposition  that  the  tables  should  be  of 
natural  functions  only  in  ease  computing  machines  are  to  be  used; 
and,  in  part,  with  his  sixth  proposition,  that  the  book  should  be  thumb- 
indexed  and  page  numbers  omitted;  but  it  is  suggested  that  each 
page   should   contain   but    one-half   degree    when    the    arguments    are 
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to  one  one-hundredth  of  a  degree,  in  spite  of  the  fact  that  this  would  Mr. 
double  the  number  of  pages  for  the  angle  tables.  Proposition  VII  *^"'°"'  • 
the  writer  does  not  feel  competent  to  discuss.  The  canons  included 
should  cover  the  needs  of  all  computers  of  high  precision  work,  but 
possibly  the  book  should  be  arranged  so  that  it  could  be  published 
in  parts,  not  all  computers  having  n^ed  of  all  the  functions  indicated. 
Perhaps  it  seems  a  bit  curious,  but  the  larger  the  page  the  larger 
should  be  the  type,  that  is,  the  greater  the  number  of  arguments  on 
a  page  the  larger  should  be  the  type,  so  that  placing  100  arguments 
on  a  page  instead  of  the  usual  60  (or  50  for  i°  with  decimal  division) 
will  increase  the  size  of  the  page  more  than  in  i)roportioii  to  the 
number  of  arguments. 
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"W.  II.  BiiEiTHALPT,t  ^r.  Am.  Soc.  C.  E.  (by  letter).:};— This  magnifi-       Mr. 
cent   structure,   well    described   as   of   imposing   magnitude,    adds   but    '^'    ^"^  ' 
another,  if  not  the  greatest,  to  the  long  list  of  achievements  of  its  noted 
designer  and  chief  engineer.     The  bridge,  as  likewise  the  whole  New 
York  Connecting  Railroad  of  which  it  forms  a  part,  will  rank  among 
the  great  things  done  in  American  engineering. 

]\[r.  Ammann's  paper  is  a  valuable  addition  to  the  literature  of 
bridge  engineering  in  its  record  and  analysis  of  the  bold  design  as  a 
whole,  and  the  clear-cut  account  of  details  and  new  departures,  among 
which  may  be  mentioned  the  2-in.  web  plates  and  make-up  of  the  main 
compression  members,  the  large  rivet  sizes,  the  main  arch  bottom  chord 
joint  detail,  the  braking  resistance,  etc. 

In  the  face  of  such  excellence  of  design  and  execution,  it  appears 
graceless  to  criticize;  however,  a  few  remarks  on  the  general  design 
may  be  in  place. 

The  dignified  and  beautiful  abutment  towers  of  the  main  arch  are 
wholly  admirable,  more  especially  when  compared  with  tlie  earlier 
design,  Fig.  8,  with  its  suspended  sign-board  keystone,  its  meaningless 
surface  elaborations,  its  flaring  base,  its  lack  of  form  as  a  whole. 

•  This  discussion  (of  the  paper  by  O.  H.  Ammann,  M.  Am.  Soc.  C.  E..  published 
in  October,  1917,  Proceedinys.  and  presented  at  the  meeting  of  November  21st, 
1917),  is  printed  in  Proceedings,  in  order  that  the  views  expressed  may  be  brought 
before   all  members   for  further  discussion. 

t  Kitchener,  Ont.,  Canada. 

t  Received  by  the  Secretary,  November  21st,  1917. 
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Mr.  For  the  Little  Hell  Gate  Crossing,  deck-truss,  parallel-cliord  spans, 

Breit  aup  .  ^^^  ^^^  ^^^^  designed,  but  ruled  out  by  the  War  Department  on  account 
of  navigation  requirements,  would  have  made  the  most  fitting  struc- 
ture. Arches  are  not  discussed.  It  is  not  clear  why  a  two-hinged, 
spandrel-braced  arch  design,  or  two-hinged,  braced,  double-rib  arches, 
should  not  have  been  used.  A  low-spring,  high  versed-sine  arch  design 
would  have  effected  a  considerable  saving  in  masonry  with  little  or  no 
addition  in  superstructure  weight.  Aside  from  the  floor  support  struts, 
high  at  the  ends,  the  superstructure  frame  could  have  been  of  less 
weight.  Erection  could  have  been  balanced  outward  from  the  piers — 
tied  from  end  abutments — the  material  floated  to  position  underneath 
and  hoisted,  with  only  a  few  bents  under  end-panel  points  each  way, 
thus  effecting  a  large  saving  in  expensive  falsework.  The  skew  inter- 
ference could  have  been  taken  care  of  as  well  as,  or  better  than,  with 
the  bowstring  trusses.  The  bracing  could  have  been  better.  Tlie  bow- 
string spans  have  no  lateral  bracing  along  the  bottom  chords;  the  stiff 
bracing  between  the  trusses,  although  without  bottom  transverse  struts, 
is,  in  the  description  of  the  main  arch  bracing,  rightly  deprecated  as 
tending  to  distortion  under  one-sided  loading.  Expansion  would  have 
been  taken  care  of  separately  for  each  span.  The  relative  movement 
of  rt  6  in.  at  the  center  pier  of  the  bowstring  spans,  as  described,  is 
unduly  large.  With  arches,  the  high  clearance  for  navigation  would 
have  been  at  the  center  of  the  span,  with  plenty  of  room  for  lateral 
movement  of  tow,  instead  of  danger  of  crowding  against  the  piers, 
as  with  the  present  spans.  On  the  other  hand,  the  present  spans,  for 
the  greater  part  of  their  length,  give  fair  clearance  for  ordinary  navi- 
gation. For  navigation,  in  fact,  as  well  as  for  general  appearance, 
three  arches  for  the  crossing  would  have  been  the  preferable  design. 
Lastly,  there  is  the  reason,  the  more  deserving  of  consideration  in 
so  monumental  and  visually  prominent  a  structure,  of  harmony  of 
general  design.  The  inverted  arch  effect  of  the  bowstring  girders,  so 
near  the  main  arch,  involves  something  in  the  nature  of  mental 
gymnastics. 

The  gate-post  design  of  the  towers  marking  the  ends  of  the  Little 
Hell  Gate  Crossing  is  not  entirely  satisfactory,  either  in  photograph  or 
to  the  eye  en  plein.  A  conceivable  purpose  would  have  been  as  shelters 
and  material  or  implement  stores  for  watchmen,  sentries,  or  workmen, 
and  a  design,  lower  while  retaining  massiveness,  would  have  been  in 
keeping. 
Mr.  Leon  S.  Moisseiff,*  M.  Am.  Soc.  C.  E. — This  paper  is  of  imusual 

Moisseiff.  ij^portance  in  the  literature  of  bridge  building,  and  deserves  attention 
and  study.  It  occurred,  under  a  fortuitous  constellation,  that  a  first- 
class  railroad,  provided  with  ample  financial  resources,  undertook  to 
build  a  short  connecting  line  in  the  metropolis  of  the  Western  hemi- 

*  New  York  City. 
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sphei'C.  It,  of  course,  docukd  to  build  the  lu'w  line  in  a  tirst-class  Mr. 
manner;  and,  as  part  of  the  line  happened  to  recpiire  the  erection  of 
a  long-span  bridge  capable  of  carrying  a  very  heavy  traffic,  the  man- 
agement of  the  road,  in  its  wisdom,  selected  a  first-class  bridge  engineer 
with  a  broad  vision  and  decided  scientilic  leanings.  Adding  the 
opportunity  of  ample  time  to  conceive,  to  plan,  to  compare,  to  design, 
and  to  re-design,  and  again  adding  to  the  plans  and  specifications  the 
resources  in  mind  and  matter  of  one  of  the  greatest  bridge  manufac- 
turing concerns  of  the  world,  the  resulting  product  is  such  that 
American  engineers  may  be  proud  of  the  achievement.  The  longest 
arch  bridge  in  the  world,  having  a  span  of  nearly  a  thousand  feet, 
has  been  planned  and  built  so  as  to  produce  an  imposing  and  pleasing 
structure,  well  proportioned  in  outlines  as  well  as  in  details. 

The  paper  is  full  in  its  description  and,  as  it  takes  up  successively 
the  consideration  and  treatment  given  to  the  design  in  general  and  to 
its  details,  numerous  points  are  brought  out  worthy  of  commendation 
and  discussion.  Many  of  the  vital  points  of  bridge  engineering  are 
touched,  too  many  indeed  to  be  given  the  discussion  they  deserve. 

The  comparative  designs  of  the  several  types  of  bridges,  all  vvith  a 
central  span  of  850  ft.,  are  most  instructive.  The  stiffened  suspension 
type  with  eye-bar  chains  has  shown  off  remarkably  well,  for  a  span 
comparatively  small  for  a  suspension  bridge,  such  bridges  being  best 
adapted  for  the  longest  spans.  The  good  showing  made  by  this  type  is 
due  to  the  eye-bar  design.  If  built,  it  would  have  resulted  in  a  fine  and 
economic  bridge.  Somehow,  from  reading  the  paper,  one  obtains  the 
impression  that  if  the  difficulties  encountered  in  one  of  the  abutment 
foundations  had  been  knowTi  at  the  time  of  selecting  the  type,  the 
suspension  bridge  with  a  longer  span,  and  not  the  arch,  would  have 
been  chosen. 

The  difficulties  encountered  in  the  foundation  of  the  Wards  Island 
abutment  were  unusual,  and,  if  known,  the  foundations  would  certainly 
have  been  avoided.  The  appearance  of  the  masonry  towers  flanking 
the  steel  arch  is  good,  but  their  use,  to  restrict  the  size  of  the  foinida- 
tion  and  by  their  weight  to  obtain  a  steep  resultant  to  pass  witliin  the 
middle  third  of  the  base  area,  can  hardly  be  claimed  to  be  economical. 

Very  properly  the  bridge  was  erected  as  a  three-hinged  arch  for 
most  of  the  dead  load  and  was  made  two-hinged  for  moving  load  and 
temperature  only.  In  connection  with  this  the  author  remarks:  "This, 
however,  is  a  convenience  in  erection  rather  than  advantage  as 
regards  stress  action."  This  statement  is  true  where  the  abutments 
are  absolutely  unyielding,  but,  where  any  limited  settlement  may  be 
apprehended,  erecting  the  arch  first  as  three  -hinged  has  a  more 
substantial  advantage  than  mere  convenience  of  erection.  It  has  the 
purpose  of  eliminating  stresses  caused  by  yielding,  which  stresses  may 
become  uncomfortably  large.     In  that  case  it  is  good  policy  to  leave 
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Mr.      the  arch  three-hinged  for  at  least  a  year,  so  that  all  probable  settle- 

MoisseifT.  j^gj^^   ^j^^   yielding   may   have   taken   place   and   be   eliminated,    and, 

after  that  time,  when  no  further  yielding   is  observed,   to  make  the 

arch  two-hinged  in  order  to  obtain  the  advantage  of  increased  stiffness. 

Making  the  bottom  chord  a  massive  rib  sustaining  much  of  the 
dead  load  is  excellent  designing  and  testifies  to  the  engineer's  clear 
conception  of  the  stiffening  function  of  the  truss  members  of  a  braced 
abutment  without  straining  the  remaining  truss  members.  This  is 
good  mechanics  as  well  as  economic  design. 

The  floor  lateral  truss  and  the  braking  girders  are  additional 
instances  of  well-considered  design. 

The  use  of  2-in.  plates  in  compression  members  is  extraordinary. 
The  claim  made  that  metal  of  such  thickness  showed  in  tests  the  same 
elasticity  and  ultimate  resistance  as  ^-in.  material  is  contrary  to 
general  experience.  If  the  manufacturers  were  able  to  roll,  of  the  same 
material,  2-in.  plates  of  strength  equal  to  the  usual  structural  sizes, 
it  would  prove  of  great  interest  to  the  engineering  world.  Hitherto 
it  has  been  held  that  the  heavier  plate  receives  less  work  and  shows 
considerable  decrease  in  strength.  Should  this  claim  be  substantiated, 
the  use  of  stitch  rivets  would  decrease  considerably,  and  heavy  plates 
would  come  into  use  extensively  for  columns.  This  is  a  matter  of 
mucli  practical  importance,  and  deserves  a  full  discussion  by  the 
steel  makers. 

The  ''Rules  of  Design"  laid  down  by  Mr.  Lindenthal  are  so  inter- 
esting that  the  speaker  regrets  that  they  have  not  been  appended  in 
full  to  the  paper. 

The  three-face  joint  of  the  bottom  chord  is  a  novel  feature  in 
compression  chord  bearing,  and  is  a  move  in  the  right  direction  to 
reduce  secondary  stresses  caused  by  erection  deflections.  High  edge 
stresses  are  thei*eby  avoided.  The  speaker,  however,  is  of  the  opinion 
that  the  concentration  of  stress  on  the  middle  portion  should  be  taken 
care  of  in  the  allowable  unit  stress.  In  other  words,  the  computed 
excess  stress  should  be  subtracted  from  the  specified  unit  stress  for 
the  compression  members. 

The  principle  adopted  by  the  designer  for  loads  and  iinit  stresses 
is  the  right  one  for  long-span  bridges.  To  take  into  consideration  all 
possible  forces  and  causes,  including  even  an  allowance  for  secondary 
stresses,  and  then  to  fix  a  proportionately  high  unit  stress  is  a  step 
in  the  direction  of  scientific  approximation  of  actual  conditions  in 
the  bridge.  Of  course,  it  will  require  much  study  and  consideration 
to  arrive  at  a  final  judgment  as  to  the  proper  unit  stress,  but,  con- 
sidering all  factors,  a  nearer  approach  to  true  conditions  will  be 
attained.  At  the  initiative  of  Mr.  Lindenthal,  this  principle  has 
been  partly   applied   to   the   Queensboro'   Bridge   and   entirely   to   the 
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Manhattan   Bridge,  and  now  has  been   adhered  to   in  the  Hell  Gate      Mr. 
Arch.     He  deserves  credit  here  for  his  clearness  of  vision. 

A  step  out  of  the  ordinary  is  the  proportioning  of  compression 
members  on  the  basis  of  net  area,  deducting  the  rivet  holes.  Good 
reasons  for  the  unusual  procedure  are  brought  forward  in  the  paper. 
The  matter,  however,  is  of  such  extraordinary  importance,  atfecting 
the  design  and  the  economy  of  all  steel  structures,  that  it  requires 
careful  research  and  exhaustive  testing  to  adjust  and  co-ordinate 
present  standards  and  specifications.  The  speaker  hopes  that  the 
Society's  Special  Committee  on  Steel  Columns  and  Struts  will  give 
the  matter  the  consideration  it  deserves. 

The  speaker  has  attempted  to  touch  only  a  few  of  the  most 
important  points  in  the  paper.  Many  other  interesting  innovations 
which  it  contains  are  deserving  of  full  discussion. 

The  paper  is  well  jiresented,  and  full  of  information,  and  Mr. 
Amniann  deserves  the  thanks  of  the  Profession  for  his  work. 

The  Hell  Gate  Arch  Bridge  is  an  excellent  example  of  what 
engineering  genius  can  accomplish  if  the  project  is  entrusted  to  one 
mind  to  plan  and  direct,  unhampered  by  red  tape  and  lay  commis- 
sioners. The  bridge  reflects  credit  on  the  Engineering  Profession,  and 
much  praise  is  due  to  Mr.  Lindenthal  and  his  able  associates  and 
co-workers,  as  well  as  to  the  engineers  of  the  American  Bridge 
Company.     They  have  done  well. 

Samuel  T.  Wagner,*  M.  Am.  Soc.  C.  E.  (by  letter). f— The  thanks      Mr. 
of  the  Profession  are  due  to  Mr.  Ammann  for  the  admirable  manner  *^agner. 
in  which  he  has  presented  the  data  of  the  conception,  design,  and  exe- 
cution of  this  most  monvmicntal  structure.    It  is  possible  to  find  answers 
to  nearly  all  the  questions  which  arise  in  its  careful  reading.     This  is 
quite  unusual  in  a  work  of  this  magnitude  and  character. 

The  use  of  plates  2  in.  thick  in  built-up  members  is  so  out  of 
ordinary  practice  as  to  attract  special  attention.  It  is  hoped  that,  in 
closing,  Mr.  Ammann  will  see  fit  to  give  some  of  the  actual  tests  of 
this  material.  The  writer's  experience  has  been  that  such  thicknesses 
are  likely  to  produce  material  which  is  not  wholly  reliable.  Years 
ago,  plates  1  in.  in  thickness  of  satisfactory  quality  were  difficult  to 
obtain,  especially  before  the  use  of  open-hearth  steel  was  general.  If 
Mr.  Ammann  could  give  the  details  of  the  manufacture  of  these  plates, 
it  would  be  specially  interesting.  If  it  is  possible  to  obtain  such 
sections  of  good  quality,  even  at  slightly  increased  cost,  it  will  open 
the  way  for  many  details  which  have  not  been  considered  possible  up 
to  the  present  time. 

The  details  of  the  latticing  are  interesting.  There  are  many  advan- 
tages  in   the   use  of   stiff  latticing   on   members   of  any   considerable 

*  Philadelphia,  Pa. 
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Mr.      size.     Many   members   are   designed  with   such   light   and  inadequate 

Wagner,  ^j^^^^^g  hsiTS  that  even  the  most  careful  handling  in  the  shop  and  during 

erection  results  in  damage  to  them;  and,  frequently,  splendid  work  in 

the  shop  is  spoiled  before  it  is  placed  in  the  structure.    The  spacing  and 

general  arrangement  of  the  latticing  are  also  to  be  commended. 

The  facing  of  the  ends  of  such  large  members  is  a  work  that  requires 
unusual  care  in  the  shop.  There  can  be  nothing  more  important  than 
l)roper  bearing  in  compression  members,  and  the  machine  work  required, 
in  the  writer's  opinion,  is  one  of  the  most  difficult  parts  of  the  shop 
fabrication  that  has  to  be  done  on  such  a  structure.  It  would  appear, 
from  the  stress  measurements  made  on  the  completed  structure  and 
given  in  the  paper  by  Mr.  Steinman,  that  this  part  of  the  fabrication 
is  specially  commendable  on  the  part  of  the  manufacturers.  The  details 
of  the  joints  in  the  bottom  chord  are  most  unusual  and  interesting,  and 
indicate  the  great  care  which  was  taken  in  planning  them.  The 
results  undoubtedly  confirm  the  wisdom  of  the  design. 

The  method  of  drilling  the  main  members  by  punching  a  limited 
number  of  holes,  using  tack-bolts,  and  drilling  the  majority  of  the  holes 
through  the  solid,  is  good  practice.  There  is  no  doubt  in  the  writer's 
mind,  judging  from  his  past  experience,  that  this  is  the  proper  way  to 
do  work  of  this  character,  not  only  from  the  standpoint  of  doing  good 
work,  but  also  of  doing  it  in  the  most  economical  and  workmanlike 
manner.    It  is  specially  true  for  the  higher  carbon  steel  which  was  used. 

The  assembling  of  the  arch  in  sections  is  also  another  most  excel- 
lent detail  of  the  fabrication.  It  would  be  interesting  to  know  whether 
this  was  a  requirement  of  the  specifications.  For  arch  work,  it  is  doubt- 
ful whether  such  details  could  have  been  fabricated  satisfactorily  in  any 
other  way.  The  writer's  first  experience  on  work  of  this  character  was 
on  a  very  small  scale  in  connection  with  the  three-hinged  arch  trusses 
of  the  train-shed  of  the  Reading  Terminal  in  Philadelphia.*  In  this 
case,  the  complete  half  arches  were  assembled  in  the  shop.  If  this  had 
not  been  done,  there  surely  would  have  been  bad  workmanship  and 
difficulty  in  the  erection.  It  is  a  great  comfort  to  any  manufacturer 
to  know  that  the  joints  thus  assembled  are  sure  to  match.  This  is  espe- 
cially true  in  the  case  of  the  Hell  Gate  Arch,  with  its  difficulties  in 
erection. 

The  use  of  ballasted  floor  construction  is  to  be  commended,  although 
its  cost  is  greater  than  the  other  types  referred  to  in  the  paper  as  having 
been  considered.  The  reasons  given  for  its  adoption  are  well  expressed, 
namely,  "more  -uniform  roadbed,  less  noise  and  impact,  smaller  cost 
of  maintenance,  and  greater  safety  in  case  of  derailment  or  fire." 
Although  it  seems  to  be  difficult  to  show  in  actual  figures  the  desira- 
bility of  such  construction  from  a  financial  standpoint,  there  can  be  no 
doubt  that  under  the  conditions  in  this  case  the  additional  cost  was 

*  Transactions,  Am.  Soe.  C.  E.,  Vol.  XXXIV,  p.  181. 
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fully  warranted.  The  advantage  of  having  a  standard  track  in  place  Mr. 
of  special  ties  is  important.  E.xperience  in  viaduct  construction  in 
which  a  solid  floor  was  used  has  shown  conclusively  that  it  is  the  best 
knowTi  detail  for  the  prevention  of  noise.  In  a  number  of  lawsuits,  in 
whicli  damage  from  noise  has  been  claimed,  no  attempt  has  ever  been 
made  to  produce  jn-oof.  It  is  rather  unusual  at  this  time  to  see  a  floor 
of  this  type  designed  so  that  there  is  sufficient  steel  to  carry  the  loads 
without  any  allowance  for  the  use  of  the  embedding  concrete.  It  is  a 
detail,  however,  of  which  the  %vriter  approves,  especially  in  such  a  thin 
floor.  He  would  have  gone  one  step  further,  however,  in  that  the  floor 
would  have  been  water-proofed  in  order  to  give  additional  durability 
to  the  construction,  and  it  is  believed  that  the  additional  cost  would 
have  been  fully  justified.  If,  by  some  means,  water  gets  through  the 
concrete  and  to  the  beams,  a  condition  is  created  which  is  very  unpleas- 
ant to  contemplate.  After  traffic  has  once  been  placed  on  a  structure, 
the  difficulties  of  making  any  repairs  to  the  floor  are  very  serious. 

The  officials  of  the  New  York  Connecting  Railroad  are  to  be  con- 
gratulated on  having  the  foresight  and  financial  courage  to  design  and 
construct  this  bridge  for  four  tracks  instead  of  two.  It  is  a  monument 
to  all  concerned. 
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STRESS  MEASUREMENTS  ON 
THE  HELL  GATE  ARCH  BRIDGE 

Discussion  * 


By  Messrs.  H.  J.  Bingham  Powell.  J.  A.  L.  Waddell,  F.  H.  Frank- 
land,  L.  A.  Waterbury,  F.  D.  Hughes,  A.  H.  Fuller,  and  James 
E.  Howard.  ; 

H.  J.  Bingham  Powell,!  M.  Am.  Soc.  C.  E.  (by  letter) .:}:— The  Mr. 
writer  appreciates  the  care  observed  to  obtain  reliable  results  in  taking  "^'^ 
the  stress  measurements  on  the  Hell  Gate  Arch  Bridge,  but  would 
question  the  accuracy  of  the  methods  used,  that  is,  to  a  matter  of  tenths 
of  a  thousandth  of  an  inch  claimed.  As  Inspection  Officer  in  Charge 
of  the  Department  of  Gauges  and  Standards  of  tl^e  British  Ministry 
of  Munitions  in  the  United  States,  he  has  had,  during  the  last  two 
years,  a  wide  experience  of  the  difficulties  that  are  encountered  in  tak- 
ing fine  measurements  correct  to  a  tenth  of  a  thousandth  of  an  inch, 
unless  the  instruments  are  extremely  accurate  and  are  used  in  uni- 
form conditions  of  working,  temperature,  etc. 

The  principle  of  measurement  of  the  Howard  extensometer  appears 
to  the  writer  to  be  fundamentally  unreliable,  because  of  the  following 
objectionable  features:  The  measuring  points  of  the  micrometer  cal- 
iper are  conical,  and  the  zero  reading  for  any  given  temperature  is 
taken  from  a  "comparison  bar"  with  holes.  The  member  to  be  meas- 
ured has,  similarly,  conical  holes  for  the  insertion  of  the  micrometer 
measuring  points.  The  bearing  of  the  measuring  points  is  not  on  the 
tips,  but  on  the  sides,  and  that  is  where  the  unreliable  feature  in  the 
measurement  enters.    H  the  micrometer  is  not  held  so  that  the  points 

*  This  discussion  (of  the  paper  by  D.  B.  Steinman,  Assoc.  M.  Am.  Soc.  C.  E., 
published  in  October,  1917,  Proceedings,  and  presented  at  the  meeting  of  November 
21st.  1017),  is  printed  in  Proceedinpa  in  order  that  the  views  expressed  may  be 
brought  before  all  members  for  further  discussion. 

+  New  York   City. 
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Mr.  are  "square"  to  the  holes,  the  bearing  on  the  conical  sides  is  very  un- 
°^^^  ■  equal,  and,  consequently,  the  measurement  is  a  fake  one.  Further,  :t 
is  a  most  difficult  matter  to  get  a  satisfactory  micrometer  "feel"  with 
conical  points  bearing  against  the  inclined  sides  of  the  holes.  These 
sources  of  error  present  themselves  twice :  in  taking  the  "zero"  read- 
ing on  the  comparison  bar,  and  again  wheij  measuring  the  member. 
Thus,  the  combined  error  may  be  considerable.  Further,  the  holes  in  the 
member  are  filled  with  oil,  vaseline,  or  ivory  black  paint  for  protection 
until  used.  The  filling  is  removed  by  a  pointed  aluminum  rod,  a  small 
cedarwood  stick,  and  some  absorbent  cotton.  No  doubt,  every  care 
was  taken  in  removing  the  filling,  but  in  the  confined  space  and  under 
the  generally  disadvantageous  conditions  in  which  the  measurements 
were  taken,  it  would  be  difficult  to  obtain  the  thorough  cleaning  out  of 
the  holes  so  necessary  for  any  degree  of  accuracy.  Even  with  the 
polished  surfaces  of  screw  gauges,  the  writer  has  found  that  a  film  of 
oil  on  the  thread  upsets  the  measurements  entirely;  and  the  conical 
holes  are  not  only  similar  in  form  to  the  cross-section  of  the  thread  of 
a  gauge,  but  also  give  a  bearing  on  a  surface  instead  of  a  line,  as  in 
the  former  case,  and  thus  aggravate  the  evil  of  any  film  of  matter  pres- 
ent. Also,  the  holes  in  the  member  are  of  very  imperfect  finish  of 
surface,  and  aid  the  adhesion  of  such  a  film.  The  only  way  to  remove 
these  factors  of  inaccuracy  is  to  abolish  the  use  of  holes  and  substitute 
slightly  projecting  ball-ended  cylindrical  studs,  which  present  a  smooth 
surface,  easily  cleaned,  and  over  which  very  accurate  measurements 
can  be  made.  These  studs  can  be  of  very  small  diameter  and  only 
project  sufficiently  for  an  ordinary  micrometer  (a  micrometer  caliper 
is  unnecessary  in  this  case)  to  have  a  bearing  on  the  anvil  and  spindle. 
The  comparison  bar  of  the  micrometer  would  be  a  plain  rod  with  the 
ends  ground  true,  and  so  the  zero  reading  would  be  a  direct,  and  con- 
sequently, exact,  one. 
Mr.  _  J.  A.  L.  Waddell,*  M.  Am.  Soc.  C.  E.  (by  letter).! — This  paper  is 
not  only  of  great  value  on  account  of  the  important  measurements  of 
both  direct  and  secondary  stresses  which  the  author  records  and  dis- 
cusses, but  it  is  also  exceedingly  interesting  because  of  the  historical 
treatment  of  the  subject  of  measuring  the  actual  intensities  of  working 
stresses  in  bridge  members. 

The  practice  of  stating  near  the  beginning  of  a  paper  the  history  of 
the  subject  treated  is  one  that  is  to  be  highly  commended  in  many 
cases,  for  the  reason  that  it  places  the  reader  at  once  au  fait  with  the 
matter  under  consideration,  and  thus  arouses  his  interest  and  induces 
him  to  study  seriously  what  follows. 

Reliable  information  concerning  the  actual  intensities  of  working 
stresses  in  main  members  of  bridges,  and  especially  in  their  connect- 
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iiig  details,  is  still  rather  meaner,  notwithstanding  the  fact  that  such  Mr. 
information  would  be  of  inestimable  value  to  all  designers  of  steel  ^*^'^^"- 
bridges.  The  difficulty  is  that  the  experiments  necessary  to  obtain 
the  required  knowledge  are  expensive,  and  are  generally  beyond  the 
reach  of  the  individual  engineer.  Engineering  societes  and  railroad 
companies  are  the  logical  organizations  for  conducting  such  experi- 
ments; and,  recognizing  this,  the  American  Railway  Engineering  As- 
sociation (probably  the  most  active  and  progressive  of  all  our  technical 
societies),  some  years  ago  combined  forces  with  a  number  of  the 
prominent  railroad  companies  and,  by  a  well-evolved  series  of  experi- 
ments, secured  a  mass  of  most  valuable  information  on  the  subject 
of  impact  on  bridges  and  bridge  members.  A  similar  series  of  experi- 
ments on  actual  intensities  of  secondary  stresses  in  bridge  members 
and  their  connecting  details  might  well  be  undertaken  by  the  same 
combination  of  forces. 

The  Hell  Gate  Arch  experiments,  incomplete  as  they  are,  consti- 
tute a  fine  start  on  the  investigation  of  stress  distribution;  but  they 
should  be  completed,  so  as  to  include  the  effects  of  live  loads.  Such 
a  finished  series  of  experiments  would  extend  our  knowledge  of  stress 
conditions,  would  determine  the  efficacy  of  new  structural  features, 
would  provide  reliable  information  concerning  the  effects  of  various 
methods  of  erection,  and  would  develop  improvements  in  both  design 
and  construction.  Again,  in  this  manner,  there  could  be  ascertained 
the  relative  importance  of  indeterminate  stresses,  as  well  as  the  actual 
effects  of  using  redundant  members. 

Although,  as  just  stated,  the  scope  of  the  Hell  Gate  Arch  investi- 
gation was  somewhat  limited,  the  results  obtained  are  certainly  valua- 
ble; and  the  engineers  who  evolved  and  conducted  the  series  of 
experiments  are  certainly  entitled  to  the  hearty  thanks  of  the  entire 
Engineering  Profession. 

F.  H.  Frankland,*  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).! — This  Mr. 
subject  is  of  special  importance  and  interest  to  all  those  engineers 
engaged  or  interested  in  the  design  or  construction  of  important  steel 
bridges,  and  the  author  deserves  high  commendation  for  his  thorough, 
painstaking,  and  masterly  treatment  of  a  subject  acknowledged  to  be 
of  the  highest  importance  in  the  development  of  the  science  of  bridge 
designing. 

In  planning  the  work  it  is  doubtful  whether  the  methods  selected 
and  devised  could  be  well  improved  upon,  having  in  mind  the  purpose 
in  view.  Although  the  paper  represents  a  tremendous  amount  of 
work  in  the  calculation  of  the  secondary  stresses  in  the  structure, 
involving  the  solution  of  a  large  number  of  simultaneous  equations 
for  each  condition  of  loading,   and  the  analytical  work  required  in 
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Mr.        digesting  the  results  and  deducing  conclusions,  it  is  remarkable  that 

ran   an  .  ^^^q   -work   has   been  presented   in   such   condensed  form,   and   yet   is 

fully   adequate   for   complete  understanding.      This   tendency   toward 

elimination   of  all   extraneous  matter   in  technical   papers   on   special 

subjects  is  to  be  highly  commended. 

The  importance  of  such  stress  measurements  is  so  great  that  it 
might  be  safely  said  that  such  investigations,  in  the  future,  will  prove 
one  of  the  most  useful  aids  in  the  design  of  bridges  of  unprecedented 
span.  The  writer  is  of  the  opinion  that  the  desirability  of  more  and 
extended  investigations  of  this  nature  is  clearly  indicated;  and  he 
begs  respectfully  to  suggest  that  the  Society  take  under  consideration 
the  idea  of  similar  stress  measurement  investigations  on  the  Quebec 
and  Sciotoville  Bridges,  and  the  completion  of  the  measurements  on 
the  Hell  Gate  Bridge  (those  applying  to  live  load),  thus  securing 
exceedingly  valuable  and  complete  data  on  the  largest  bridges,  of 
the  cantilever,  continuous  truss,  and  arch  types,  in  existence.  Owing 
to  the  probable  great  expense  of  these  proposed  investigations,  which 
would  be  too  onerous  for  any  one  individual  to  bear,  and  to  the 
undoubtedly  great  value  to  the  Profession,  it  would  appear  quite 
fitting  and  proper  for  the  American  Society  of  Civil  Engineers  to 
undertake  this  work,  under  the  supervision  of  a  special  committee.  It 
may  be  well  to  mention,  in  elaboration  of  the  foregoing  suggestion, 
that  the  determination  of  the  live-load  stresses  of  the  Hell  Gate 
Bridge  would  complete  the  measurements  for  that  structure,  and  that 
initial  stress  measurements  have  already  been  made  for  the  Sciotoville 
Bridge,  under  the  direction  of  Gustav  Lindenthal,  M.  Am.  Soc.  C.  E. 
The  results  deduced  from  stress  measurements  of  three  types  of  long- 
span  bridges  would  be  more  valuable  and  conclusive  than  those  for  a 
single  structure. 

Mr.  L.  A.  Waterbury  *  M.  Am.  Soc.  C.  E.  (by  letter).!— On  page  1824:}: 

^„ry'"  of  Mr.   Steinman's  paper,  the  following  paragraph,  which  forms  the 
topic  of  this  discussion,  appears : 

"The  foregoing  discussion  of  results  does  not  include  the  final 
stage  (2-H).  In  that  stage,  in  the  members  near  the  ends  of  the 
span,  the  upper  end  in  every  case  was  found  to  present  a  larger  average 
stress  than  did  the  lower  end.  The  differences  ranged  from  450  to  2  800 
lb.  per  sq.  in.  This  anomalous  result  appears  to  arise  from  some  unex- 
plained disturbance  of  stress  distribution,  and  does  not  represent  any 
error  of  observation." 

This  interesting  condition  of  observed  "stress  may  possibly  be  due  to 
an  irregular  distribution  of  the  stresses  at  the  observed  sections,  which 
might  be  due  to  the  order  in  which  the  drift-pins  and  bolts  were 
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replaced  by  rivets.     Tlie  great  size  oi  the  members  and  the  great  differ-     Mr. 
cnce  between  the  stress  at  the  center  of  member  0-2  from  that  at  the  bury"^ 
top  and  bottom,  for  cacli  section,  for  Stage  (2-H),  suggest  that  there 
might  easily  be  considerable  irregularity  in  the  distribution  of  stresses 
at  each  section,  between  the  lines  of  gauged  deformations. 

To  illustrate  the  principle  involved,  con- 
sider the  simple  case  indicated  by  the  joint 
shown  in  Fig.  7,  and  suppose  that  the  stages 
of  removal  of  drift-pins  and  of  placing  of 
rivets  are  as  follows:  (1)  center  line  of  mem- 
ber A;  (2)  outside  rows  of  member  A;  (3) 
intermediate  rows  of  member  A ;  (4)  interme- 
diate rows  of  member  B;  (5)  outside  rows  of 
member  B;  and  (6)  center  line  of  member  B. 
During  each  stage  a  slight  closing  of  the  butt 
joint  occurs,  which,  for  joints  of  the  type  used 
in  the  Hell  Gate  Arch,  develops  larger  stresses 
in  the  middle  third  of  each  web  than  in  the 
outer  thirds.  At  the  end  of  Stage  (1),  the 
rivets  in  place  are  without  shearing  stress,  but 
during  Stage  (2)  a  slight  closing  of  the  joint 
occurs,  producing  some  stress  in  the  rivets 
placed  during  the  first  stage.  During  Stage 
(3),  the  rivets  placed  in  the  second  stage 
receive  some  stress,  and  those  placed  in  the 
first  stage  receive  an  additional  increment 
of  stress,  but  the  two  intermediate  rows  of 
member  A  are  without  stress.     During  Stage  ^°'  '' 

(4)  a  portion  of  the  load  which  had  been  carried  by  the  splice  plates, 
is  transferred  to  the  web  as  the  butt  joint  closes,  thus  relieving  the 
center  and  outside  rows  of  member  A  of  some  stress,  but,  at  the  same 
time,  developing  some  negative  shear  in  the  rivets  of  the  two  inter- 
mediate rows  of  that  member.  During  Stages  (5)  and  (G),  the  action 
on  the  rivets  of  member  A  is  similar  in  character  to  that  which  occurred 
during  Stage  (4).  At  the  end  of  Stage  (6),  the  center  row  of  rivets 
of  member  B  is  without  stress,  the  outside  rows  of  the  same  member 
have  some  stress,  and  the  two  intermediate  rows  have  considerable 
stress.  Such  a  distribution  of  the  load  among  the  rivets  of  the  splice 
would  tend  to  produce  a  variation  of  the  stress  at  Section  M-M  of 
member  A  of  the  type  indicated  by  the  stress  profile,  which  is  shown 
below  the  joint  in  Fig.  7,  while  the  variation  at  Section  N-N  of 
member  B  would  be  more  nearly  like  that  indicated  by  the  stress 
profile  shown  above  the  joint.  If  the  deformations  are  measured  along 
lines  coresponding  to  the  stresses,  Sc  and  Sg,  of  the  stress  profiles,  it  is 
evident  that  the  total  stress  of  member  A  may  be  equal  to  the  total 
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Mr.  stress  of  member  B,  in  spite  of  the  fact  tliat  all  the  observed  stresses 
^bury'"  f°^  ^^^  ^^^^  member  are  greater  than  those  for  member  B.  The 
deformations  for  member  0-2  for  the  2-11  stage  of  erection,  as  stated 
in  Table  2  of  the  paper,  exhibit  this  character  of  variation,  notwith- 
standing the  fact  that  the  observed  values  are  large  enough  to  be 
considered  fairly  reliable. 

In  attempting  to  check  the  average  stress  at  sections  where  there 
is  an  irregularity  in  the  distribution  of  the  load,  it  should  be  remem- 
bered that,  even  if  readings  are  observed  at  enough  lines  to  determine 
the  correct  variation  in  deformation  for  the  section,  the  average  stress 
will  not  necessarily  be  indicated  directly  by  the  stress  profile,  due  to 
the  variation  in  thickness  of  metal  across  the  section.  The  correct 
average  stress  would  be  obtained  by  weighting  the  stress  for  an  incre- 
ment length  of  profile,  the  weight  being  pro^Dortional  to  the  area  of 
metal  over  which  that  particular  stress  is  effective,  and  by  computing 
the  weighted  mean  of  all  the  stresses  shown  by  the  stress  profile. 
Mr.  F.  D.  Hughes,*  M.  Am.  Soc.  C.  E.  (by  letter)  .t — Engineering  has 

'  been  correctly  called  the  creative  profession,  and  yet  the  engineer, 
who  is  most  directly  connected  with  production  of  the  world's  wealth, 
such  as  manufacturing  and  kindred  lines,  has  very  little  time  to  devote 
to  independent  investigation  of  engineering  problems,  and,  for  that 
reason,  he,  more  than  any  other,  owes  thanks  to  the  authors  of  this  and 
similar  papers,  who  spend  their  time  in  investigation  on  the  frontier 
of  engineering  thought  and  experimental  research.  The  average  Board 
of  Directors  of  corporations  looks  with  scant  favor  on  expenditure  of 
either  time  or  money  in  search,  of  information  and  formulas  in  engi- 
neering that  do  not  promise  an  adequate  financial  return  to  the  cor- 
poration which  it  represents.  Therefore,  as  already  stated,  this  large 
body  of  the  Engineering  Profession,  which,  for  want  of  a  better  term, 
the  writer  would  designate  as  industrial  engineers,  owes  much  to  those 
who  take  the  time  and  opportunity  to  investigate,  for  the  benefit  of  the 
Profession  at  large,  such  problems  as  were  presented  in  the  construc- 
tion of  the  Hell  Gate  Arch  Bridge  and  to  give  the  results  to  the  engineer- 
ing world.  It  is  permitted  to  few  engineers  to  be  connected  with  either 
the  design  or  construction  of  a  structure  of  this  magnitude,  and  per- 
haps the  conclusions  to  be  reached  are  not  of  practical  use  to  a  major- 
ity of  the  Profession,  and  yet  the  paper,  in  itself,  is  a  very  valuable 
contribution  to  engineering  literature. 

In  an  experience  of  some  twenty  years,  mostly  devoted  to  the  design 
and  construction  of  highway  bridges,  the  writer  has  found  a  wide 
diversity  of  treatment  in  the  consideration  of  secondary  stresses.  Such 
treatment  has  varied  from  that  degree  of  refinement  which  might  be 
termed  "painfvd"  in  its  exactitude,  to  that  in  which  the  stresses  were 
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completely  ignored.  As  an  instance,  lie  recalls  the  construction  of  a  Mr. 
140-ft.  span,  designed  to  carry  a  concrete  floor  of  the  Warren  sub-  "'^ 
divided  panel  tyi^e.  all  members  being  riveted,  in  which  the  wind 
stress  was  carried  into  the  lower  chord  and  exact  consideration  was 
given  to  the  increment  of  stress,  even  to  the  changing  of  the  size  of 
section  in  adjoining  panels  where  the  live-  and  dead-load  stresses  were 
of  equal  moment,  thus  necessitating  (if  the  theory  of  the  design  is 
followed),  a  field  connection  between  the  two  panels  where  practice 
should  have  made  the  two  in  one  single  member.  In  view  of  the  fact 
that  the  stringers  were  rigidly  connected  to  the  floor-beam,  the  writer 
considered  this  degree  of  refinement  a  waste  of  material.  On  the  other 
hand,  he  has  seen  numerous  structures  of  highway  design,  of  the  pin- 
connected  type,  in  which  the  entire  lower  chord  was  composed  of  eye- 
bars,  and  in  which  the  first  vertical  member  consisted  of  two  light 
angles  barely  sufficient  to  carry  the  figured  live-  and  deal-load  stresses; 
and  the  detail  of  connecting  the  floor-beam  below  the  chord,  would, 
by  the  same  analysis  of  wind  stress,  cause  bending  in  the  vertical 
member  of  from  40  000  to  50  000  lb.  per  sq.  in. ;  and  yet  these  bridges 
are  standing  and  have  been  carrying  ordinary  traffic  for  years.  Between 
these  two  extremes  lies  the  most  acceptable  practice,  and  the  author's 
conclusion,  that  any  treatment  of  secondary  stresses  should  be  care- 
fully analyzed  and  the  experiments  along  the  line  of  stress  measvire- 
ments  taken  with  considerable  allowance,  is  very  timely. 

The  lesson  to  be  learned  from  the  result  of  these  measurements, 
it  seems  to  the  writer,  is,  that  all  structures  which  are  designed  to 
carry  their  own  weight  during  erection,  as  well  as  eccentric  loading 
from  machinery  or  other  methods  of  handling,  should  have  some  scheme 
of  measurements  for  checking  the  secondary  stresses.  The  additional 
expense  would  be  more  than  made  up  by  the  insured  safety  of  the 
structure  against  probable  loss  of  life  and  limb,  and  would  have  pre- 
vented numerous  disasters  which  have  occurred  on  structures  of  this 
class. 

A.  H.  Fuller,*  M.  Air.  Soc.  C.  E.  (by  letter). f— The  Engineering  Mr. 
Profession  is  certainly  indebted  to  Mr.  Lindenthal  for  developing  the 
erection  of  the  Hell  Gate  Arch  Bridge  into  a  huge,  scientific  experi- 
ment, and  to  the  author  for  the  admirable  manner  in  which  this  has 
been  carried  out  and  presented.  No  one  who  has  given  any  attention 
to  stress  measurements  can  fail  to  appreciate  the  precautions  taken  in 
this  work  and  the  care  in  carrying  them  out,  and  neither  can  any  one 
who  has  ever  attempted  to  compute  secondary  stresses  fail  to  recog- 
nize the  magnitude  of  the  task  along  this  line.  Each  of  these  features 
could  well  be  considered  an  accomplishment,  and  the  combination  of 
the  two,  on  a  structure  of  the  magnitude  and  interest  of  the  one  under 
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Mr.     consideration,  marks  a  new  achievement  in  the  understanding  of  the 
^""^'^'  actual  behavior  of  steel  structures. 

Engineers  would  not  be  doing  their  duty  by  simply  applauding  what 
has  been  done  without  making  an  effort  to  analyze  the  results,  in  a 
manner  that  would  throw  even  greater  light  on  the  subject,  and  to 
remove  the  last  shadow  of  doubt  in  regard  to  the  interpretation  that 
may  be  drawn. 

On  page  1830,*  it  is  stated  that  the  following  relations  are  evident: 

"1. — Except  for  the  smaller  percentage  of  secondary  stresses,  the 
measured  values  are  consistently  lower  than  the  calculated  values. 

"2. — As  the  percentage  of  calculated  stresses  increases,  the  percent- 
age of  measured  values  also  increases,  but  not  as  rapidly. 

"3. — For  the  highest  percentages  of  secondary  stresses,  the  meas- 
ured values  amount  to  only  a  small  fraction  of  the  calculated  values." 

On  page  1836,*  in  Paragraph  5  of  the  Summary  of  Conclusions, 
the  same  points  are  brought  out.  A  probable  interpretation  from  these 
conclusions  is  that  measured  secondary  stresses  are  usually  lower  than 
computed  ones. 

An  examination  of  Plate  XXXVI  discloses  the  fact  that  the 
recorded  measured  secondary  stresses  are  as  great  as,  or  greater  (fre- 
quently much  greater)  than,  the  computed  ones  in  all  cases  where  the 
primary  miit  stresses  exceed  5  000  lb.  per  sq.  in.  and,  with  one  excep- 
tion, for  all  cases  where  the  primary  unit  stresses  exceed  3  000  lb.  per 
sq.  in.,  that  is,  that  the  measured  stress  is  greater  than  the  computed 
on'e  whenever  the  primary  stress  approaches  a  maximum  working  value. 

Although  the  author  withholds  the  measured  secondary  stresses 
for  the  stage,  3-H,  because  of  the  inconsistencies  due  to  added  dead 
load  during  observation,  the  primary  stresses  are  given.  It  seems 
improbable  to  the  writer  that  this  disturbance  could  be  so  great  as 
to  render  the  results  valueless,  and  he  would  like  to  ask  the  author 
for  these  results  in  connection  with  the  points  that  have  just  been 
raised. 

On  Plate  XXXIX  are  given  the  percentages  of  computed  secondary 
stresses  in  all  members,  and  it  is  of  interest  to  note,  as  the  author 
has  so  well  brought  out,  that  these  are  remarkably  low  in  the  lower 
chord  members  which  carry  the  greater  portion  of  tlie  load.  Take 
Member  4-6,  for  instance,  in  which  the  computed  secondary  stress 
due  to  dead  load  is  5%  of  the  primary  stress.  Plate  XXXVI  indi- 
cates that  the  measured  secondary  stress  is  13%  in  one  truss  and  11% 
in  another,  of  the  primary  stresses,  that  is,  more  than  double  the  com- 
puted ones.  The  writer  would  like  to  ask  what  information  is  avail- 
able concerning  the  variation  of  stresses  within  the  20-in.  gauge  line 
that  was  used.  The  intensity  is  certainly  greater  toward  the  end  of 
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the  member.  Measurements  that  liave  been  taken  by  the  writer  on  Mr. 
steel  and  concrete  in  reinforced  concrete  structures  indicate  a  very  "  ^^' 
rapid  drop  in  maximum  stresses  from  the  point  of  coiniection  of  the 
member,  and  suggest  that  gauge  lengths  even  less  than  the  usual  8  in. 
are  needed  to  catch  the  maximum  stresses.  This  point  has  been 
brought  out  much  more  clearly  by  Professor  McMillan,  of  the  Uni- 
versity of  Mimiesota,  in  comparisons  between  2-in.  and  8-in.  gauge 
lengths.  It  seems,  therefore,  that  the  intensity  of  secondary  stresses 
may  be  somewhat  greater  than  the  averages  over  20-in.  gauge  lengths, 
and  that  they  are  intensified  again  at  the  point  of  decrease  in  section 
at  the  edge  of  the  gusset  plates. 

These  points  can  be  recognized  without  questioning  the  author's 
general  conclusions  that  the  secondary  stresses  in  the  structure  under 
consideration  are  not  large  enough  to  cause  concern,  and  that  the  type 
of  structure  is  well  chosen  to  keep  them  within  low  values.  It  does 
not  seem  to  the  writer  that  it  is  well  to  minimize  these  stresses,  for 
that  would  tend  to  give  unwarranted  confidence  and  possibly  result 
in  overlooking  secondary  stresses  and  stress  measurements  in  cases 
where  they  might  otherwise  be  secured  and  thus  contribute  to  the 
store  of  knowledge. 

The  writer  would  like  to  ask  for  more  information  than  has  been 
given  in  the  paper,  concerning  the  distribution  of  stresses  in  different 
portions  of  the  members.  Easy  computations  from  the  data  in  Table  2 
show  the  average  intensity  of  the  stress  in  the  central  angles  to  be 
about  50%  greater  than  the  average  intensity  at  the  four  extreme 
angles  for  the  2-II,  or  last,  stage,  for  the  upper  end  of  Member  0-2. 
Similar  conclusions  may  be  drawn  from  Table  4  for  the  upper  end  of 
Member  4-6.  The  author  has  well  pointed  out  that  the  nature  of  the 
connections  tends  to  concentrate  the  stress  in  the  middle  portion  of 
the  member,  but  presents  only  average  values,  except  for  the  data  in 
Tables  1  to  4.  It  would  be  interesting  to  have  any  data  that  may  be 
available  for  particular  locations  in  regard  to  the  distributions  of 
stress  between  plates  and  angles.  The  writer  would  not  anticipate  any 
great  change  in  work  so  carefully  designed  and  constructed  as  this  has 
been,  but  feels  that  the  information  would  be  desirable. 

On  page  1816,*  the  author  states  that  the  Howard  strain  gauge  is 
probably  the  simplest  and  most  accurate  field  instrument  for  meas- 
uring strains.  As  the  writer  has  never  used  this  instrument,  he  is 
not  in  the  position  to  question  the  statement.  He  is  under  the  impres- 
sion, however,  that  more  information  may  be  secured  from  the  quicker 
acting  Berry  strain  gauge  for  the  same  expenditure  of  time  and 
energy.  The  inference  drawn  by  the  writer  from  the  work  on  the  Hell 
Gate  Arch  Bridge  is  that  for  each  load  only  one  measurement  was 
recorded  for  each  gauge  length.     Possibly  this  has  been  verified  from 
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Mr.    several  readings  and  the  average  recorded.     The  writer  has  secured 
"  '^'^'  much  more  consistent  results  from  the  Berry  instrument  by  taking 
three  or  more  sets  of  readings,  with  change  of  dial  between  each  set, 
and  recording  all  the  results,  than  by  taking  all  the  readings  at  a  cer- 
tain point  consecutively  and  recording  an  average. 

Mr.  James  E.  Howard,*  Esq.  (by  letter ).t — This  is  a  most  interesting 

and  instructive  paper  on  the  results  of  measured  strains  on  a  structure 
of  magnitude,  which,  in  its  conception  and  execution,  occupies  the 
foremost  rank  in  engineering  works.  The  intelligent  care  which  was 
exercised  in  acquiring  the  experimental  data,  the  impartial  criticism 
of  this  method  of  measurement,  the  definition  of  its  proper  scope,  as 
well  as  its  limitations,  is  a  source  of  gratification  to  the  writer,  who 
believes  himself  to  be  the  one  who  inaugurated  this  simple  and  direct 
method  of  examination,  a  method  which  is  capable  of  furnishing  many 
useful  results  which  have  not  yet  been  placed  before  the  Engineering 
Profession. 

This  method  of  measured  strains  has  been  used  by  the  writer  in  the 
examination  of  the  dead-load  strains  in  bridges  of  large  span,  in  the 
structural  members  of  modern  buildings,  in  the  distribution  of  stresses 
in  the  sheets  and  across  the  seams  in  steel  boilers,  in  the  investigation 
of  the  internal  strains  in  steel  rails,  and  also  in  the  study  of  thermal 
effects  in  street  pavements.  On  dates  earlier  than  the  examples  just 
mentioned,  the  method  was  used  in  ascertaining  the  state  of  internal 
strains  in  steel  forgings,  in  railway  axles,  in  cold-rolled  shafting,  and 
also  the  residual  strains  in  steel  bars  after  over-straining  loads  had  been 
applied  and  released. 

This  method  of  examination  was  first  used  by  the  writer,  in  1886 
and  1887,  in  the  determination  of  the  internal  strains  in  steel  forgings, 
in  lieu  of  a  method  used  by  Gen.  Nicholas  Kalakousky,  of  the  Russian 
Artillery,  who  utilized  a  microscopic  cathetometer  for  the  purpose. 

The  use  of  drilled  and  countersunk  holes  for  defining  the  gauged 
lengths  enabled  such  lengths  to  be  established  and  preserved  against 
accidental  injury,  even  against  vicissitudes  of  street  traffic,  in  the  exam- 
ination of  street  pavements;  in  structural  members,  protection  is 
afforded  to  the  contact  surfaces  during  handling  and  erection,  in  addi- 
tion  to  which  the  feature  of  permanence  is  present,  enabling  a  re-exami- 
nation of  the  gauged  lengths  after  the  lapse  of  time. 

A  reference  bar,  having  substantially  the  same  coefficient  of  expan- 
sion as  that  of  the  work  under  examination,  serves  its  purpose  as  a 
standard  of  length.  The  reference  bar  is  kept  at  the  same  temperature 
as  the  work,  whenever  it  is  practicable  to  do  so,  at  other  times  a  cor- 
rection for  the  difference  in  temperature  is  applied. 

•  Washington,  D.  C. 
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Two  types  of  strain  gauges — or  transfer  instruments,  as  they  might  Mr. 
be  termed — have  been  used:  one  is  adjustable  to  any  gauged  length 
from  1  in.  upward,  30  in.  being  considered  a  practical  maximum,  the 
other  being  represented  in  the  type  used  by  the  author.  The  adjust- 
able gauge  was  the  earlier  design.  It  was  intended  for  use  on  horizontal 
surfaces  or  those  nearly  so,  and  is  more  essentially  a  laboratory  instru- 
ment than  the  type  used  on  the  Hell  Gate  Arch  Bridge.  The  latter 
admits  of  being  used  in  different  positions. 

The  subject  of  measured  strains  is  one  which  is  particularly  attrac- 
tive to  the  writer,  as  it  appears  to  open  the  way  to  advance  knowledge 
relating  to  the  actual  conditions  or  states  of  strain  which  pertain  to 
engineering  structures  of  all  kinds.  Dead-load  strains,  equivalent  to 
20  000  lb.  per  sq.  in.,  have  been  observed  in  bridge  members.  Tempera- 
ture dilferences  have  been  responsible  for  stresses  of  several  thousand 
pounds  per  square  inch  in  large  members.  In  steel  rails,  wheel  pressures 
have  caused  the  introduction  of  internal  stresses,  exceeding  20  000  lb. 
per  sq.  in.,  in  the  head  of  the  rail  next  the  running  surface,  with  tensile 
components  in  the  interior  of  the  head,  stresses  which,  singularly, 
apr)ear  to  hqve  been  overlooked  in  railway  engineering. 

It  is  felt  that  a  most  promising  opportunity  for  the  acquisition  of 
engineering  data  has  been  permitted  to  pass  unimproved,  or  has  been 
utilized  to  a  limited  degree  only,  in  the  few  examples  of  measured 
strains  in  engineering  structures.  It  is  with  great  pleasure,  therefore, 
that  the  writer  witnesses  the  presentation  of  this  -valuable  paper  which 
was  provided  for  by  Gustav  Lindenthal,  M.  Am.  Soc.  C.  E.,  the  Chief 
Engineer  of  the  magnificent  Hell  Gate  Arch  Bridge. 
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DANIEL  MARSHALL  ANDREWS,  M.  Am.  Soc.  C.  E.* 


Died  June  28th,  1917. 

Daniel  Marshall  Andrews  was  born  in  Americus,  Ga.,  on  October 
24th,  1853.  He  was  the  son  of  Judge  Garnett  Andrews  and  Annulet 
Ball  Andrews,  of  Washington,  Ga. 

In  the  spring  of  1872  he  entered  the  Engineering  School  of  Georgia 
University,  at  Athens,  Ga.,  and  would  have  been  graduated  in  1874, 
had  not  a  serious  illness  prevented  him  from  taking  the  final  examina- 
tions. In  later  years  his  Alma  Mater  issued  his  diploma  and  conferred 
on  him  the  degree  of  C.  E.,  as  of  the  class  of  1874.  This  action  was 
based  on  his  excellent  record  as  a  student,  and  his  subsequent  high 
standing  in  the  profession  of  Civil  Engineering. 

!Mr.  Marshall  left  college  in  the  midst  of  the  panic  of  the  Seventies, 
and,  after  trying  unsuccessfully  for  six  years  to  grow  5-cent  cotton 
at  a  profit,  he.  in  1881,  returned  to  his  profession. 

From  1881  to  1884  he  was  employed  on  the  survey,  location,  and 
construction  of  railroads  in  Georgia  and  South  Carolina,  embracing 
certain  lines  of  the  Seaboard  Air  Line  System  in  these  States.  From 
1884  until  his  death  he  was  engaged  in  river  improvements  with  the 
United  States  Engineer  Department,  except  for  a  short  time  in  1902 
when  he  investigated  and  prepared  estimates  of  cost  for  the  Galveston 
sea  wall.  While  in  the  Government  service,  Mr.  Andrews'  work 
consisted  of  the  design  and  construction  of  navigation  locks  and  dams, 
the  regulation  of  rivers,  the  investigation  of  many  Southern  rivers, 
together  with  the  storage  reservoirs  on  their  headwaters,  with  a  view 
to  the  co-ordination  of  power  and  navigation,  and,  at  the  time  of  his 
death,  he  had  charge  of  the  improvement  of  the  Coosa  River  and  its 
tributaries  in  Georgia  and  Alabama,  the  Alabama  River  in  Alabama, 
the  Chattahoochee  River  in  Georgia  and  Alabama,  the  Flint  River  in 
Georgia,  and  the  Apalachicola  and  Choctawhatchee  Rivers  in  Alabama 
and  Florida. 

He  was  a  member  of  the  following  scientifit;  and  technical  societies : 
The  American  Association  for  the  Advancement  of  Science;  the  Amer- 
ican Historical  Association;  the  International  Navigation  Congresses; 
the  National  Geographic  Society;  the  Alabama  Anthropological 
Society;  the  Bartram  Society  of  Natural  History;  and  the  Alabama 
Technical  Association. 
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The  following  is  a  partial  list  of  technical  and  historical  papers 
written  by  Mr.  Andrews:  "The  Economic  Improvement  of  the  Coosa 
and  Alabama  Rivers  in  Georgia  and  Alabama",*  "Backwater  Above 
Dams",t  "Foundations  in  the  Coosa  and  Black  Warrior  E.ivers"4 
"Dam  No.  5,  Coosa  River,  The  Problems  of  Location  and  Construc- 
tion",:j:  "The  Improvement  of  Non-Torreiftial  Streams",:}:  and  "The 
Route  of  DeSoto  from  Cofitachequi  in  Georgia  to  Cosa  in  Alabama", 
read  before  the  Alabama  Anthropological  Society. 

Although  ]\Ir.  Andi*ews  was  a  U.  S.  Assistant  Engineer  for  the 
greater  part  of  his  life,  engaged  in  engineering  works  of  considerable 
magnitude,  he  was  also  a  great  student  of  science  and  general  liter- 
ature. 

On  April  20th,  1897,  he  was  married  to  Miss  Adeline  Yan  Court, 
of  Natchez,  Miss.,  who  survives  him,  together  with  their  three  sons, 
Daniel  Marshall,  Jr.,  Yan  Court,  and  Garnett. 

At  the  time  of  his  death,  and  for  many  years  previous,  his  home 
was  at  Montgomery,  Ala.  In  June,  1917,  he  went  to  Chicago,  111., 
for  an  operation  on  his  throat,  and  died  there  on  the  28th  of  that 
month. 

Mr.  Andrews,  known  familiarly  by  his  boyhood  friends  as  Marsh 
Andrews  and  by  the  general  public  as  Major  Andrews,  was  a  Christian 
gentleman,  a  man  of  integrity  and  honor,  and  an  able  engineer  of 
scholarly  attainments.  He  was  a  man  of  positive  convictions,  dignified 
bearing,  and  a  delightful  personality.  He  was  devoted  to  his  home, 
his  family,  and  his  friends  and  was  enthusiastic  in  his  professional 
work. 

He  was  elected  a  Member  of  the  American  Society  of  Civil  Engi- 
neers on  March  2d,  1892,  and  always  took  an  active  interest  in  its 
affairs. 


WILLIAM  SINCLAIR  BACOT,  M.  Am.  Soc.  C.  E. 


Died  October  31st,  1917. 


William  Sinclair  Bacot,  the  son  of  Robert  Cochran  Bacot  and 
Mary  Gilchrist  Bacot,  was  born  in  East  Orange,  N.  J.,  on  April  19th, 
1860.  He  was  a  direct  descendant  of  Pierre  Bacot,  a  French  refugee 
who  fled  to  America  after  the  Revocation  of  the  Edict  of  Nantes  and 
settled  in  Charleston,  S.  C,  in  1685. 

Mr.  Bacot  was  prepared  for  college  at  Hasbrouek's  Institute,  in 
Jersey  City,  N.  J.,  and  entered  Princeton  College  in  1877,  from  which 
he  was  graduated  with  the  class  of  1881,  with  the  degree  of  C.  E. 
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After  Icaviuy  college  he  was  first  employed  as  an  Assistant  Engi- 
neer on  the  construction  of  the  Hackensack  Water  Company's  Works 
in  Xew  Jersey.  From  1SS2  to  1908,  he  was  engaged  in  private  practice, 
having  an  office  in  New  York  City  and  making  a  specialty  of  improved 
liiglnvay  building  and  hydraulic  engineering  and  construction. 

^[r.  Bacot  was  appointed  by  the  United  States  Government  to 
build  the  Good  Roads  Exhibit  at  the  World's  Fair  at  Chicago.  For 
several  years  he  was  County  Engineer  of  Staten  Islatid,  New  York, 
and  built  good  roads  in  that  place  and  also  at  Lenox,  Mass.,  and 
Burlington,  Vt. 

Among  the  water-works  constructed  and  operated  by  Mr.  Bacot 
were  those  at  Fishkill,  Portchester,  Matteawan,  and  Mount  Vernon, 
in  New  York  State,  and  Greenwich,  Conn.  His  last  work  was  the 
development  of  the  water-works  for  the  City  of  Utica,  and  the  sur- 
rounding towns  and  villages,  covering  the  period  from  1900  to  the 
present  time.  He  designed  and  built  the  West  Canada  Creek  supply 
system  for  Utica,  and  welded  into  one  the  water-works  of  Utica,  New 
Hartford,  "V\niitestown,  Oriskany,  and  other  adjoining  towns  and 
villages. 

At  the  time  of  his  death,  Mr.  Bacot. was  President  of  the  Con- 
solidated Water  Company  of  Utica,  N.  Y.,  and  its  Chief  Engineer, 
positions  which  he  had  held  almost  continuously  for  many  years. 

He  was  of  a  retiring  disposition,  although  genial  and  of  a  lively 
and  enthusiastic  temperament,  inheriting  the  latter  characteristics 
from  his  French  ancestry. 

In  May,  1917,  he  was  married  to  Anne  Harrison  Hendryx,  of  Cin- 
cinnati, Ohio,  a  great-granddaughter  of  the  late  Presidenf  William 
Henry  Harrison. 

He  is  survived  by  his  brothers,  John  V.  and  Richard  Wainwright 
Bacot,  and  a  sister,  Mrs.  Annie  B.  Roundey,  and  several  nieces  and 
nephews. 

]Mr.  Bacot  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  October  1st,  1890. 


ELMER  ELLSWORTH  (OLBY.  M.  Am.  Soc.  C.  Y* 


Died  September  27x11,  1917, 


By  the  death  of  Elmer  Ellsworth  Colby,  the  Engineering  Profession 
loses  a  man  of  merit  and  distinction  and  his  associates  a  friend  in 
every  sense  of  the  word.  He  was  bom  in  Oconomowoc,  Wis.,  on  July 
2d,  1861,  and  was  educated  in  the  public  schools  of  Wisconsin,  Iowa, 
and  Illinois.    He  was  graduated  from  a  Chicago  High  School  in  1879. 

Mr.   Colby's  professional  life  commenced  in  his   nineteenth  year 
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when  he  began  service  as  a  Rodman  on  the  construction  of  a  Chicago, 
Milwaukee,  and  St.  Paul  Line  in  Carrol  County,  Iowa.  His  advance- 
ment was  rapid,  for,  in  March,  1883,  he  was  made  Division  Engineer 
of  the  Kansas  City,  Springfield,  and  Memphis  Eailway,  in  charge  of 
construction  on  the  Memphis  Division,  Terminal  Yards,  and  the  Mis- 
sissippi River  Transfer. 

After  the  termination  of  this  work  in  1884,  and  until  the  latter 
part  of  1888,  Mr.  Colby  was  engaged  in  various  construction  and  locat- 
ing capacities  in  Iowa,  Missouri,  and  Kansas,  changing  occupation 
frequently,  as  was  the  custom  at  that  time,  but  always  advancing,  and 
broadening  his  experience.  In  November,  1888,  however,  he  began 
work  in  that  branch  of  his  Profession  which  was  destined  to  be  his 
life's  work,  and  for  which  he  was  best  known  among  his  later  associates. 

At  that  time  he  opened  an  office  for  the  private  practice  of  bridge 
designing  and  construction  in  Springfield,  Mo.,  acting  at  the  same 
time  as  County  Engineer  for  Greene  County,  Missouri.  As  was  to 
be  expected,  the  first  years  of  such  an  enterprise  were  a  bitter  struggle, 
and  it  was  necessary  for  him  to  do  land  work,  sub-division  surveys,  and 
any  work  of  that  nature  that  would  come  to  a  young  engineer  starting 
his  own  business  at  such  a  time,  but  he  steadily  continued  toward  his 
goal,  and  built,  during  this  period,  several  bridges  across  the  larger 
streams  in  the  mountainous  portion  of  Missouri,  and,  also,  after  enter- 
ing a  competition,  the  War  Department  awarded  him  the  contract 
for  designing  and  supervising  the  construction  of  a  road  from  Spring- 
field to  the  National  Cemetery.  He  also  built  the  unique  Massey 
Building  in  Springfield,  a  four-story  structure  carried  on  a  stone  arch 
spanning  \Vilson  Creek,  and  designed  and  built  the  concentrating  mills 
and  shafts  for  several  lead  and  zinc  plants,  as  well  as  doing  prospect- 
ing and  underground  work  for  the  companies. 

When,  in  1900,  the  United  States  Department  of  the  Interior  started 
the  work  of  platting  segregated  town  sites  in  the  Chickasaw  Nation, 
in  Indian  Territory,  Mr.  Colby  was  placed  in  charge  of  the  work,  and 
moved  to  Chickasha,  where  he  resided  until  his  death.  After  the  town 
site  work  was  completed,  he  began  again  his  private  practice,  and, 
during  1903,  was  Chief  Engineer  of  the  Colorado,  Oklahoma,  and 
Texas  Railway,  a  Santa  Ee  property  connecting  the  main  north  and 
south  lines  with  the  main  line  to  the  Southwest  through  the  State  of 
Oklahoma. 

The  private  practice  opened  by  Mr.  Colby  in  Chickasha  included 
the  supervision  by  him,  as  City  Engineer,  of  all  public  work  in  that 
city,  covering  the  expenditure  of  approximately  $1  500  000.  He  also 
acted  as  Consulting  Engineer  for  other  cities  in  Oklahoma,  on  various 
municipal  improvements,  notably  sanitary  and  paving  work. 

At  the  time  of  his  death,  Mr.  Colby  was  also  County  Engineer  for 
Caddo  and  Grady  Counties,  Oklahoma.     He  had  recently  completed 
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a  most  important  and  difficult  bridge  across  the  South  Canadian  River, 
at  Canadian,  Tex.,  and  his  services  as  an  expert  on  construction  and 
cost  were  in  great  demand. 

He  was  instrumental  in  .securing  the  present  highway  and  sanitary 
laws  of  Oklahoma,  and  was  one  of  the  founders  of  the  Oklahoma 
Society  of  Engineers,  having  served  as  its  President  in  1910.  He 
belonged  to  the  B.  P.  O.  E.,  and  was  also  an  active  member  of  the 
American  Society  of  Municipal  Improvements  and  of  the  American 
Association  for  the  Advancement  of  Science. 

Professionally,  Mr.  Colby  was  a  marked  man  in  his  community, 
and  his  interest  in  civic  aifairs  made  him  a  leader,  both  in  Chickasha 
and  in  the  State.  His  death  was  hastened  by  application,  as  a  citizen, 
to  a  matter  that  was  absolutely  valueless  to  him  as  an  engineer  or  to 
his  business.  The  incident  was  the  culmination  of  a  series  of  public 
services  extending  over  many  years  and  appreciated  more  after  his 
death  than  before  it. 

He  leaves  a  widow,  two  sons,  both  of  whom  are  Civil  Engineers — 
the  younger  of  whom  is  taking  up  his  father's  work  so  far  as  he  can — 
six  daughters,  and  a  host  of  friends,  all  of  whom  feel  his  loss  as  a  per- 
sonal one.  He  died  at  work,  having  been  stricken  by  heart  failure 
while  at  the  wheel  of  his  car  on  his  way  to  inspect  some  work  in  his 
charge.  His  last  words  were  an  inquiry  as  to  whether  he  was  "on  the 
right  road." 

It  is  difficult  for  tlie  writer  to  express  his  feelings  at  the  loss  of  a 
friend  such  as  Mr.  Colby  had  been  for  years,  but  it  seems  to  him  that 
any  engineer  who  can  live  as  full  and  useful  a  life  as  Mr.  Colby  had, 
who  can  become  so  valuable  a  man  to  the  State,  and  can  be  so  uni- 
versally mourned,  has  accomplished  his  life's  work  in  an  enviable 
manner  and  could  well  be  proud  to  die  in  harness  with  his  hand  to 
the  wheel  as  he  did. 

Mr.  Colby  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  January  7th,  1913. 


HARRY  MADERA  GOULD,  M.  Am.  Soc.  C.  E.* 


Died  September  30th,  1917. 


Harry  Madera  Gould,  the  son  of  John  E.  and  Cora  D.  Gould,  was 
bom  at  Worthville,  Ky.,  on  April  12th,  1872.  He  received  his  grammar 
and  high  school  education  at  Worthville  and  Louisville,  Ky.,  and  was 
graduated  from  Rensselaer  Polytechnic  Institute,  in  the  class  of  1895, 
with  the  degree  of  Civil  Engineer. 

He  entered  railroad  work  with  the  "Big  Four"  Railroad  at  Louis- 
ville, Ky.,  but  moved  to  Colorado,  where  he  was  engaged  for  a  while  in 

*  Memoir  prepared  by  C.  B.  Wilson,  M.  Am.  Soc.  C.  E. 
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milling  work.  In  1897,  he  was  employed  by  the  Louisville  and  Nash- 
ville Railroad  Company  as  Assistant  Engineer.  From  1898  to  1905, 
he  was  associated  with  his  father  in  the  erection  of  steel  bridges, 
principally  railroad  structures,  and,  from  1906  to  1908,  he  was  Secretary 
and  Treasurer  of  the  Gould  Construction  Company,  doing  the  same 
class  of  work.  In  1907  and  1908  the  Gould  Construction  Company,  in 
conjunction  with  the  Foster  and  Creighton  Company,  erected  the 
two  steel  and  concrete  highway  bridges  over  the  Cumberland  River  at 
Nashville,  Tenn.,  and  Mr.  Gould  was  General  Manager  of  the  work. 
From  1909  to  1914  he  was  Vice-President  and  General  Manager  of 
the  Foster-Creighton-Gould  Company,  during  which  time  the  company 
built  the  Kentucky  and  Indiana  Railroad  bridge  foundation  in  the 
Ohio  River,  at  Louisville,  erected  the  Fort  Smith  and  Van  Buren 
Highway  Bridge  superstructure  across  the  Arkansas  River,  built  the 
Louisville  and  Nashville  Railroad  Bridge  complete  across  the  Cumber- 
land River,  at  Nashville,  and  a  number  of  railroad  bridges  and  other 
structures.  From  1915  to  1917  he  was  President  of  Gould  Contracting 
Company,  doing  steel  erection  and  foundation  work,  having  just  com- 
pleted a  power  dam  across  Caney  Fork  River,  Tennessee;  he  had 
also  been  engaged  on  the  construction  of  the  Hydes  Ferry  Bridge  over 
the  Cumberland  River,  at  Nashville,  Tenn.,  now  nearing  completion. 

Mr.  Gould  had  been  in  bad  health  for  several  months  and  died  at 
Nashville,  Tenn.,  on  September  30th,  1917.  His  wife  and  one  child 
survive  him. 

He  had  been  a  member  of  the  Engineering  Association  of  the 
South  (now  the  Engineering  Association  of  Nashville)  since  May,  1903, 
and  had  served  as  a  Director  and  as  President.  He  was  a  man  of 
high  business  principles  and  ability,  whom  not  only  his  friends,  but 
the  community,  will  miss. 

Mr.  Gould  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  November  30th,  1909. 
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